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INTRODUCTORY LECTURES

Dr. G. Schoknecht,
Bundesgesundheitsamt Berlin

AIM OF QUALITY ASSURANCE IN THE MEDICAL CARE

The importance of quality aasurance (QA) in many aspects
of daily 1l1fe is without queation. Measures for QA are per-
formed

~ to reduce the life rigk factors in the technical and civi-
lized world

- and to ensure workable consumer protection regulations.

As medicine and medlcal practices today play a prominent
role in publie opinion, the call for a control in this rield
Increases.

The term quality control {QC), which has ita origin in in-
dustrlal production, is very often rejected and should there-
fore be subatituted by the term QA, although one should keep
in mind that QA always includes a form of qQc.

The rapid development of QA has shown, when looking back

on the words of the late epldemiologist M. Pflanz, who 10
years ago wrote:
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"In a restricted manner there exist codes of guality judge-
ment. In general is the attainment and judgement of quality
more a matter of intuition and good sense combined with the
experience of the investigator" (Pflanz 1973).

That in the past a change has occurred, can be witneased in
many fields of medicine. However it should be clear, that the
methods of QA are quite different in the different medical
disciplines.

For example, the QA program proposed by the German Society

of Surgery has the following alms:

Quality asaurance and improvement

- through detailed information concerning
ones owWn surgical work

- by extern compariscon with other surgical
departments

- by acceptance of extern consultation and
assistence In the analyslias of ones own
work and the realization of the consequences

~ by obtaining statistiecal information in
answering current surgical questlions

In order to realize these aims a committee for QA was formed,
which used the experience of a pllot study to develop special
programs. The programs rely on free participationship.

When looking at the alms demonstrated it is obvicua, that in
the meaning of Pflanz, only in a very restricted manner quan-
titative values or critiria are considered. Only in one point
statistical material is mentioned.

I wish to restrict myself to the main theme of this workshop.
The thoughts presented concern QA in diagnostic procedures
(DF). In doing so, I wish to elaborate on general points of
view and to discuss the possiblility of obtaining quantita-
tive criteria for QA.

First it 13 necessary to look at a DP in general.

Fig. 1: Diagnostic Procedure, General

The aim of a DP is to obtain
a diagnostic finding. Within

| I a DP various kinds of inatru-
ments may be used.

Diagnastic Procedure

Application of apparatus
The instruments deliver rele-

‘I::l, vant medical information in

the form of values (i.e. blood

pressure), value distributions

] l (1.e. ECG) or images (i.e.

X-ray images). This information

requires the |nterpretation

of a physiclan, who makes his
diagnostic finding.

Value, Distribution,image

interpretation

In the case of X-ray diagnostica, a DP may be represented
as shown in Fig. 2

Cjﬁiﬁﬁ Ieo [ﬂ”‘%@

Tubs Grid  Mim  Develspiment
Feil

Fig. 2: Diagnostic procedure in Diagnostic Radiology

During the procedure the schematically shown apparatus are
used (tube, grid, film, screen, film-processor, light screen).
From one or more DPs, after compilation and further inter-
pretation by a physician, the diagnosis is fixed. The dia-
gnosis 1s the statement, whether or not a certain disease

is present.
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The decision making process can be performed either deter.
ministically by a decision tree procedure or statistically,

for example using Bayes theorem. In the last mentioned case

one arrives at probability statements.
used in the statistical procedure may
expression of the total medical experi
now.

The QA discussed here concerns the end
the diagnosis.

However in order to compare DPs, it is necessary, to extend

the considerations also to other aspec

practice quality is not always the maln factor, when selec-

ting a procedure for a certain aim.

As already mentioned, within a DP tech
different kinds are used. Experlence h
useful to judge instruments independen

DP. The same instrument may be used {n various kinds of DPs.

it is therefore necessary to know, whe

strument is able to perform the task required within a cer-

tain DP. Therefore the aspeots mention
to instruments as well as to the procs

Uay
QUAL ITY Fig. 3:
SAFETY

FRACTICABILITY

T e

APPARATUS and PROCEDURE

What are then the considerations, that
Jjudgement of quality of a DP?
Let us imagine, we wish to test a rout

The decision matrix
be thought of as ap
ence gained untill

product of a DF, i.e,

ts of procedures. In

nical instruments of
as shown, that it ig
tly from the special

ther a technical in-

ed in Fig. 3 apply
dures themselves.

General aspects for
the judgement of

instrumenta and
procedures

Wwill lead us to a

ine procedure, which

Wwill give us informatlion about the exlstence of a disease.

There may also exist a comparative DP,

that will give ys

an exact answer, whether or not a disease is present. We

examine with both procedures a certaln

group of people, in

which the disease with a certain frequency is present. A
comparison of the results obtained with both procedures in-
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dicates H possibilities, l.e. the group of people examined
ls divided into 4 subgroups:

Diagnosis
. -
. t P Fig. 4: Quantities to cha~
. .
Disease racterize the
- t, . quality of a DP
. t. :
Sensitivity: Py = XN t, true positive
t _ true negative
- t. -
Specificity: Ps W r+ false posjtive

f_ false negative

From the number of people in each subgroup two {mportant
quality eriteria (P_ and P_) may be derived. Where

P, describes the relation of t, to the total number of
positve casea

P_ describes the relation of t_ to the total number of
negative cases
P+ and P_ are two i{ndependent variables, which may be labelled
as VALIDITY criteria. Both reach the value 1, iIf there are
nc false determined cases.
Depending on the aim of a DP, & high P+ or a high P_ value
is expected:
In screening studies, high P+ values are necessary to avold
overlooking sick persons. P_ needs not to be so high, because
further examinatlons will lead to the exact diagnosis.
In clinical diagnosties other peints of view are important.
For example in life and death diseases, which have good
effect to therapy, P, must be high.
With less dangerous diseases, with little effect of therapy,
P_ should be high, while P, may be lower.
As a further criteria the fallure rate of a DP should be
mentioned. That is the frequency of cases, in which a proce-
dure delivers no result, These cases may happen due to a



failure of an instrument, but in many cases, there also exists

a failure due to the patient, when for anatomical or physio-

logical reasons, no result may be obtained.

The validity criteria have - with resapect to their use in

practice ~ two main disadvantages

- they rely on the existence of an exact comparative proce-
dure

- they are only valld for comparable patient or proband groups.

In spite of these disadvantages, they are widely accepted in
the judgement of procedures and increasing use of them should
be made in the future.

A special application of validation methods in radiography are
model studies {Barett 1982) to validate the recognization
ability of human image observers, Because clinical photographs
are in most cases unsatiafactory for such investigations, test
images may be produced with a gamma camera of a homogenious
phantom filled with a radiocactive liquid. Anomalies in the
test images may be produced by introducing non active bodles
into the phantom. In this way series of test images with and
without anomalies in any shape and size desired may be pro-
duced. Furthermore the photon numbers used for imaging can

be varled.

Fig. 5: Is there any Iinformation present?

The series of test images (two of them are shown in Fig. 5)
were presented to an observer with the question, in which
image he recongnizes an anomaly. The evaluation of the test,
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i.e. the comparison of the decision with the actual situation,
gives one value for P+ and for P_ respectively.

The evaluation procedure of the test images can be varied

by introducing a scale of assurance of the findings:

The anomaly is

= (1) with certalnty not present
- (2) probably not present

- {(3) possibly not present

- (H4) possibly present

- (5) probably present

- (6) with certainty present

By judging all images on the basis of the different steps

of assurance one after the other, different P, and P_ values
are obtained. By putting both values as coordinates into

a dlagram, it can be seen that the determined polnts lie

on a smooth curve. This curve 13 called "recelver-operating
characteristic-curve (ROC-curve)".

%
M

Fig. 6: ROC-curve. The pointa A, B and C represented differ-
ent readings

Different observers in general have a different ROC-curve.

But in the case of normal visual abilities these curves will

not differ very much from each other,
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The mentioned procedure may be transferred to other image
evaluating systems. In this case each system can have a very
different ROC-curve.

Fig. 7: ROC-curves of different imaging systems

These curves offer a possibility for a comparative judgment

of image evaluating systems. An ideal curve has a 90 degree
angle. Suitable procedures should approach such a curve very
closely.

Untill now we have discussed mainly the QA of DPs. The criteria
obtained can be summarized as follows:

Guality criteria

apparatus procedure
reliability validity
-...-------.-‘.-.--l 1 A B O
correctness specificity
precision sensitivity
tailure rate
Fig. 8:

In Fig. 8 also Quality criteria for the judgement of techni-
cal instruments are Eiven, as far as a result in the form

of a measured value is abtained. The criteria concerned are
the correctness and the precision. Both ceriteria can be summed
up under the main beading RELIABILITY.
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The correctness results from the systematic error, i.e. from
the deviation between the real value and the mean value cal-
culated from repeated measurements. The smaller this deviation,
the larger is the correctness. Because there is no usual mathe-
matical definition for correctness, it is more proper to speak
of the systematic error.

The precision derives from the distribution of random errors.
This distribution in many cases is represented by a Gaussian
curve. A measure of precision is commonly the standard devia-
tion or a multiple factor thereof. Of course the information
of the standard deviation is not restricted to Gaussian distri-
bution functiona.

The methods used for the determination of correctness involves
the application of standards. The exact value of the standard
is often determined by another method (if possible a precision
method),

For the determination of précision repeated measurements are
performed. However, because in medicine reliabflity measure-
ments are difficult and may be a burden to a patient, the use
of phantoms js the best way to carry out such measurements.
Phantoms thus pPlay an important role in medical measurement
techniques.

The above described reliability eriterla are as ment ioned only
applicable to values measured by an instrument. It is on the
other hand possible to transfer the criteria to instruments,
which have as output value distributions. In imaging procedu-
rea the criteria are of little use, as long as they are not
used for quantitative image measurements. Image criteria will
be discussed further during this workshop.

Now the group of safety and practicablility criteria will be
considered. The safety criteria may be quantified by their
risk. They can be summarized as follows:

Safety criteria

apparatus procedure
risk - of use risk - to patient
= in hand~- - to personal
ling - to the sn-
Fig. 9: vironsent




The risk of DPs can be underatood as the relation of the
number of investigations in which an incident occurs toc the
total number of investigations. Also other deflinitions may
be used to quantify risks. Especlally in radiclegy often
dose values, l.e. gonad dose values, may be used.

Risks which characterize medical instruments are

- the risk of use (e.g. risks due to defective electrical
safety)

-~ the risk of handling {(e.g. incidents due to misuse)
and procedural risks consisting in danger

- to patient and personnel (e.g. by radiation burden)

- and to environment (e.g, by radicactive waste products).

As an example of risk, the radiation burden of a patient due
to X-ray examinations will be considered. This concerns the
question of diagnostically effective radiation in relation
to the radiation, which is only & burden to the patlent.

For this purpose we performed calculations, in which we were
specially interested in the scattered radiation originating
in the patient. We used a simple model consisting of water
layers of variing thickness, which were penetrated by a pho-
ton radiation field.

Q
[ Y
-]

m
o3
m

8
m

\

»

Fig. 10: Photon interactions in a water phantom
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To answer our question, the primary radiation fleld can be
reduced to a pencil beam. Using the Monte Carlo method all
collision processes undergone by the photons were simulated.
Collision processes considered are the Compton- and the
photoeffect.

when assuming No photona of energy E, which penetrate into
the water layer, we have a gertain number, which suffer a
primary ccllision. The total energy deposition to the me-
dium from these photons will be an (o stands for primary
and a for absorbed).

Another number of photons, number N,p+ passes through the
medium without any collisicn. The whole energy of these pho-
tons is Eot (t stands for transmitted).

The scattered photons praduced in the layer can be divided
into 3 groups:

1. those being absorbed in the layer (total energy E
s stands for scattered),

sa’'

2. those leaving the layer in forward directions
{number Nat' total energy Est)

3. those beipg back-scattered
(number N,, , total energy E, , b stands for back-scat-
tered)

Considering the energies, the following egquation of an energy

balance applies:

The incident energy splits up into 5 components. It is of
special interest for the medical use of X-rays to know, how
the different summands behave as a function of the incident

energy Eo and the thickness of the layer d.
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For radiation protection of a patient subject to X~ray exa-
minations the behaviour of the harmful energy components

an + ESa i3 important, because these two components are
absorbed in the body of a patient.

The percentage of the absorbed energy in shown in Fig. 11
for 3 phantom diamaters as a funetion of quantum energy.
Basically, the values increase rapidly with inereasing thick-
ness of the absorbing layer. Considering the dependence upon
primary energy E,» we see the rapid decrease with increa-
sing photon energy in the region that is used in X-ray dia-
gnosis. The advantage of high kV techniques ecan clearly be
seen, but only with respect to the integral tody dose.

80
./. Eoo* Esa
3 \_,/\

- % N\30cm

B \20cm
40 N}

B \—’\" 10cm
20
% 100 1000keV

Eo

Fig. 11: Percentage of absorbed energy as a function of
phantom thickness and photon energy
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A further increase of X-ray voltage does not reduce the
integral dose, but produces a much lower contrast in the
radiograph. If using a voltage of more than 1 MeV, we see

a further decrease of the integral body dose.

From the curves shown, we can calculate a ratio Ur of use-
ful to harmful radiation energy, on the premise that forward-
scattered radiation can be completely removed by a grid.

When calculating this ratio without the knowledge of scatte-
red radiaticn, we would use the exponential expression, where
¢4 18 the absorption coefficient for primary radiation. This
leads to a value U'r which can be expressed in terms of our
energy components.

€a d ur ur®
eV ca 3 X E
"o ~#d of
so s 114 48,7 U, £ s
50 10 18 11.3 I 1ee-ud Epa+EgarEgiokgy
se 20 1.4 1.0
0 3o 0.12 o.10

| 100 3 252 72,7 || E
100 10 (1] 1.4 Ur= =z
100 20 5.2 3.2 Eoa*Egq
100 30 0.8 0.54

Fig. 12: Relation or disgnostically useful to harmful radia-
tien
Considering that part of the scattered photons leaving the
Scattering medium, we have to neglect the two summands Est
and Ecbr 3© that we get the correct value U..
A numerical comparison of the values Ur and U. for 50 and
100 keV photons and d values from 5 to 30 cm fs also in given
in Fig. 12. Ur and U'r decrease very rapidly with increasing
thickness d. The exact values are higher than the values
U'r calculated for primary radiation alone. But we can see,
that for thick layers, both valyes will approach each other.
The result of such calculations will give us a better under-
standing of the influence of scattered radiation to the risk
to patients in X-ray examinations.
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As the last point in judging DPs, practicability has to be
mentioned. Here also ohe can separate apparatus and procedure
criteria.

Practicability criteria

Fig. 13: apparatus procedure

handl ing personel load

space requirsaent work load

susceptibility of tine factor
datects cost

cost

This uncompleted list of possible judgement criteria ends

in both cases with the necessary financial considerations.
Although I mentioned practicability as the last point, it

is this point which in practice often is the moat important
and which decides the procedure with which a patient in each
case is treated. This occurs even in spite of the fact that
not all quality criteria are optimally fulfilled.

In summary it must be emphasjzed, that the question of QA

in medical diagnostiecs should not be treated as an isoclated
problem, but also considerations should be given to safety
and practicability. This !s especially true in those cases,
where one diagnostio method is 1in concurrence with others.
For resons of safety it may be useful to substitute radle-
legical procedures by ultrasonlc or thermographle procedures,
although the validity criteria for these are not optimal.

In any case there is still much work to be done in the field
of QA. I hope that with my above representation 1 have shown
a possible path to the systematic realization of thils task.
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QUALITY ASSURANCE PROGRAMMES IN DIAGNOSTIC RADIOLOGY:
AN IMPORTANT FACTOR IN IMPROVING HEALTH CARE

1. Introduction

Quality assurance (QA) in diagnostic radiology has a
history no longer than a few years, although efforts to
improve the quality of the diagnostic image have accompa-
nied the development of radiology since its beginnings.

WHO initt{ated its programme in this area with a work-
shop held in Neuherberg in December 1980, with the kind
financial support of the Government of the Federal Repub-
li¢c of Germany. The report of this workshop, now published
as a guide (1) for the development of QA prograzmes, con-
stitutes the firat step in the implementation of this ac-
tivity, while the present training workshop is a second
and more practical stage, almed at giving practical traf-
ning to a numher of medloal and health physicists from 16
countries in how to initiate or expand QA in dlagnoastic
radiology in their countries.

A pertinent question which could be asked is why WHO {s
interested in starting QA programmes in diagnoatic radio-
logy at a time when the major efforts of the Organlization
are directed towards the better coverage cof populations
with health, and therefore radiological, services. The ans-
wers to this question will be given in this paper but three
major reasons can be mentioned from the beginning as essen-
tial, namely:

cost containment
reduction in radiation exposure of the patlent

improvement of the diagnostic imaging
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All three are valid for the devoloping as well as for
the industrialized world and Justify the WHO programme on
quality assurance, not only in the field of diagnostie ra-
diology but alse in nuclear medicine, being conducted in
parallel to that in radiotherapy, and which needs further
consideration and expansion to cover new technologies such
as ultrasound.

It should be mentioned that similar programmes in the
fleld of elinical laboratory services, blological products,
pharmaceuticals, etc. have been effectively conducted by
the Organization for a wuch longer period of time and with
encouraging results.

2. Cost contaiment

Let's consider the principal fmplication of a QA program-
me, namely cost containment. The data available are not ex-
haustive and are particularly restricted to a small number
of countries. Such data are related to film retakes or film
wastage, both representing means of identifying the need
for measuring the efficacy of QA programmes.

Trout, E.D. and collab, (2) analysed in 1973 the rejec-
tion rate of chest radiographs obtained during the coalmine
black lung programme. To qualify for participation in this
programme the facilities had to be certified for competence
and for this reason all facilitles and rilm readers were
screened. Despite this screening, Trout et al. found that
44 % of the facilities participating in the first round had
from 10 % to 40 % of the rilms submitted rejected as being
of Inadequate guality for diagnoais of pneumoconiosis. After
this finding the National Institute of Occupational Health
{NIOH), the certifying bedy, took active measures to improve
the quality of chest radiographs and the rejection rate de-
creased, as shown below:

- 25 =

Period % of radiographs unreadable

June 1973 . March 1975 2
March 1975 - Dpeo. 1975 1.
Jan. 1976 - Sept. 1976 0

A preliminary evaluation of dental radiographs submitted

termine the efficacy of the proposed treatment, as shown
by Beideman and collab. (3).

Berry and Oliver (4) 1In the UK have found the following
results regarding the percentage of spoilt fiima and exam-
inations where a 3pollt film was produced:

Table 1: Spoilt films in various types of hospitala

Percentage of

Type of hospital No. of No. or spoilt exams with
films exams filma spollt films
Teaching 17 500 4 198 4.9 12.4
District-Genera} 4 995 1 896 8.0 21.8
Accldent/emergenoy T 366 3 951 6.0 13.6
Private nursing home 498 174 3.0 9.1
30.359 10.219 5.7 18.0

The main causes of 3poilt films were: exposure faults,
ranging from 33 § o B7 ¥; positioning faults 13 % to 33 §;
machine faultas, approximately 14 §, and non-contributory
film, approximately 11 %,

Mc Kinlay and Me Cauley (5) analysed the spoilt films
in Australia In a hospital performing approximately 30 000
examinatlons/year. The total film wastage rate ias 8.9 f.

A higher rate of 13.1 % was found for low 1limb exams,
12.9 % for rilms for extremeties, children, gall bladder,
and a lower rate of 3.7 $ for chest and 3.2 § for apine.
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The cause of wastage analysed quantitatively for chest films
showed: radiographer error, which |s exposure fault - 79 %;
machine fault - 8.5 ¥, faults due to machine cleaning, test-
ing - 12.5 %, etc. The authors consider that a film wasta-
ge reduction to less than 5 % is not possible without sacri-
ficing diagnostic accuracy and radiographic quality.

Koga in Japan (1968) found a retake rate of 2 § with the
following causes: radlographer error - U0 %; machine failure
- 20 %.

Whittaker in Kenya (1979), analysing 100 consecutive
skull radiographa, found 9 % to be of unacceptable quality
due to: incorrect positioning, incorrect exposure, movement
blurring, etc.

A WHO enquiry made in 1980 found the following figures
for the percentage of rejected films: university hospitals

in: F.R. Germany - approx. 6 %;
in the UK - approx. 10 %;

in Switzerland - approx. 18 %:
in Kenya - 6 §%;

in Sierra Leone - 2 %.

All the above figures are based on average data mentioned
in the WHO questionnaire.

In the USA a number of radiclogical departments where
QA programmes have besn applied have changed their retake
and waste rate, as shown in Table 2, taken from the BRH
Publication Quality Assurance Programs for Diagnostic Ra-
diology Facllitles (6).
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Table 2: Retake and Waste Rate for Films in a Number of
US Radiological Facilities before (1) and after
(2) a QA Programme

Radiological Facility 4 Retake Rate § Waste Rate
(1} (2) () (2)
University of Connectlicut 4.3 8.4 - -
Baltimore PHS Hospital 8.0 6.2 - -
Donelson Hospltal, Tennessee 9-10 3.5 - -
Hammond Clinic - - 6.5-8 2.7-3.7
Medical College, Virginta 8 3 - -
Morton F. Plant Hospital - - 2.6 6.2
MclLaren Hoapital, Michigan 10 7.4 - -
Mercy Hospital, Baltimore 14 B.6 24 13.6
Fountain Valley Community
Hospita} 15 T.7 - -
Mercy Hospltal, Iowa 14 T.5 - -

In addition to the data appearing in Table 2 the River-
side Medical Center, Kanakee reported a 50 T drop in retake
rate and the Washington Hospital, Pennsylvania a 40 % re-
duction after the introduction of QA programmes.

The cost of radiodiagnosis s evaluated to be 6-10 § of
the total cost of health care in various countries in Euro-
pe and the United States, No figures are available from Af-
rican, Aslan or Latin American countrlies, but considering
the fact that in such countries the major part of the cost
of a procedure is represented by the equipment, films and
chemlcala, reaching 70 % of the total, while in industria-
lized countries these items represent only 25-30 % of the
procedure cost, it is possible to estimate the cost contain-

ment resulting from a drop by 40-50 % Iin retake or waste
rate.
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For example, If a country spends US$50 per inhabitant/
year on radiodiagnosls and the present waste rate ls 10 %,
a saving of US § 5 per head/year for wasted films could be
made. Reducing such waste by 50 % would result not only in
a saving of US $ 2.5 per head/year but in a decrease of the
depreciation rigure for x-ray equipment, tubes, generators,
film processors, ete., and in a reduction of unnecesasary
patlent exposure.

There are insufficlent data demonstrating that invest-
ment in QA equipment, salaries of personnel performing QA
activities, could be eaaslly covered by the containment re-
sulting from the reduction of the retake and waste rate as
shown above. More such data are necessary, particularly for
developing countries, to convince the health authorities
that such activities are worthwhile.

3. Reduction in patient exposure

This is another consequence of a QA programme. Patient
exposure i3 reduced as a result of at leaat three factors:

decrease in the retake rate, which 1a a ocomplex
process;

appropriate collimation,
both needed for an
Image of good gquality.
appropriate beam quality

As a result of the factors mentioned above the dose re-
duction due to QA activities 1s not restricted to the pa-
tients, for whom a lower rate of retakes has saved exposu-
re, but applied to all patients undergoing examinations with
adequate collimation of the beam and with an adequate beam
penetration, The savings in exposure are much greater than
the few percent resulting from the examinations which are
not made as a result of the decrease in retake rate. If pro-
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per collimation reduces the body exposure of an Individual
by 10 - 15 %, this reduction applies for all patients ex-
poaed under similar conditions. To be added to this reduc-
tion from correct collimation is that resulting from & beam

of approprlate energy spectrum, which will contribute another

percentage to the reduction of dose, particularly the doae
at the entry area.

If a QA programme is applied a reduction in patient ex-
posure of up to 20 - 30 % can be expected as a result of
the combination of the factors mentioned above. If the col-
lective effective dose from diagnostie radiology calculated
by UNSCEAR {1981) for various countries is as presented in
Table 3, applying a 25 % reduction as a result of QA will
substantially reduce the dose.

Table 3: Collective Effective Dose Equivalent (man Sievert
per 108 pop.) for Diagnostic Radiclogy in
Various Countriea {UNSCEAR 1981)

Country Year Initial Dose - Dose after QA prog.
(25 § reduction)

Australia 1970 332 249.0
Finland 1975 1114 835.5
Japan 1979 1314 985.5
Poland 1976 511 383.3
Romanisa 1577 665 498.8
Swaden 1977 452 339.0
UK 1977 276 207.0
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If a value 1s given to each man Sievert saved, an addi-
tional sum can be obtalned to balance the cost/benefit of
the QA programme beyond the benefit resulting from the de-
crease In population exposure. An analysis made by the
Bureau of Radiological Health, USA, estimated savings of
US $ 145 million and 3300 Slevert bone marrow dose as a re-
sult of extrapolation to the US of data chtained in the
states of Baltimore and Alabama studles (6). Other data
quoted by the same publication (6) suggest reductions of
US § 195 million and 3750 Sievert.

4. Improvement of dlagnostic imaging

Although as a physical fact the diagnostic image, wheth-
er radlographic of fluorescopic, depends for its quality
on factors which are listed in Table 4 and which will be
repeatedly discussed during this Workshop, the radiologist
has a psychophysiological perception of this image and on
this perception he/she bases the assessment of the quality
of the image. This is one of the maln reasons why no stand-
ard definition of image quality has been adopted in any
country.

Table d4: Factors influencing the Image Quality in Diagnos-
tic Radiology

Radliography Fluoroscopy
Density Brightness
Contrasat Contrast
Latitude Sharpness
Resolution Noise

Noilse

Signal/nolise ratio
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These factors Influence the retake and waste film analy-
sls, which will depend on the level established for accept-
ance of a radliograph. The wide variation seen even between
radiological departments In university hospitals in Europe,
ranging from 6 § to an 18 % rejection rate, demonstrates
the influence of these factors,

It is true that there are avajlable today a number of
methods almed at rendering this evaluation more cobjective
and these include:

1) Radiclogist's impression - represaenting the evaluation
by a radliologist of the quality of image produced. This
method is widely used for comparison of rilm/screen
system, scatter reductjon techniques, etc. and has the
limitations already discussed.

2) Visibility of anatomical landmarks - this is a more ob-
Jective method, based on an evaluation of the viaibility
of pre-defined landmarks in images selected for study.
A3 an example, a bone radiograph will be consaidered of
good quality if the atructure of the bone 1s seen
clearly on the radlograph. The landmarks are selected
on the assumption that their visibility will lead to
the detection of lesions of interest.

3) Recelver operatipg characteristic (ROC curve) - repre=-
sents a more objective approach in evaluating the abil-
ity of one or more observers to detect the signal and
permit the eatablishment of a confidence level for the
observer's decisjon if the signal is present or not.
For the ROC curve a statiastically significant sample
is needed and the results are specific to the imaging

system analysed.
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4) Test objects (phantoms) - two types of test objects are

used in the evaluation of the image quality:

i} anthropomorphic phantoms: phantoms which tend to
reproduce the radiocgraphic appearance of a glven
part of the human body. These permit an evaluation
of the image based on anatomical landmarks, aveoi-
ding the ethical problem of irradiation of a human
being. They alsoc avold problems related to anatomi-
cal variations, physiological movement, etc.

ii) physical phantoms: test objects of various comple-
xity, whieh allow the evaluation of one or more of
the parameters influencing the image quality and/or
detect the faults in the x-ray machine performance.
A large variety of such physical phantoms are con-
tinually being designed for varlous purposes and
during the Workshop a number will be presented. The
main use of physical phantoma is:

- displaying the dynamic range - the stepwedge filter;
- evaluating the high and low contrast resolutlion -
via, star patternﬁ, wire mesh of high radio-opaque
material, array of holes, plastic spheres, discas
of low contrast material, etc.

As a general result of the QA programme an improvement
of the diagnostic image qualicy would have the pattern seen
in Fig. 1, taken from BRS Publication QA Programs for Diag-
noatic Radiological Facilities (6).

———Belore QA
Aher QA

FERCENT
OF FiLms

T - SETicAL ™
T Acceptance Limis ——-——) FhiCAL

Ditvanly

Figure 1. The elfect on retake rate from reducing system
variation,

- 33 -

It is difficult to evaluate the impact of the improve-
ment of image quality on health care and health economics
since this is a complex matter. Nevertheless, if diagnostlc
images produced are of better Quality the following conse-
quences could be expected:

i) earller cases of a number of diseases to be discovered,
as less obvious leslons will be detscted with a higher
degree of rellability;

il) more preclse diagnoses being made aa misleading factors
such as artifacts, motional blur, etc. will be reduced;

iii) better follow-up of patients in need of confirmation
of disease evolution, complications, healing process,
etc. will be possible with images of higher reliabllity.

No study evaluating the consequences mentioned here ia
currently available. Thia area remains open for further re-
search which I am sure will be able to find methods to de—
fine the contribution of better quality diagnostic images
in the tmprovement of patient care and in the reduction of
direct and indirect health costs. When such data becomes
available a true evaluation of the health and economic con-
3equences of a QA programme in diagnostic radioclogy will
be possibvle,

I have analysed here the importance of having QA program-
mes in diagnostic radioclogy in operation in order to increa-
se the impact which this diagnostie technology has on patient
care and health economics. I shall devote the following part
of the paper to the organlzational aspects of such QA pro-
grammes.

5. Organization of QA programmes in diagnostic radiology

The wide differences between health services In various
countries oblige me to discuss here only those aspecta of
the organization of QA programmes which are of general va-
lue.
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The first aspect which should be considered in starting
& QA programme is to obtain the acceptance and support for
such an activity. This means convincing on one side the
health authorities and on the other side those who are prac-
tising diagnosatic radiclogy (radiolegists, radlographers,
non-radiologists using x-ray diagnostic equipment, etc.)
of the importance of having a QA programme routinely perfor-
med. For this reason WHO has prepared a publication (1) and
has introduced this subject into its programme, aiming at
raising the awareness of national health authorities. The
present Workshop is another atep iIn this directlon and the
arguments presented under points 1 - 4 of this paper are
intended to provide the participants with the necessary in-
formation to convince their national health authorities and
members of the radiological professton concerning the re-
sults - in terms of health care lmprovement and exonomics -
of QA programmes.

It may be neceasary for obtaining the acceptance and sup-
port for the QA programmes to demonstrate that the problem
of quality performance in diagnostic radiclogy exists in
the given country. This could be shown by an enquiry into
the waste and retake film rate in a number of radliodiagno-
stic departments at various levels of health care, inclu-
ding very busy departments,

I should like to point out that waste film analyais {s
a most useful entry point for & QA programme, since it is
able:

)] to evaluate the problems leading to poor lmage quall-
ty, such as: positioning, motional blur, machine set-
ting, machine performance, film processing, etc.;

ii) to serve as a data base for the QA programme;

111) to serve as a tool for self-improvement of the perfor-
mance of radiographers.
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At the same time it should be mentioned that the reliable
collection of wasted filma or of information on retakes needs
the conscientious cooperation of radiographers in all depart-
ments where the analysis is made and demands that no sanc-
tions of any sort are applied for correct reporting of the
situation. In this context the method used by film producing
companies of asking radiographers to dispose of all wasted
films in a box which 1s collected and analyased periodically
connot always produce accurate results.

Let's consider that the QA programme is accepted and sup-
ported by the health authorities and radiological profession.
Next comes the problem of organization of such a programme
in order to cover all radiodiagnostic services which should
be involved. Three different levels could be envisaged:

the radiological facility:

2. an area covering a given number of radiological facili-
ties;

3. the whole country

for the definition of tasks, designation of persons to per-
form these and provision of instruments for QA performance.

Of course, in small countries, levels 2 and 3 could be com-
blined.

The radiologiocal facility's input in QA programmes is
essential and further detalls of the tasks to be undertaken
at this level will be presented later. It should be menf!o-
ned here that the facility should perform a QA programme
adapted to 1ts needa (type of equipment and x-ray procedu-
res effected). For such reasons small facilities will be
unable to conduct QA activities which need a certain degree

of knowledge and adequate instruments. There are two possib-
le solutions to this difficulty:
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- postal monitoring from a central institution supervi-
sing the QA for the whole country;

- fleld visits from an area speciallst In Qk, who will
monitor all small facilities and supervise the more ad-
vanced QA procedures in larger facilitles within the

3ame area.

6. Content of a QA programme

A quality assurance programme is defined as an organi-
zed effort aimed at ensuring that the product of a facili-
ty is of a consistently high quality, This general defini-
tion can be applied to radiodaignoais, where a QA program-
me should maximise the likellhood that the images obtained
will provide consistently adequate diagnostic information
for the least possible cost and radiation exposure to the
patient, In order to produce such results each phase of
the operation of a radiological facility, beginning with
the request for an x-ray examination and ending with the
report sent to the referring physiclan should be covered
by the QA programame.

At the same time the QA programme should be concelived
and applied from the moment the facility i{s planned, fol-
lowing the various phases of development, as seen in
Table 5.

Such a comprehensive QR programme as presented in
Table 5 could be applied only to newly planned facilities;
most of the existing facilities will have to develop a pro-
gramme adapted to phase III.
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Table 5: Phases of Development of a Radiological Facility
and QA Activities to be applied

Phase of development of a radiologleal Qa activities to
facility be applied
I. Equipment selection phase 1, Identification of ima-
Bing requirements
2. Development of equip-
ment specifications
3. Selection of appro-

priate equipment

II. Equipment installation and 4, Installation and ac-

acceptance phase ceptance,equipment
testing
ITI. Operational phase 5. Release of equipment

for clinical use
6. Routine and after

repair equipment

monitoring

6.1 Content of a QA pProgramme at the radiclogical
facility level

The following tasks should be deflined:

6.1.1 Resgonsibilit!

The owner or Person in charge of the facility must be
responsible for the Qa agtivitiea, He/she may delegate spe-
cifically thig responsibility to a radiographer or a medi-
cal physiciat with adequate training and the practical ex-
pertise to perform the necessary tests, evaluate the results
and take corrective measures.

In large facilities a Qh Committee could be envisaged.
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6.1.2 Purchase specifications

ks mentioned in Table 5, such specifications are neces-
sary to assure the most appropriate equipment for the type
of diagnostic Imaging needed by the facility. Equipment ad-
vertising often blases adequate selection of equipment, par-
ticularly i{n developing countries.

6.1.3 Acceptance testing

This is a compulsory step after the Installation of new
equipment in order to verify the performance of the machine
in relation to given parameters.

6.1.4 Routine testing

This represents the most essential part of QA activitjes
and should include:

a) criteria for image quality - defined by the facility it-
self or with the help of an expert;

b) definition of all easential parameters to be monitored -
this will differ from one facility to another, but the
following key components should be considered:

- performance of the x~ray generator

- beam limiting device

- image receptor: fi{lms, cassettes, screens, image in-
tensifler, grid, ete.

- darkroom and processing equipment

~ viewing equipment

The frequency of the routine monitoring should be esatab-
lished as well as the techniques to be used.
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¢} Definjtion of parameters which will be monitored by the
staff of the facility and of those which need outsalde
expertise. For such monitoring the facility will have
an arrangement with the area or national authority for
Qh&.

6.1.5 Evaluation of results of routine testing

This i{s necessary In order to apply any corrective mea-
sures and preventive maintenance.

6.1.6 Record keeping

Records should be kept on the following sub jects:

- persons responsible for QA monlitoring and mainte-
nance;

- parameters to be monitored and frequency;

~ atandards and criteria for image quality;

- techniques used to monitor various parameters;

- results of the monitoring and thelr evaluation;

- description of corrective measures applied.

6.2 Content of QA programme at area level

This will be siwmilar, at least in part, to that at facl-
1ity level, particularly with regard to points 2, 3, part
of 4, 5 and 6. At this level higher competence and exper-
tise is expected and some of the tasks mentioned for the
national level could also be performed.

6.3 Content of QA programme at natlonal level

Authorities at the national level could be of valuable
assistance, if properly staffed and equipped, to perform
the following tasks:
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6.3.1 Drawing up standards and regulations concerning
the QA procedures and the techniecal performance of the
equipment to be used in the country;

6.3.2 Monitoring of technical parameters of QA which
need more advanced knowledge, equipment and expertlse ;
than are avallable at the facility and area levels; '

6.3.3 Monitoring programmes for a large cross section
of facilities throughout the country to evaluate the
effect of the QA activities;

6.3.4 Training of the personnel performing QA activi-
ties;

6.3.5 Research and development related to QA program-
mes.

Professjional and scientific societies, particularly tho-
3¢ connected with the radiological profession, medical phy-

sica, ete., could play a role in QA programmes, expecially
in:

- training,
- discussion of results,

- preparation and discuaslon of sclentific papers, ete.

Manufacturers of x-ray equipment could have an important
role in developing:

- special protocols for testing some parameters;

- QA programmes for complex radioclogical equipment:

- better technical information on the performance of the
equipment, {ts suitabllity for particular geographical
and climatic areas, etoc.

Furthermore, the manufacturers could learn from the results

of QA programmes what are the major breakdowns and changes
in the function of X-ray machines.
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I have attempted to present in a brief review the impor-
tance of QA programmes in diagnostic radiclogy for the im-
provement of patient care. A rational QA programme could
also contribute to a more efficacious use of diagnoatic ra-
diology, as already pointed out in the report of a WHO Meet.
ing on Efficacy/Efficiency in Diagnostic Radiology and Nu-
clear Medicine, 1979. It {s hoped that the participants of
the present workshop will be able, using the knowledge ac-
quired here, to initiate QA programmes in their own coun-
tries and therefore to contribute to the aims mentioned in
the introduction of this paper.

. === Quality Aassurance in Diagnostic Radiology - & guide
prepared following a workshop held in Neuherberg, F. R,
Germany, 20-24 October 1980 and organized jointly by the
Institute of Radiation Hygiene, Federal Health Office,
F.R.G., GSF and WHO, WHO, Geneva, 1982, S8p.

2. Trout, E.D. et al - Analysis of the Rejection Rate of
Chest Radiographa abtained during coalmine black lung
program, .

Radiology 1973, 109 pp. 25-27

3. Beidman, R.W., et al - A Study to Develop a Rating
System and Evaluate Dental Radiographs submitted to a
Third Party Carplar,

J.Am.Pent.Assoc. 1976, 93, pp. 1010-13

i, Berry J. and Oliver, R. - Spoilt Films in X-ray Depart-
ments and Radiation Exposure to the Public from Medical
Radlology,

Brit.J.Radiol. 1976, 49, pp.475-76

wn
.

McKinlay, A. and McCauley, B, - Spoilt Films in X-ray
Departments,
Brit.J.Radiel. 1977, 50, pp.233-34
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~== Quality Assurance Programs for Diagnostic Radlology
Facilitles - HEW Publication (FDA), 80-8110, BRH,
February 1980, 139p.

. UNSCEAR - Medical Exposure - Annex G., Vienna, 31st Ses-

sion 15-26 March 1982 (unpublished)
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bipl. Phys. W. Panzer,
GSF _Neuherberg

IMAGE QUALITY-HOW CAN IT BE DESCRIBED IN TERMS OF PHYSICS

Fresently available or proposed descriptors of image quality
can be sorted roughly into 3 categorles:

1. Physically measurable numbers or functions which describe
a single aspect of an image or an imaging system, such as
unsharpnesas, contrast or nolse,.

2. Derived numbers or functions which attempt to provide some
correlation to image quality by combining or extracting the
number one descriptors, such as for example

signal to noise ratio, information capacity or various
figures of merit,

3. Descriptors of the measured performance of human observers.
Such empirical descriptors are functions like ROC-curves or
detection curves and result from the decisions an observer
has to make, whether he detects a detall or not.

1 CONTRAST

In connectlon with X-ray diagnosis the term contrast can have
a three fold meaning:

X-ray contrast
Photometric contrast
Physiological contrast

X-ray contrast and photometric contrast are only physical
descriptors; physiologlical contrast includes by far more,

but must be mentioned in this context, because X-ray contrast
and photometric contraat offer only an lncomplete description
of contrast in an Imaging situation and in general the physio-



- N4 -

logical contrast is meant unspokenly when the term contrast
is used.

1.1 X-ray Contrast

Confined to comparatively large detalls embedded in a homo-
geneous surreounding, X-ray contrast describes the different
amounts of radiation behind the detail and behind its surrocun-
dings, depending on the different absorption for both pathways
thorough the object.

With the exception of CT a direct measurement of X-ray contrast
is practically never performed. Buth this could be done by lo-
nisation chamber or spectrometric devices measuring the expo-
sure or the photonfluence. The latter method however makes

one problem evident, namely that not only the number of photons
is different behind detail and surroundings, but also their
spectral distribution. Normally when details differ only
slightly by density or atomic numnber from the surroundings,
this change of the apectrum can be neglected, because the ob-
ject altogether i3 equivalent to a heavy filtratlion and the
small difference of filtration caused by the detall is really
unimportant. But this does not hold; when contrast materials
are applied, or when step wedges made out of copper or alumi-
nium are brought into the beam. In this case It must be apeci-
fied very exactly in terms of which guantities the X-ray con-
trast is described. But not only the guantities, also the
formulas used are to be specifled.

Describing the same imaging situation all these formulas pro-
vide different results (Tab. 1), Generally K1 is proposed.

The values for K, vary between O an¢ 1 and sn exchange of

J, and J, changes only the sign of K, but not its absolute
value, like with the other definitions.

In table 2 the parameters are listed from which the X-ray
contrast depends.

Although X-ray contrast represents only the first step of
image formation, attempts could be made tc correlate the para-
meters mentioned here with quality control.
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KI = 3 -4
J, +dy
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K, = — A=), ~J;
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: J; Ad=d; =,
K o= 3
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s '] 1,

Tab. 1 Definition of contrast

Radiation quality Geometry
Tube voltage Field size
(setuing, rippie, tube current} Distances
Filtiation {Focus - object - film}
(inherent, added) )
Anode Grid _
{Material, angle, roughness) Selectivity
Focusing
Object Adjustment

Thickness, density, atomic number

Tab.2 Parametsrs influencing the contrast
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Theoretically all the parameters listed could be subject to
quality control measures. Of course not all of them can be
investigated in detail in a quality assurance program. But
it is one of the tasks of this workshop toc nominate the most
crucial parameters and to propose adequate procedures for
their control.

1.2 Photometric Contrast
1.2.1 Radiocgraphy

X-ray contrast results In a density difference, measurable
by a densitometer in terms of density or in a difference of
luminance, measurable by a lightmeter in terms of candela/m
or by usual comparison with images of standard objects like
stepwedges.

For the assessment and discussion of the photometric contrast
knowledge of the H & D curve i3 mandatory. Figure 1 shous

a typical H & D curve for a film screen combination. The shape
and the position of this curve can be quantitatively described
by 4 figures:

2

1. Sensitivity or speed, the reciprocal of the exposure
to achieve a net density.

2. The gradient, the slope of a straight line between
points on the curve on D = 0.15 and D = 2.0.

3. The maximum density achievable,

4., The fog.

All these figures, in the first place depend on inherent pro-
pertiea of the filmas and screens used. In so far the aspect

of quality control is restricted to a sufficient specification
of these figures by the manufacturer to assiat in a reasonable
selection of image recording system by the user. But there

are still other strongly influenced parameters to be considered.
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1. Radiation energy.

A change of the spectral distribution by varying tube vol-
tage or filtration will cause a shift of these curves,
increasing or decreasing the sensitivity.

The effect of the energy dependence of sensitivity Is shown
in Figure 2, for a direct film and a film screen combination.
The dependence will not be as prominent under routine con-
ditions, when comparatively brocad Bremsspectra are used,

but nevertheless, the radiation quality remains an essential
parameter which has to be specified when H & D curves are
present.

2. Another parameter, which may be of minor importance,
has to be considered with screen-film combinations, namely
the exposure time.

For example an expand of expoaure time from .2 to 2 se-
eonds can reduce the sensitivity by 30 § and a comparable
change of exposure time during the measurement of a H & D
curve can cause severe distrotions of the resulting H & D
curve.

3. The most crucial influence on H & D curve however is
performed by the film processing. In Figure 3, three H & D
curves are shown from an ldentical film screen system,
irradiated under the sampe conditlons regarding radiatlion
quality and exposure time. The two processing machines

were in proper condition and with the manual processing

the prescription of the manufacturer were strictly followed.
Nevertheless there is to state a difference in senitivity

of more than 20 % under such standardized conditions.

1.2.2 Fluoroscopy

In the case of fluoroscopy the conversion of a incoming X-ray
contrast into a photometric contrast is quite simple, as long
a3 We consider systems containing only a fluorescent screen
as image recorder.
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Tab. 3 Photomstric contrast

Unsharpnes

T
“%

Focal spot (size, shape)
distances {focus-object-film)

B, : Luminance of
viewing box

Exposure time
Object thickness
Load capacity
tube voltage (output)
tocus-film distance {inv. square law)
grid
sensitivity of image detect.

inherent parameters
Film
scraen
cassette

Tab. 4 Parametars causing unsharpness
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There exists a linear correlation between the radiation quan-
tity (in terms of exposurerate or photon flux density) resul-
ting in a straight line under 45° in a double logarithmic
plot. Higher or lower sensitivity would cause a parallel shift
of this straight line (Fig. 4).

In the case of a TV image intensifier and TV chain, three
characteristic curves are to be considered. The parameters
determining these characteristic curves are in first place
inherent properties, depending on the construction of the
d¢ifferent parta; but two external influences must be mentlo-
ned.

1. Curves for fluorescent screen and image intensifier
are energy dependent. They strictly hold for one energy
only and will suffer a shift when the radiation quality
is changed. Figure 5 shows this energy depandence of a
image intensifler. Most remarkable is the strong decrease
in sensitivity for energies below U0 keV with older in-
struments having thick glass entrance windows.

2. Another crucial parameter influences the right curve
in Fig. 4. By arbitrary adjustment of the monitor bright-
ness the user can shift the signals coming from the camera
to higher or lower values and so heavily influence the
conversion of X-ray oontrast into photometric contrast.

The quantitativ description of the resulting photometric con-
trast, is based on the different luminances by wich detall
and surrounding are imaged (Tab. 3).

This can happen by the formula for K1 where 81 and Bz are
respective luminances on the radiogram in front of a view-
ing box or on the TV monitor. But, especially for describing
the photographic contrast on film, more often the second for-
mula is used yielding the photometric contrast in terms of
density.

Also K5 = 1g By,p i3 synonymous with S =5, - 84

as can eazlly be Seen, because BO' the basic luminance of

the viewing box, is cancelled out.
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In spite of its wide use in radiography the formula for K
is suffering from a severe drawback: The eye does not see
densaity, but luminance and a contrast defined by this second
formula is evidently independent from the basic luminance

of the viewing box; and thia is quite contradictory to all
experiences made in practise, where the viewing box luminance
proves to be a very i{mportant parameter. And so all data on
densities in connection with viewlng problems are of restric-
ted value only, when they are not correlated to viewing box
luminance.

2

1.3 Physiocloglcal Contrast

How a photometric contrast appears to the observer depends
oh many parameters like

shape of detail

struectur of detail and surrounding
presence of other detaila

time of presentation

illumination

adaption, glare

phsychological factors like interest, experience and concen-
tration. All these factors are often turning round or masking

the ranking of lmage quality given by the physically measurable

contrasts.

2 URSHARPNESS

The image, even of a very simple object like an edge is asso-
clated with a certain unsharpness {(Fig. 6). The phenomena
causing thls unsharpness are well known and understood. But
atill there are some problems in defining and quantifying
this unsharpness, at least in the routine field,
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2.1 Visual determination

The most usual way of quantifiying unsharpness ls to do this
by visual determination by means of images from bar testsa,

or star patterns. Unsharpness then is figured as resolution
by the number of bars or line pairs / mm which can just be
detected by an observer as seperated lines.

In the case of star patterns the diameter of the circle on
which the total blurring of the pattern occurs is to be mea-
sured.

The usefulness of those resolution tests 1s generally accep-
ted. Especially in non destructive material testing they play

a important part and are often imaged together with the sample
to assure sufficlent image quality. But there the teat patterns

are strictly standardized; not so in X-ray diagnosis. This
leads to difficulties which appear when such values for the
resolution are to be compared or interpreted. The results
depend on experimental parameters as listed In Tab. 4.

1. This disadvantage of the strong dependence on the ex-
perimental parameters, can best be compensated by a exact
specification of the test procedure, otherwise the results
are of restricted value only.

Arbitrary influences are also introduced by the observer.
Practically this determination of presoclution is somewhat
similar to a detection, experiment, exposed to disturbing
influences, which are known from this field.

2. Another type of error can be introduced by parallel
superposition of two gratings, like the bar pattern and
the gridlines or the bar pattern and the TV monitor lines.
Moiree-effects can obscure the resolution provided by the
imaging system i{n such sftuations.

2.2 Modulation Transfer Curve

Facing all these difficulties, one can understand, that there
was a great need for a method to describe unsharpness of a
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System more precisely and this leads to Transfer Analysis

and the Modulation Transfer Function.

Measurement of MTF s too complicated to be proposed for qua-
lity control of installed X-ray facilities, but one aspect

of quality is also to asslst the proper selection of X-ray
diagnestic equipment and the proper cholce of physical exa-
mination parameters; and in this field MTF can be very help.
ful.

The determination of MTIF is based on the microphotometrical
evalution of images of slita, edges or bar patterns (Fig. 6).
By calculation, namely the application of Fourler analysis,
the MTF of a system can be determined.

The correlation with the visual methods is given by the some-
what arbitarary threshold line; the points where MTF meets
the threshold line indicates the higheat spacial frequencies
detected by an observer.

The benefits provided by the use of MTF are:

1. More information about how structures are imaged; more
than glven by a single value for resoclution.

2. Posalbllity of combining MTF of subsystems.

3. Application for optimisation of physical parameters
of an examination. The still remaining shortcoming of
using MTF, however is, that there exists no generally
accepted criteria for the interpretation of MTF when
€.g. two curves are crossing over (Fig. 7). Unless, the
detajils to be detected are not described in terms of
spacial frequency, which is very troublesome and often
impossible. MTF are of restricted value for recommending
imaging systems for different X-ray examinations.
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3 NOISE
31 Radiography

In radiography the noise plays a minor part from the stand
point of quality control. Once a imaging system is selected,
noise can be considered as a constant, system inherent pro-
perty which does not change in the course of time. In the
stage of selecting a system, noise is to be conaidered, and
there is a strong need of specification of its value by the
manufacturer. In Radiography, noise results from three sour-

ces:

1. Film granininess, which can be neglected, because it
is by far the smallest contribution regarding film screen
combinations.

2. The guantum mottle caused by the statistical incidence

of the photons.

Assuming that O.)ImR is necessary to achleve density 1 only,
5000 photons are absorbed per an? in a high sensitve secreen.
Thus small, low-contrast details may be mashed or obscured
by statistical variations.

3. Structure mottle i3 caused by the grainy pattern of the
screens. In additlon inhomogeneities of the screens can
give rise to a disturbing background.
Quantitatively ncise gan be described by the

1} Selwyn measure of granularity

G = ag MFF

where g is the standard deviation of a serjes of density
measurements in a homogenously exposed screen film combi-

nation and F {s the area of the scanning spot of the den-
sitometer.
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2} Wiener spectrum

=Gl M

W) o

G: Gradient, M{»)}: Mod. Transf. Function
nh: average number of absorbed photons

3.2 Fluorescopy

By far more important nolse can be in fluoroscopy; 20 JuR/s
correspond to 120 photona/mn2 within 0.2 secondas (assuming

50 % absorption in the entrance acreen of a2 image intensifier).
Noise performance of electronical equipment cannot be conside-
red as conatant over long periods. There i3 a great need for
quantifying noise better and more reliable then by the visual
impression. The most common way is to measure noise by the

use of a RMS meter, but this method i{s not widely accepted
outaide of the manufacturers laboratories.

4 IMAGE QUALITY AND PHYSICAL IMAGE DESCRIPTORS

The great problem with the physical image descriptors is,
that they are somehow correlated with image quality, but do
not describe {mage quality. Unless there are no generally
accepted recommendations or criteria, how images are to be
in terms of the physical image descriptors, they are only
of restricted value for quality control purposes.

4.1 Contrast

It is often stated, that X-ray imaging systems should provide

a high contrast, But what {3 to be understood by a "high con-
trast"™? The problem is not as slmple as to say: the higher

the contrast, the better the images. Most of the objects con-
taln anyhow details with high subject contrast {like bones),
which are therefore imaged with very high contrast. The presence
of such high contrast, however hampers the detection of very

low contrast, as it is known from detection theory and the
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high-contrast detajls may mask the low-contrast ones. In addi-
tion, the range of object thickneas which can be imaged simul-
taniocusly is decreasing with systems providing higher contrast;
but where a compromise is to be made, for the varjous examina-
tions, there exists no general agreement up to now.

4.2 Unsharpnes

The same holds for unsharpnes. A 3yatem i3 not necessarily
better because of its higher resolution. Of course there are
examinations like mammography or angiography where high reso-
lution is mandatory, but for other examinations the importance
of resolution is not as elear. Highly resolving systems require
higher doses (alsc to the patient} and perhaps longer exposure
times causing higher motion unsharpnes. Finally, the sharper
an imaging system, the sharper its own distrubing noise is vi-
sible; again there i3 a lack of reliable, generally accepted
data in which range the reaolution of a aystem should be to
provide optimal or at least acceptable {mages, for the diffe-
rent X-ray examinations.

4.3 Noise

Considering only the finished image and the details which
can be detected in it, a image {s the better, the lower its
noise level, Low noise systems however are demanding high
doses, causing the same troubles as mentioned above.
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Prof. Dr. med. F.-E. Stieve,
G3F Neuherberg

WHAT IS A "DIAGNOSTIC QUALITY" IMAGE FORM THE VIEW POINT
OF A RADIOLOGIST?

The probliem of comparing medical radiographic images is
nearly as old as the application of x-rays for diagnostlic
purposes. The medical profession itself does not want to
diagnose a pathological condition, but it also wants to
control the success or failure of the treatment and follow
up the pathological process involved.

In order to compare radiological images it 1s necessary to
ugse standardized views produced by so-called standard posi-
tions and to produce them under optimal conditions. Accord-
ing to Heinrich Franke's definition in one of his lectures
on "the optimal x-ray image and its technical conditions®
in 1938, optimization means that optimal conditlons exist
when motion unsharpneas, geometric unsharpness and photo-
graphiec unsharpness or material unsharpness have equal in-
fluence. The other technical parameters - especially the
necessary contrast of that part of the body which is of
diagnostic interest - should be chosen i{n order to produce
a harmonie image. Thias 1s an image which reproduces the
parts of the body under examination under optimal viewing
conditions. Franke demonstrates the wmain factors of radlio-
graphic image quallty in a schematle drawing from Jerman
with correct size, definition and contrast. I would like
to present this old diagram at the beginning. This is only
to demonstrate that the problems of image quality are aa
old as the radiographic technle itself.

You will find nearly the same wordings in modern booka on
radiographic quality such as the book of Daniel Donochue.
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Fig. 2: Analysis of Radiographic Quality after
D.P. Donohue (1980)
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In order to produce a radicgraphic image under optimal con-
ditions the medical profession has to define what "details"
it likes to see In order to get a picture that meets the
requirements of sufficient quality. This means always a
compromise between the possibilities of producing an opti.
mal image and the dose which is necessary to fulfil the re-
commendations of the International Commission on Radiolog-
ical Protection. In other words:

How bad can an image be to meet the requirements of the
demand: as low as readily achievable.

The radiologists define the concept "detall™ as a part of
an ob ject which ¢an be recognized by its density, chemical
composition, size, form or attenuation. In other words, a
part of an organ or tjssue which can be defined or sharply
be outlined against other parts of the same organ or tissue.

DETAIL =

PART OF AN OBJECT WHICH CAN BE RECOGNIZED
BY ITS DENSITY, CHEMICAL COMOPOSITION, SIZE
FORM OR ATTENUATION DIE TO X—RAYS.

Fig. 3 DEFINITION OF DETAIL

RADIOGRAPHIC QUALITY =

VISIBILITY OF STRUCTURAL DETAILS WHICH ARE
ESSENTIAL FOR THE REQUIRED DIAGNOSIS OF
SUSPECTED OR CLINICALLY RECOGNIZED PATHO-
LOGICAL CONDITIONS OF DISEASES.

Fig. 4  DEFINITION OF RADIOGRAPHIC QUALITY
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Therefore, we must answer the following questions:

- Which details are essential for diagnosis?
(size of the detajls)
- Which contrast is necessary?
(necessary detail contrast)
- Which movement is attributed to them?
(motion unsharpness)
-~ Which dose is necessary to produce the dlagnostic infor-
mation desired, under optimal conditions?
(optimization)

Anatomical structures of the body vary considerably in size,
shape and thickness. In addition, they overlap each other
and are superimposed, while lying at different distances
within the exposed part of the body. Some of them are only
perceptible through the effect of summation, others are
hidden due to the same process. It is therefore essential

to measure the size of the parts or details of interest.
This !s mainly done by means of radicgraphiec images or ra-
diographs of pathological specimen the pathological process
of which is known.

Since {t i3 also necessary to evaluate their contrast both
conditions are usually summarized in one representation,

It is therefore recommendable to define first the term
"contrast®. This is the difference in intensity of two neigh-
bouring parts of an image.

Usually the contrast is expressed as radiation contrasat,
i.e. the relation of the dose of twc neighbouring image ele-
ments, which can be delineated in front of an imaging system.
On the other hand, the image contrast of a radiograph 1is
defined as the relation of light intensities in the visible
light.
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The contrast 1s usually expressed in the formula;

Ly - L,

L1 + LZ
or if you measure the contrast of an x-ray film as:
C= AD1- AD 2

Since the film does not record the contrast linearly, (it
1s better to record the contrast as radiographiec contrast,
either by measuring the dose or by calculating the dose by
analysing the light Intensities and transferring the data
by considering the part of the denaity curve of the film.
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In Fig. 5 the size and contrast in bone structures are dis-
played. It can be seen that even in the case of small frac-
tures or structural changes the minimal size of the details
is mainly above 1 mm in diameter, while the diameter of the
spongiosa lies in the range of 0.% to 0.6 mm. Nearly the
same conditions are found within the lungs, where the normal
lung structure shows sizes of about 0.8 to 5.0 mm; chronle
proliferative and indurative processes showed sizes of 0.7
and 7.0 mm and nodular changes are in the range of 1 and
6 mw. I have also found such details within the kidney and
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the smaller vessels, in the latter case in angiographies.
Bigger slzes are usually found in gallbladdera. Gallstones
mostly have a size of several millimeters. The slizes of de-
tails in several important organs are listed in the next
table:

organ min. max. mean value
lung 0.25 20.0 2.5
vessels 0.1 20.0 5.0
gallstones 1.5 10.0 5.0
gallvessels 1.0 10.0 T.0

bone 0.2 10.0 1.5
Sizes of detailas in different organs in radiograms
{(in mm)

The radiographic contrast of the part of the body under
examination is affected by the radiographic denaity of the
details, the tissue thickness of the exposed part, the field
size and therefore the exposed volume and the radlation gual-
ity of the beam itself. The radiographic property of the
contrast is influenced to a great extent by the patient fac-
tors. Those are mainly due to the different tissue denslties.
The higher the effective atomic number and the denser the
structure of the organ, the greater i3 the opacity of the
tissue that contains those elements. The highest density

and therefore the highest opaclity is usually found in bones,
the density of muscles corresponds mainly with that of water
and the density of fat i3 lower. Air reduces the opacity

to radiation, while other organs which contain fluid have

a higher cpacity than normal.
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Fig. 6: Contrast of gallbladder stones in a gall bladder
filled with contrast media

The effective atomic number per unit of exposed body dia-
meter therefore determines the density of the radiograph.
Fig. & demonstrates the dependency of the contrast within
the gallbladder filled with different concentrations of
contrast media.

One can take as a rule of thumb that it is useful for a

s0 called harmonic radiographlc image to produce contrasts
in the size of 20 to 30 ¥ within the details of interest,
as the eye i{s unable to perceive contrasts lower than 10 %.
On the other hand the observer cannot perceive the density
gradient in details wich high contrast. Therefore it is ad-
visable to use lower radlation qualities, expressed in ki-
lovoltage (60 - B0 kV) for the examination of small bones
(hands and feet) and organs filled with jodine contrast
media, medium radiation qualities for radlographs of organs
with higher contrast such as radjographs of the abdomen,
pelvis and the vertebral column and high radiation quality
of about 100 - 125 kV for radlcgrapha of the lung and other
organs filled with air, eventually together with barium con-
trast media.
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One factor which has a great influence on the radiographic
image is the amount of scattered radiation which 1s con-
tained in the Image. In measuring the amount of fog due to
the radiation scattered in the body, one can state that
there hardly exists a part of the body, except the extrem-
ities, where the amount of scattered radiation !s lower
than 50 £ on the exit side of the radiatlon beam.

AMOUNT OF SCATTEAL D NACHATIONS W RADIOGRAPH OF THE LUMNG
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Fig. 7: Scattered radiation 1In lung images

Fig. 7 demonstrates the amount of scattered radiation in
standard lung radiographs. In the lateral view the amount

of acattered radiation ljes between 65 and 90 percent on
the exit side of the radiation beam.
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It is therefore necessary to reduce the radlographic fog,
which 13 caused by the scattered radlation, to a minimum
since the reduction of scattered radiation is a major aspect
in every radiographic procedure not only because of the image
quallty but also for radiation protection purposes. The re-
duction of radiographic fog increases the visibility of the
recorded image and the radiographic detail contrast, which

is extremely necessary to detect small details with low con-
traat.

The most effective ways to reduce the amount of ascattered
radiation are:

- beam restriction to the field of interest
- use of grids and, If possible,
- reduction of the tissue thickness.

Bosv Fig. 8:
Influence of
scattered radiation

L

1 roies ’ in contrast and
re?
Mn resolution
v Vo1 1 41 & Tam (r = grid ratlo,

o.R = without grid)

Fig. 8 demonstrates the influence of fog on the image con-

trast of amall details - the use of radlographic grids ia
therefore especially useful - when exposure with high radia-
tion quality 1s used.



- 68 -
3
75 e \-—--—-;r..:-—---—.-—;—-—-._---l-_--...
=
/.
o
30 < +
Thuchnass of the phantom — 19
IR
28
1
s000 1000 15060 26000 25000 em?

Fig. # Scanered 1adunion behing the Obpect related 10 the volume

Fig. 9 demonstrates the influence of flield size and thick-
ness of the body on the amount of scattered radiation and
Fig. 10 shows the improvement of contrast when using high
efficiency grids and reducing the field size.
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Fig. 10:
Dependency of the
amount of scattered
radjiation on field
size and thickness
of the phantom
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The contrast improving factor Increases Wwith the efficiency
of the grid, usually expressed as grid ratio, and inverse
with the field size. In most cases the radiographic contrast
i3 transferred to the film, where it is recorded as film
contrast, Since the characteristic curve of the film has,

at its lower end, a curvillnear form and is only linear in
the area of densities between density levels of about 0.8
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to 2.5 the transfer of the radiographic contraat is recor-
ded in the lower dose range with lower levels than in the
higher dose range of the same radiographic image., Thls wmeans
that the contrast-transfer-factor i{s changing with the dose.
In the lower dose range of the radiographic image it is be-
low 1 and in the higher dose range usually sbove 2 since

the gamma of a radiographic film is about 2 to 3 in the 1li-
near part of the curve. This effect increases with the amount

of scattered radiation.

5
= Fig. 11:
- Characteristic curve
/ / of a radiografic
1 film with and with-

outh scattered radia-
tion

ds ) e ———

1 ° 100 1000

Fig. 11 demonstrates this effect. A3 most of the important
detalls which are easential for diagnosis lie in the lower
dose range of the radiographic image the reduction of scat-
tered radiation ia one of the most effective methods of re-
ducing the amount of unwanted radiation directed towards

the detector and does therefore improve the contrast of the
recorded image, even in the case of special radiographa such
as mammography.

Some physiological conditions characterize the optimal mean
density of a good image. Under optimal viewing conditions
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the human eye 1s able to perceive differences in contrast
in a range of latitude of about ' : 30, If one considers
this slze of the recorded densities {n the part of the ima-
ge which should be used for diagnosis, the density range
should be between 0.} and 0.2 to 1.6 and 1.7. Thia means
that the medium density of a recorded image should be about
0.8 and 1.0 (Fig. 12).
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Fig. 12; Senaitivity of the eye

Several examinations of films with different mean densities
demonstrate the validity of thls observation (Morgan, Fran-
ke and others). If the recorded mean density is higher the
viewer i3 usually unable to detect details outside the des-
ceribed physiological range unless he concentrates the view-
ing field only to those dark areas. This effect is called
glare-effect.

The rule that the radiological film should have a mean den-
sity of about D = 0.8 to 1.0 is applicable to each radio-
graphic image and is therefore the basis of the automatic
exposures of the recorded radiographlie image. In all cases
the region of interest - the so-called "dominante® should

be in the above mentioned range, the perceptible densitles
in the range of about 0.2 to 1.6 and the percentage of dif-
ferences higher than 10 %. In a so-called harmonic image

the image contrast should not be more than 20 %, as the eye
is not able to perceive details between high contrasat levels
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and therefore the overall distribution of densities should
be around the mean value.
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In Fig. 13 the gdetajl-contrast in relation to the area of
density demonstrates the harmonisation effects in an x-ray
image of the lung with 150 kV in contrast to ons image with
low kilovoltage, The details within the lung are hidden in
the low kilovoltage range behind the structure of the ribs,
while the contrasts are nearly homcgenousaly distributed in
the high kilovoltage with grida when details in the lungl
are to be diagnosed while in those cases where gqueastions
within the bone part of the thorax are to be considered low
kilovoltage should be used. In order to detect details, the
zone between two levels of intensity - generally expressed
as "unsharpness®™ - should be small. Otherwise the eye is
not able to percelve those differences. It is therefore ne-
cessary to relate the image of the structures and the shape
unsharpness to the central ray. In reducing this unsharpness
to a minimum level it is therefore necessary to center the
alignment of the structures of interest to the central beam
of radiation. In some cases it is therefore advisable to
record the structures in several projectlona. In thls case
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the rays should be parallel to the border of the detail and
produce a detectable contrast with minimal unsharpness re-
suiting from the shape of the structure. This effect is cal-
led tangential effect. Typical examples are fracture linea
in the bone and effusions in the interlobar space of the
lung. Those pathological conditlions can only be detected
when the above mentioned conditionas are fulfilled.

Motion is one of the most detrimental factors contributing -~
to image unsharpness. In diagnostic radiology certalin exa-
minations especially such as performed in children and in-
fants, emergency and operating room patients, examinations
in intensive care rooms and with mebile units, are prone

to problems of motion,

Motion can be classifled into several typea:

- voluntary motion
- inveoluntary motion

By means of positioning and fixation of the patient the main
problem of voluntary motion can be overcome. This is known
to be very difficult in the case of the examinaticns of
children, unconscious persons and sometimes also elderly
patients. Involuntary motion on the other hand cannot be
influenced by positioning or other technical methods. This
type of motion is attriputed to the physiological actioen

of various organs of the body. In analysing the type of mo-
tion we must make a distinction between the motion of the
organ itself, l.e. peristalsis, pulsation, streaming and
active or passive change of organs by conditions of filling
and motions which are influenced by movement of neighbour-
ing organs - in this case pulsatoric comovement. Movement
of the different organs by breathing and other voluntary
and involuntary movements should be mentioned.
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In all those instances the length of exposure time ia the

most effective method for controlling the unsharpness., The
degree of the unsharpness of the radiograph depends mainly
on the veloecity of motion and the amplitude of the motlon.
As probably the velocity remains the greater factor we are
measuring the motlon velocity in several organs.

In Fig. 14 the different velocities due to the action of
the heart are presented in an anpalytical acheme. The maxi-
mal velocity can be found at the border of the heart itself
and the large veassels.

In 50 $ of the cases it comes to about 100 mm/sec but there
are also greater velocities at the border of the arteria
pulmonalis and within both hili. The lung as a whole parti-
cipates in this movement with velocities of about 10 to

20 mm/sec. Similar movements can be recongnized in the upper
abdomen, mainly in the kidneys in the different phases of
the dlastole and systole and, of course, by the peristaltic
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movement of the alimentary tract. In the latter case the
velocity lies in the range of 2 to 10 mm/sec. Considering
the velocity and the amplitude of the motion it is possible
to eliminate the motion unsharpness within a radiograph by
limiting the exposure time to certaln levels. They are pre-
sented together with the size of motion in Fig. 15.

organ molion valociny oplimal expolure ime
in mm/usc in mcec
heart 50 - 400 mm/wc 5 miec
lung
wessels
oesophagus 50 - 200 mm/wc 10 muec

betund the heart

upper abdomen 15 = 15 mm/sec 100 — 200 msec
(stomaech, spleen,

liver galiducta,

kidney)

organs not 0 - 10 mm/sec 100 — 200 musc
immobilised
v itbral column

MOTION VELOCITY AND APPROPRIATE TIME OF EXPOSURE IN RADIOGRAPHS

OF ORGAN N MOTION
Fiy. 18

The dose is at least mainly a function of the sensajitivity

of the recording system. The lower the dose required at the
detector system either screen/film system or image intenai-
fier syatem, the lower i3 the exposure to the patlient.

In recent years a number of new chemical compounds containing
rare earth elements are used under this term as intensifying
screens. The major advantage of those intensifying screens

is the higher absorption of {onizing radiation and therefore
they have a greater emlasion of visible light. Analysing

such screens several authors atate that the sensitivity is
about two timea higher than that of calcium tungstate screen.
It seema therefore desirable to introduce generally those

new types of intensifying screens. The advantage of the new
screens lles in the reduction of the dose or the improvement
of the definition, or both. As in moat cases of examination
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of the thorax and abdomen the level of unsharpness is mainly
due to the motion unsharpness, it is also advisable to use
intensifying screens of the parspeed type. In units which
can produce only low dose rates it is generally advisable

to apply high speed screens.

From the medical point of view the problem of image quality
is manifold. It is not only a question of the radiographic
image itself but also one of applying the most appropriate
examination method (efficiency) and of course of the indi-
cation for the most useful method to recelve the informa-
tion and diagnoais desired {efficacy).

INDICATION SELECTION OF PERFORMANCE OF THE
PFROCEDURE RADIOLOGICAL EXAMINATION
EFFICACY EFFICIENCY QUALITY
REFERRAING AADIOLOGIST RADIOLOGIST AND MEDICAL
PHYSICIAN AADIOLOGY TECHNICIAN
Fig. 18 ANALYSIS OF RADIOGRAPHIC QUALITY

When analysing the radiographic quality of a recorded image
the greatest influence on this multiple factor syatems has
the malfunctioning of one part of the equipment aystem. The
multiple factors that influence the radiographic system must
therefore be identified and examined. Fig. 17 summarizes
again those technical factors which mainly contribute to

the production of an optimal image. A bad image which has

an inadequate contrast or an insufficient or excessive den-
sity or does not have the required resolution cannot be used
for a proper diagnosis, as the viewer cannot adequately vis-
ualize the structures of interest.
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Fig 17 FACTORS WHICH INFLUENCE THE QUALLITY OF A RADIOGRAPHIC IMAGE

Usually each factor influencing the image quality by mal-
functioning of one part of the system increasea the dose

and reduces simultaneously the diagnostic quality.

It seems therefore neceasary to identify the major proper-
ties of the visible image and the factors that influence

it. This is the baslec and essential need in order to avoid
or overcome the errors inherent in this complicated techni-
cal system. The challenge which i3 again expressed in the
recommendations of the International Commlsaion on Radiolo-
gical Protectlion and the workshop of the World Health Organ-
ization on efficacy and efficlency to develop and adopt pro-
grammes of quality control and quality assurance in diag-
nostic radiology should lead to an improvement of the diag-
nostic quality and of the diagnostic procedure and to reduc-
tion of wastage. This is equally important in industrial

as well as in developing countries,
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Fig. 18 CONDITIONS INFLUENCING RADIOGRAPHIC QUALITY

Summary :

An image of optimal radiagraphic quality must possess suf-
ficient atructural definition, with a minimum of diatortion.
It must have proper density and contrast in a range which

is defined by the physlological conditlons of visibility.

To evaluate the guality of the radiographic image the major
properties which influence the quality of the recorded image
must pbe identifjed from the medical point of view. The visi-
bllity of the recorded image - this means the reproduction
of the information, which i3 produced in the x-ray beam by
interacting with the part of the body penetrated by the
ionizing radiatioen - depends mainly on the factors: defini-
tion, contrast, mean density, projection, motion and the
required adose. In order to translate the information, car-
ried by the radiation image, into a visible form suitable
for interpretation and diagnosis it is necessary to evaluate
the properties of the anatomical details which are the baals
of the medical diagnosis i.e. detail size, detail contrast,
their geometrle properties and the properties of the record-
ing system.

Modification of one exposure factor fregquently results in
change of more than one property of the radiographlic image.

Malfunctioning of one part of the system diminishes image
quality and increases the dose.
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Quality control and quality assurance is therefore the domi-
nant factor to improve the diagnostle quality, reduce dose
and wastage.
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¥-RAY TUBE AND X-RAY GENERATOR

Before talking about the systems mentioned above, some de-
finitions will be given:

~ Tube means an x-ray tube, unless otherwise specified.

= Tube housing assembly means the tube housing with tube in-
stalled. It includes high voltage and/or filament transfor-
mers and other appropriate elements when they are contalned
Within the tube housaing.

- Variable aperture beam limiting device means the beam limi-
ting device which has capacity for stepless adjustment of
the x-ray field size at a Biven source-image receptor di.
Stance. ~ X-ray high voltage generator means a device which
transforms electrical energy from the potential supplied
by the x-ray control to the tube operating potential.

- X-ray control means a device which controls input power
to the x-ray high voltage generator and/or tube. It includes
equipment such as timers, phototimers, automatic brightness
stabilizers and similar devices which control the technique
factors of an x-ray exposure.

~ Automatic exposure control means a device which automatic-
ally controls one or more technique factors.

Tube Housing Assembly and Tube (Fig. 1 - 10)

The most important parametera influencing image quality are

focal spot size (sharpness)
tube rating (exposure time)

kilovoltage applied to the tube
{contrast and penetration)



- g2 -

Tungsien Tatpel

Filgmenl w Siol

Stationary Anode Tube

_83-

Fig. 1

€ mciron

Boam Elagtion Basm !
[]] a:m.T-—:f']I:l:

Repeiing Fuig o

Cathoce
Block

END
SECTION VIEW

b)

w_Intulator
Pow

The Cathode Block

Fig 1

AnQae Angie

A= scva
| /—

Crgsn-pechon of Eiptiran Hedm \ I

‘ - P ALlua Foce) Ared

4 Agoarant Focat Ares

Line Focus Principle

Lepd Shemlcung Wirgw

T Evpsnsion
Ballows

Tune
Thermai

Cut-om
Swiich

Traastoimar O

Stationary Anode Tube Shield

Fig. 2

Fig. 4




- B4 -

- g5 -

Qlr- s € gl Brock

Einciron Basm

~ Tunplon Anoos Diec
The Rotating Anode Principle

Fig §

a) Assembled

Secutehp Mul Molybdenum Stem Baanings Support

b) Exploded

The Rotating Anode Assembly

Giass Enveiooe

A Rotating Anode Tube

Fig. 7

Fig. 6

Lrpansion Beiows  Teanslormer O Fubs X Ray Wenaow  Sig10f Cou

Rotating Anode Tube Shield

Fig. 8



- §7 ~
- Bp -

Other parameters of some influence are

extrafocal radiation,
anode angle and proper function of the

variable aperature

beam limiting device,

smapy Pians

Fig. 11
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The focal spot has for practical work a direct relation to
the sharpness in the image produced by central projection
(Fig. 11). But not only the linear dimensions of a foeal spot
are of importance. The distribution of the emlission centers
is relevant. This {s shown in Fig. 12 - Fig. 13 for different
focal spot sizes.

The modulatijon transfer functlion {MTF) has been calculated
and one can see that focal spots of different linear dimen-
sions sometimes lead to a less favorable MTF, although their
linear dimensions are quite small.

The kilovoltages and spectral distribution of emitted radia-
tion depend on the properties of the tube in certain respects
because the construction of the tube and tube housing limits
the applicable voltages.

Their setting and the possibilities to set them at a correct
absolute value depends strongly on the X-ray control system
and structure of the x-ray generstor (Fig. 14, Fig. 15).
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The tube rating is of importance because a high tube rating
means a high output and this again means a short exposure
time and little influence of patients motion on the sharp~
ness. The possible tube rating is directly related to the
focal spot size. It depends on the high voltage waveform pro-
duced by the x-ray generator (Fig. 16, Fig. 17).
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Extrafocal radiation (off-focal radiation) belongs to the
properties of an x-ray tube itself. But its influence depends
on the construction of the beam limiting devices, i.e. va-
riable aperture as well as fixed beam limiting devices

(Fig. 18).

b..,kuin

Fig. 18
omctocnl Radmban

S Fael Radinion area

In principle, such a beam limiting device should consist of
two well adjusted limiting diaphragms. One should be as near
as possible to the focal spot and the other one should be
placed as far as possible away from the focal spot. In prac-
tice, there are limits for this requirement and the align-

ment of the shutter leaf diaphragms in no case i{s really per-
fect.
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The amount of extrafocal radiation can be estimated in differ-
ent ways. One way 1s just to estimate the range within which
extrafocal radiation can be seen when the beam limiting de-
vice confines the x-ray fleld to a certain size. This gives

an impression of the area covered by the extrafocal radiattion.
Measurements can be done via photometric svaluation of films
exposed to extrafocal radiation and to the total radiation
coming from the focal spot. The amount of extrafocal radia-
tion measured as dose rate compared to the total radiation

ls in the order of magnitude 5 % to 20 §. Modern tubes usu-
ally have an amount of 5 % to 10 £ of extrafocal radlation.
Experience has shown that in the radiographs themselves no
significant difference can be observed in the case of 5 1,

10 % or even 20 % of extrafocal radiation.

The spectral distribution of the extrafocal radiation 1=
nearly the same as that of the focal radiation with a slightly
reduced high energy portion.

The intensity distribution in the useful beam depends on the
ancde angle and age of the anode (Fig. 19).

Shigis Window

Fig. 19

Typical Intensity Distribution Curve
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Fig. 20

The total filtration of the tube housing assembly within cer-
tain limits serves the purpose of preventing low energy radia-
tion from impinging upon the patienta (Fig. 20).
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Ihe X-Ray Generator plus X-Ray Control:

The high voltage is produced by a high voltage transformer

and is then rectified by the x-ray tube itself or by recti-
fiers (Fig. 22 - Fig. 24),

This results in different wave forms of the high voltage
applied to the x-ray tube. (Voltages are usually "peak kyn

and not RMS-values). The generator controls furnish the power,
this means kilovoltage and tube current, to the x-ray tube.
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During exposures there is the possaibility to diminish the
tube rating depending on maximum anode temperature. The tube
rating depends on the high voltage waveform too and is dif-
ferent for instance for 6 pulse generators of full wave rec-
tification (Fig. 17). By definition, the automatlc exposure
control belongs to the x-ray control. Usually it is an loni-
sation chamber which is placed in front of the film behind
the grid (Fig. 25). It switches off the x-ray generator as
soocn a3 the necessary dose has been accumulated. The amount
of this dose depends on the film-screen-combination used in
each particular case.
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Fig. 25

The lonigation Chamber

Fig. 23

For fluoroscepy the x-ray control controls the high voltage
as well as the tube current in a way that {s given by expe-
rience. Usually the current and high voltage go up and down
in the same sense, which means low voltage and low tube cur-
rent and high voltage and highest possible tube current
(Fig. 26).



- 96 -

—
‘b,l; el e Do — =
F—————— — — 10R/pun. - — ="

e ———

Fig. 26:

Automatic
_____ S ] dose
rate
,-“ [ PR — . - 1_
. R ~_]' - econtrol
- I D mA v k¥ IR
Fap e - - - -z " 4e.5
— appr dgstraleat s
_ e ime—ne. W4Em focyg islmnce
: tﬁéﬂlt Fllration: Jmasdll
1 - R SR IFAPY
Wt t T s t t t T -
o &0 Jo <00 kv

During the last yeara, a new trend in high voltage generation
has come up. It is called "converter-inverter-technique” or
"Multipulse technique” etc. Its principle means to rectify
the low voltage and to produce an alternating voltage of
3000 to 6000 cycles per second by means of an inverter. This
alternating power is supplied to a high voltage tranaformer.
The resulting high voltage is rectified and supplied to the
x-ray tube.

The advantages of such a system are: Very small dimensions
of the high voltage circuit and the possibility to control
the high voltage and power via the primary circult as well
as via the secondary circuit, very low ripple althoug small
smoothing capacitators are used.

If this trend continues in the coming decade, X-ray genera-~

tors and x-ray controls of this type will become very popular.

Origin of Pictures.

All pictures belong to publications that are the property
of a manufacturer of x-ray systems, except No. 14 and 15.
No. 14 and 15 were copied from a Thesis by Gudmund Svahn,
"Diagnostic X~-ray Spectra"™ Radiation Physics Department,
University of Lund, Sweden, 1977
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Dipl. Ing. J. Niepel
Siemens AG, Erlangen

IMAGE RECEPTORS -
FILM-SCREEN COMBINATIONS AND IMAGE INTENSIFIERS

The radiation profile behind the patient is a non-visible
image with different fntensities and energles. It depends

on the primary x-ray spectrum and the penetration of the
object. The radiation profile haa to be converted into vias-
ible 1light. To reduce the necessary dose as much as possible
we must look for converters with a high intensification fac-
tor.

The first converter was the fluoroscopic screen. It was low
in light ocutput and resclution. Good adaptation was necessary.
Scon the documentation on film was introduced. Cassettes with
dirferent screen-film combinations are also today the basis
for diagnosia.

In the Soth the x-ray image intensifier was introduced. In
the beginning the output image was viewed directly by a
special mirror-optic-system. Later a television-chaln was
adapted to its output. The next step was to introduce a beam
splitter or light distributor. That gave the possibility to
adapt a tv-system and a photographic camera. The images wers

recorded on 70 mm roll-film, later
105 mm roli-film. This medium-size
rather quickly. 30 it was possible
6 frames/second. For heart-studies

on 100 mm sheet-film or
filma could be tranaported
to do fast series up to
however this was not fast

enough. So the cardiclogiststried firat took cine pictures
from the tv-monitor. The quality was improved by adapting

16 mm cameras directly to the image intensaifier. Today only
35 mm cameras are used with a really high image quality. The

latest development in conventional

radiology is digital im-

aging. To allow all the posaiblilities of manipulating tv
images via digitizing it is necessary to have a high quality
image intensifier and televisjion chain,
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Intensifying screens

The first fluorescent material used for intensifying screens
was calcium tungstate, discovered by Edison in 1896. Inspite
of discovering also other phosphors as lead barium sulfate,
the application of calcium tungstate lasted over BO years
and 13 used still today.

Year |X-ray Shon-wave | Manmum Trans Density Crysiat ingex
phasphot absorplion | emission at {ormaton systom relracton
chsconbnuty intq hght n
1896 | CaWwo, 635keV | 425am 40 68giom’ | ietragonal |19
1940 |BaSO.Pb | 374keV | 350nm 5 [ 448gicm® | othorhombxc | 1.6
1969 {La0Br: To 3896V 437 E 13e 628g/em’ | heagonal 23
3 44 jem?
1972 |(Ba.S1)SO, Eu |374keV | 380 8% 391 °™ | ohorombec | 16
1975 | BaFCt Eu 374ke¥ [ 385nm 12 456gem’ | ohorombee | 1.6

1972 16d055: 6 |502kev  [545nm 152 744giem’ | cube 6

1972 [0S To 389V | 545mm 12% 554giem’ | hexagonal |22

972 V0S5 o [17 ey |N8mm

3
545 nm 8% 50 g/cm”  |cubk 18

bke 2] (peen
geen | ewsson

The introduction of the double emulsion film in 1923 brought
the first big step for higher intensification by the use of
two screens - on each side of the film one. In 1965 Siemens
introduced the screen type "Special™ which had double the
intensification of the "Universal® screen.

In 1972 Buchanan et al proposed the first time the use of
rare earth oxisulfides. This was a significant step forwards.
At the beginning gadolinium and lanthanum oxisulfide, emitting
light in the green range of the spectrum were used. All pre-
viously used screens emitted however in the blue range. For
the rare earth screens it was now necessary to make new types
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of film, eapecially sensitized to green light. Alsc the dark-
room illumination had to be changed. To avold these disad-
vantages, many screen manufacturers used other rare earth
phosphors f.i. the blue emitting lanthanum oxibromide. The
market was divided Into "blue" and "green™.
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To undersatand the next it is necessary to know the fundamen-
tal difference for light emission between calcium tungstate
and the rare earth substnﬁccs. The luminescence process in
calefum tungstate takes place in the outer electron shells.
Thia gives & wide emission curve with & maximum Iin the blue
range. The luminescence process i{n the rare esarth phosphors
occurs within the inner 4§ f ahell protected by the outer
shells. Therefores we have a line spectrum.

For Yttrium-oxisulfide it {s possible to activate emission
at 418 Jum {(blue) and at 545 yum (green).
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This phosphor i3 the basis of the Titan 2 screens. They can
be used with blue und green sensitive films as well. Also
the exposure values for both systems are the same for the
same film density.
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Not only the emission color but alsc the other characteristics
as intensification factor, modulation transfer function or
simplier the sharpness or resolution, the voltage response,
the lifetime, the mechanical and electrostatical properties
-are important.

To understand that, we may look at the composition of an
intensifying screen. The firat layer on the supporting ma-
terial (paper or plastic material is a reflection or absorp-
tion layer. The next {s a layer of luminesacent material, small
erystals bedded into a bonding agent. The thickness of that
layer is mainly responsible for the intensification factor
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and the resolution. The surface coating is not only a protec-
tive layer but is alsc responsible for the mechanlcal and
electrostatical properties. To give a low friction coefficient
for example for the use in cutfilm changers, the surface
contains many embedded small plastic balls.
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Fig. 5: Electron
microscope

plctures of
different
screens
a) Ytrium oxisulfide
b) Lanthanum
oxibromide
c) Barfum fluoro~
chloride
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Let us now look to some electron microscopic plctures of dif-
ferent phosphors. The influence on image quality and inten-
sification is obvious. The more close to a spherical shape,
the more dense crystal packing is posaible. The best in this
respect is the yttrium-oxi{sulfide. Irregularities or even
crystal lumps like in the bariumfluorochloride picture give

a high granularity, the loose packing a relative low inten-
sification.

The refraction index of the crystals is also important for
the image quality. High refraction index as for gadolinium-
oxlsulfide i{s responsible for high light scatter which results
In optical blurring of crystal inhomogenities. This gives

the impression of a flat less grainy image. However 1t has

a little less sharpness.

The best should be a refraction index close to that of the
bonding agent, that means about 1.5. This is true for Calcium
tungstate and barium-fluorochloride.

The twin-band phosphor yttrium-oxisulfide has a refraction
index of 1.8 which glves together with the fine and regular
morphology sharp images with low graininess. The resolution
of a screen depends -~ beslides the phosphor-type - on the
layer thickness. That is the reason for the fact that always
a high resclution screen has a low intensification factor
and vice versa. On the other hand a part of the rare earth
screens has a higher absorption coafricient than calcium
tungstate. Also the tranaformation into light is much higher
for the rare earth screens. That results in a generally higher
intensification factor for screens of comparable resolution.
This can be used to make exposurea with lower dose levela
(smaller focus, short exposure time, reduction of patients
dose) and same sharpneas or to apply the same dose as for
CeW0y and to get a better sharpness.
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The vcltage response depends on the absorption curve of the
material used. The lower the K-absorption edges the more flat
is the voltage response curve for the diagnostic range.

The lifetime of intensifying screens i{s no more the same
problem as it was in the beginning especially for lanthanum
oxibromide.

Most intensifying screens have to be replaced when unproper
handling causes scratches so that the surface coating is
destroyed locally. Besides the mechanical defect to be seen

in the lmage, also humidity can penetrate and destroy the
phosphor.
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The use of a not recommended screen cleaner can also destroy
the screen. Aging of the phosphor itself is not a problem,

But we found that at least lanthanum oxibromide shows a signi-
Ficant loss in light output if it is stored in high ambient
temperature. Very intensive sunlight has to be avoided.

There 1s a wide selectlon of different types of screens and
films on the market. Scme film companies as 3 M have a large
number of different types of screens and film. Every manu-
facturer produces high sensitive, universal, and high resolu-
tion screens. All producers offer a choice of conventional

and rare earth types. Also gradual screens, screens for mammo-
graphy and some special studlies are produced.

The film market i3 not only divided into blue and green. The
major film companies offer films for standard application
and automatic processing, but alsc films which ar better for
the slow manual processing or with specjal characteristics
f.i. low contrast. My recommendation 1a, to decide for one
filmtype in order to aveid mistakes in the darkroom. Only
two or three different screen types should be enough and
give more security for correct exposurea. Also it is impor-
tant to use the same type of phosphor in order to have the
same spectral response for all screenas.

For a normal radiological epartment a rare earth acreen of
medium Intensification as Titan 2 U, Lanex regular or equiva-
lent types for standard application, a high resolution screen
as Titan 2 D or UD, Lanex fine or equivalent for the extre-
mities and if small generators with low power are used possi-
bly a high sensitive system with Titan 2 HS5, MR 800 or similar
pay be sufficient., The film should be a standard with normal
contrast range for example the RP 1 for automatic processing
or Curix MR 4 for manual development or equivalent types from
the other film companles. For mammography special films are
provided,

Often mammography is done with a grid and a one-screen film
combination.

Mammography screens: Kodak: Min-R, Dupont: Low Dose,
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3M: Trimax M, Agfa-Gevaert: Mr 50

Tab. 2: Technical data of screens and films

Agls Screens Agfa Film-Screen Combinations
- G e e e ]
Cans Fn o P —— A W " »y
Cont Uarorsal e [ Corta i H 4 z
i::u Spocal haw Cawo, ) Corts U L H t
Coms il 58 i PP — Lo Spocad o ' s
Corte ME 780 i PP Carie W0 56 ] . 2
Cans Mt 400 ™ [F G o 1 -
Cuns 1k 208 — ea— Cone 4 40 ™ a5 s
Camia M 0 [ §1} [3] Ll
Kodak-Screens Kodak-Films
:2_7 el Lootkint  Chirrtnn
T OMATKC Ropetas Wikiee  BabeiOy:bs 1 e L L Y te————"
E-OMATIC fe Wiske W30, &1 TOMATS  UNbiss  Modim sasten. hagh sanoiiivty
S-OMANC hapdy e ? NOMITL (W Low suntoeor sansitivity squal to 1. OMAT §
N-OMATIC Soper Nagid™F UN /by 4 CMOG g [T —
LANEL hogutos L wm G B 1 DEOH  grome Modiom cuvtvunt. Migh saapitidey
LU st e MO T B3
HANEY Fum oen [ WY
0uly tav thy srapass mackyl
LUPORT CHOEMEEY Jeopeans seront caouE? pesaans
- T e= T B = oy T
[T oo, s JU — ooy [ . -
Fare meisy oy - . e sl omn, e -t
e apend camo, T, e [rrr— oy Whoe Le
LT Comay “lea 8 " v oty (1T ~2.0
Ligweniay Plve P, Vive “ho ‘ighining Flus camncy v e
usane 11 oL w -4 Smbaie 5 [ ) - -
Quasis NI OB TR Pher -y Pmanrs 130 [FEER bl ~F
Gradivnt [ bl




- 106 -
Tab. 2: continued
Siemens-Screens
Emvssies Phraapive: Intenoliicstios
free Coim Tyoe Fuctar
Rubat mupee e CoWay 3%
Svbon (] Caraq p ]
Saaphis ] Coley 11
Spunel (3 Coting [ 2]
Tasa § UD bus-gresn Y2025 15
Tusa 2D Musgrosn Y0t 1]
Tuas 2 U bivegesa ThE:Nh B4
Tian 2 HS bue-gesa TS B2
A IRAT Fila/Sersen Sysimis
-nd Bales ivw Dby
o s 2rian
Filme ¥ Lmks Toimaa d  Frimas o framaa s frumas 137 IO
xwh » oo (1] L oo
Wk L oo 1% oo ot
i 100 100 o “o0 [ oo
LR RS o kL o g0 L]
- E ] o o o0 Aron luon

- 107 -

Image Intensifiers

X-ray image intensifiers were orginally designed for fluoros-
copy and introduced i{n radiology with a direct viewing optic
about 30 years ago. Today they are used together with a tele-
vision-system. That gives the advantage to be more or leas
independent of the table (the tv-monitor can be mounted any-
where) and also to some extent from he room light. The tv-
picture can be stored on magnetic tape or disc, can be digi-
tized and then manipulated. F.1i. "Digital subtraction Angio-
graphy" is one of the actual methods. Also hard coplies can

be made from the tv-image., In many cases - via a light distri-
butor - also photofluorography with a 70, 100 oder 105 mm
camera {s possible. The application in gastro-intestinal
Studies is almost standard. But also other studles are done
Wwith the medium format image-intensifer photography, using
the simple spotfilming possibility, the low doae and there-
fore short exposure time and the easy to handle magazine
technique alsc for fast series up to 6 frames per sacond.
Very important is the cinematography which i{s used for
cardiac studies all cver the world.

Thanks to the high image quality of modern image intensifieras
and the input field sizes ranging from 5 inches to 22.5 inches
there i3 nearly no limitation for their use. Also tomography
and sterec technique sre poasible.

Fig. B8:
Croas section

of an image
intensifier
tube
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The image intensifier tube is a large vacuum vessel. The
radiation converter - the so called input screen is bullt-
in. It 13 in optical contact with a photo-cathode. The light
coming from the entrance screen 1s converted to electrons.
The electrons are focussed and accelerated by an !mmersion
electron optical system to the output or viewing screen. This
screen converts the electrons fnto a light enhanced minified
picture. The optical sysatem basis-lens + mirror to plit the
beam + camera lens transfers the Image to the receptor which
is the target of a video-camera-tube or the film.

This Image intensifier tube is mounted into a housing which
provides magnetic and radiation shielding. Magnetic shielding
is necessary for the earth magnetic field alone is strong
enough to influence the slow electrons near the cathode.

The radiation profile has to pass a very thin coverplate of
the housing and the thin Mumetal magnetic shield. The radia-
tion transparency 1s very high (more than 95 %) and depends
on the kV range.

The tube itself has a thin entrance window of about. 0.8 mm
aluminium. Only for the very large 57 cm tube, which is de-
signed for lung and vertebral columen examination it is

1.5 mm. The transparency for radiation under ICRU conditions
is about 95 % for the 0.8 mm entrance and 92 ¥ for the 1.5 mm.
Other tube manufacturers use djfferent radlation windows,
f.i. Philips for the 14" tube 0.25 mm titanium which absorbs
a little more. The former all-glass tubes had about 2 to

5 mm wall thickness and inspite of using a special glass with
high radiation transparency, the absorption was up to 30 %.
So the metal input was a big step forwards for better guantum
efficiency, lower scattered radiation and higher contrast.
This entrance window has to withstand the atmospheric pressu-
re, the respective force for the 57 em tube is about 3000 kp.

Also it must be vacuum-tight. That needs a highlv sophisticat-
ed technoclogy.
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This applies also to othaepr parts of the tube, f.1. the en-
trance screen. Substrate for the phosphor is a thin aluminium
plate. The phosphor was in the beginning zinc-cadmium-sulfide
(Zn, CdS) and s since 1972 Cesiumiodide (CaJ: Na).

The ZnCd,S was sedimented with a bonding material. The thick-
ness was limited, the light was scattered in this layer and
the detection quantum efficiency was relatively low. The maxi
mum packing density was 50 $. The effective absorption was
under ICRU conditions about 15 5. The modulation tranafer
function was lower than today giving a limiting resulution

of about two linepairs per mm. Also the contrast of that tu-
bes was poor.

The cesjum-iodide in contrary is evaporated on the substrate
and grows in upright standing needles. The packing density
of crystals is close to 100 4. Also it has higher atomie num-
bers. Therefors the effective absorption is, epending on
thickness of the layer about three times better (45 to 50 %).
The light will be plped within the needles. We have nearly

no atray-light in the phosphor. For we don't have only ideal
erystals but also a certain amount of breakage and other
irregularities there 1s some light scatter. In comparison

to the ZnCdS-screens it 1s very much reduced. The result is

a much better modulation transfer function, a reasonable
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higher contrast and a very much increased limiting resclution
for the 1.1i., which can reach more than 6 linepairs per mm.
That is already in the range of a detail-screen. The higher
absorption was not used to reduce the dose but to reduce the
signal to noise ratifo. Also to image the smaller details more
abscrbed quantum are necessary.

x-ays HHHERHHHNY Fig. 10

Tes! rastar

input intensity _U_LHJWUUW

| o |
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Ouwtput intensity W Contast= —~

A+B
10

Oupur conlrast 1

npu conuast

The input-phosphor i{s in optical contact to a thin evaporated
photocathode layer which {s of the S1] type (SbCSS)' The
spectral response is in the blue part of the spectrum. The
blue emitting CaJ:Na i{s much better adapted to the S11 than
the ZnCd,S with green emissfion had been.

Fig. 11
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Behind the photo-cathode {which 1s on 0 Volt in our tubes)

we have an electron image which is a true reproduction of

the radiation profile. Every image point generates an electron
bundle. If the electron optical system consisting of cylinder
and disc electrodes plus anode does the job very well, we
will get a reversed minified and light enhanced sharp plcture
with a homogeneous sharphess over the whole image, a loweat
possible distrotion and vignetting. All this must be possihble
for two or three modes inspite or having a concave fnput
screen and a flat output screen. Therefore the slectron bund-
les have to be focugsed so that all electrons coming from

one point at the entrance hit the output phoaphor on one
polnt. The electrons will be accelerated from 0 to 25 kV.

The electron optiocal system of many tubes has besides the
cathode and the beaker-like anode 3 focussing electrodes.

The voltagea on that ¢lectrodes pusat be adjusted with a tole-
rance of less than 0.5 3. To make that easier we have normally
besidea the fixed 0 V on the cathode and the 25 kV on the
anode the voltage for two of the focusaing electrodes alao
fixed and for each mode only one voltage variable to allow
adjustment for beat aharpness. This [s the possibility to
mention an important point for quality aasurance. No power
supply in the world is absolutely stable for ever. Small
changea especlally in he proportionality can occur due to
aging of components and temperature changes. Changes of more
than .5 ¥ reduce remarkably the visible sharpness. Therefore
it 1> o must to check the image quality and the voltages from
time to time, about twige a year.

The already mentioned output screen has a green emitting
ZnCdS phosphor. The Spectrum is simjlar to that of a p 20
type phoasphor. The quality of this screen has very much in=-
fluence on the overall image quality. The linear reduction

of image size is between 6 and 15. That means that the area
for an image detail is factor 36 to 225 smaller on the output
than on the input. To get a good sharpness a fine grain phos-
phor in a very thin layer must be uaed. Normally the output
acreen has a sedimented layer of small crystals with a certaln
amount of bonding agent. Light is emitted in any direction.
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To improve the contrast it is obvious that the stray-light
has to be reduced. This can be done by using a filterglaas
as carrier for the phosphor. Another possaibility would be
to use a fiberglass plate. We call an output screen with
reduced stray light "Brilliant"-screen.

The most lmportant big steps for the todays high quality image
intensifier were:

1. Introduction of metal input instead of glass

2. Cad:Na input screen instead of In,CdS

3. better computer calculated slectron optlie

4, more preclse manufacturing of he tube

5. better fine grain output-acreen and

6. contrast enhandement by stray light reducticn of the output
screen.

Now the conversion chain of an image intensifier 1s completed,.
The x-ray beam profile was converted to light, then the light
to electrons and the electrons again to visible light. We

Bot a small but bright image on the viewing screen which 1is

sharp and contrasty enough to allow diagnosis via television
or mid format or cine-photography.

The physical data of an image intensifier are constant over
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many years. Only the conversion factor Gx which ranges bet-
ween U0 and 300 cd / mR can drop, mostly when image intensi-
fiers are stored at high temperatures - more than 30° C -,
The high potential at the output is responsible for electro-
statical attratlon of dust. Dust particles on he output=
window, the lenses or mirrors absorb light and lower the con-
trast as well. To avoid this 1t is necessary to check and
clean the aurfaces at leaat once a vear.

The other parameters of the image intensifier tube itself
cannot change during the lifetime. As already menticned the
sharpness will not change as long as the potentials don't
change. The image size cannot change as long as the voltages
are correct. The contrast will be absolutely constant when
the optical surfaces are clean. The image intensifier i3 a
high vacuum tube. The vacuum is about 10"6 torr. But there

i1s a lot of material built in. Inapite of degaasing all the
parts and the complete tube under vacuum at high temperature,
it can happen that some gas 13 released. These gas atoms will
be icnized by the electrons, focussed to the center of the
entrance screen. Froo here electrons are emitted and occur
a3 a bright "ion spot® in the center of the image. If not
gettered, the ions are able to desatroy the photocathode lo-
cally with the time. Therefore every image intenaifier has

a gettering device.

From every test protocol of an image intensifier you can read
the conversion factor G!. To know this value is helpful to )
calculate tne diaphragm for the cameras. Sometimes It seems
that the G, nas dropped with the time., One possibility is,
that dust settled In the optlical path. That can be cleaned.
The other is storage or use at very high temperature over

a long time. If the intensification ia
for practical use the only solution is
intensifier. It will not be helpful to
factor in the fleld. To get the proper

no more high anough
to change the image
measure the converalon
conditions it is neces-

sary to measure the tube alone which ls somewhat difficult.
We have no good experience with field measurements, It is
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much easier to check all the other parts of the installation.
{So are dose level, tv signal, film blackening). But there

i3 no doubt, the viewing screen will become grey - {leas
light output}). You can see that after a relative short time,
If the collimator is always fully open and direct radiation
hits the i.1. in the same region. But this is not a proper
use of an 1.§..

The besat image quality you will only have with the smallest
possible irradiated field. The conversion factor given in

the test protocol is always for the largeat format. If you
use another mode, the dose will be higher for the same fac~
tor as the input field area 13 smaller compared to the full
entrance. For inatance {f you switch from 10 to 7 inches you
need about double the dose. By means of the automatic dose
control or exposure control unit via a photomultiplier as

a light measuring device the luminance of the output is kept
constant or set always to the correct exposure by adapting
the dose level. This device compensates also for different
absorbing objects. Therefore a dominant area is defined which
is a circular fleld of about one third of image diameter.

In the test protocel you will further find the image size
and the electrode voltages for the different modes. That
allows - simple check and adjustment.

All the other tube character!stics as contrast factor, sharp-
ness, distortion, vignetting and ac on cannot change with
the time. They are not listed in the protocol.

Let me give you a few figures to the image intensifler data.
The contrast factor for our tubes was Iin the late 6ot"
6 : 1, in the late TOth it was already double the value and
since about one year !t is three times higher, reaching about
18 : 1. As far as I know also the other manufakturers have
about 15 : 1 to 18 : 1. The limiting resolution which
corresponds with the 4 % contrast value of the MTF curve was
f.1. for the zoom-mode of the 10 inch tube with ZnCd,S input

about
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screen (end of the 60*M) about 2.2 1p/mm, The first tubes
with CsJ:Na in the early TOth had already 3.5, in the mid
70'R 1t was 4.6 and i3 now for the most modern image inten-
sifiers for zoom mode between 5 and 6 lp/mm maximum. That

means that with photofluorography most of all dlagnostic
studies can be dona.

Fig. 13: Improved resolution in image intensifiers

The MTF 15 the contrast as a function of the spatial freguen-
cy. The curves for the same type of i.i. hut for different
years show the Increase in limiting resolution as well as

the inerease of contrast also for lower freduencles. The high
frequencies are important for imaging very small details as
bone structure, small veasels and also to get better sharp-
ness at the edges of an object. That is nearly the same diffe-
rence as between telephone and high fidelity.

From our experience we can recommend certain dose rates for
fluoroscopy and exposure dose levels for our image intensi-
fiert. They are based on the fact that lower doses can be
produced by the x-ray generator-tube system with lower kV
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and shorter exposure time. Alsc more often the small focus
can be used which gives a better image quality especially
when geometrical magnification cannot be avoided. Last not
least we have a remarkable low patient dose level. On the
other hand the slgnal to noise ratio must be good enough not
to loose information by quantum nolise.

All recommendations are given for the full input dlameter
of an image intensifier. If you see the higher figures for
the smaller tube type then put into account that the image
size on the monitor or film is the same for each i.i. To
get the same noise impression it is necessary to adapt to
input size.

For fluoroscopy we recommend for the 9 and 10 inch tubes

20 yuR/3 and for the 7 or 6 inch tube U0 suR/s as normal value

for both - standard and high resclution tv-syastem.

Notice that an increase Iln dose rate of factor 2 (as recom-
mend for the second dose level for speclal application) de-
creases the noise only by\fE = 1.4 which is rarely to be seen
in average plctures. The large 33 om 1.1. which is always
triple mode should be adjusted to about 15 JuR/a.

For photofluorcgraphy we recommend for all tubes the same

50 ,uR/frame. That is due to the short exposure time which
is wanted for oesophageal studies, heart studies and so on.
The limit for noisy plctures is somewhere between 30 and

50 suRt. So there i3 no risk to run all i.{. tubes at

50 uBl/frame.

Cinematography should be done with 10 /uH/rrame on the 10

or 9 inch tubes whereas 20 JuR/frame are recommended for the
T or 6 inch tubes. From our experience blurring by quantum
mottle was only in a very few cases a problem with that dose
levels and I am not sure how correct the dose measurement

in that cases had been, as such low level measurements are
not easy. But always the advantages of the short exposure
time (no motion - unsharpness) and the possibility to use
more often a small focus for better Geometry was dominant.
If you get nolsy pictures with that dose level check first
the contrast. In most cases the contrast for the tv-monitor
or the gradient of the films was too high.
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Televisiopn-Systems

Every electron-optical x-ray image intensifier Is equlpped
with a television-system. A tandem optic lens system trans-
fers the image from the output secreen fo the {.1. to the
receptor, in this case the target of a video camera-tube,
The light beam between the i.i. basis lena and the camera
lens is parallel (Infinite focussing). The high aperture
especlally of the 1.i. lens requires a precise focussing

of the optic. On the other hand - the tandem lens aystem
allows beam splitting which is used for the photomultiplier
attachment. The 90 § mirror in the light distributor allows
watching a camera exposure or clne run via television., In
cardangio-units parallel recording on magnetic tape recorder
during a cine-run js quite normal. The normal fluoroscopy

is not only a possibility for easy spotfilming, it alsc allows
in many cases to find the dlagnosis only from the tv-screen.
This is standard f.i. for g.i.-studies.

Fig. 14: Beam

g nlensilier - isnoem iy sritem sedcon splitting in the
output of an
image intenaifier
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Inigmedate lens vysiem

The above mentioned digital subtraction angiography 1s another
application of television, not to forget the surglcal appli-
cation. S0 we have a wide range of different studies which
needs also different characteristics of the tv-image. To adapt
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to the different requirements there exist different types

of camera tubes, different tv-chains, the standard line system
and the high resolution system and last not least a big varia-
bility in adjustment for the dark current, the camera or BAS-
signal, the dark value, he white limitation, the videoc ampli-
fication (autematic), the plate voltage and possibly some
more.

The camera tubes as the first link existend in the past in

zwo different versions. The one was the classic vidicon type.
It has a gamma-value of 7 = 0.7 and a relative slow decay-
curve. This tube is used for examinations with not too high
object movement when a flat and not to noisy pleture 13 re-
quired. The lead-oxide-vidicon or PluznbiconR tvpe 1s much

more fast, therefore more noisy, It has ay = 1.0 and has

no dark current. It costs much more and has to be gettered
during storage. Now much more types with different charac-
teristics as Chalnicon, Pasecon and ao on will be intro-
duced.

Recently we found, that the so called slow vidicon or

HiviconH can also be used for cardiac studies. The heart
motion i3 very high and s0 everybody expected a bad picture
for a tube with a high lag. May be that the molse reduction

by that tube in comparison to he lead-oxide type 13 so mguch
more important. Anyway the heart motion was no problem in

the tests. On the other hand it is not good for the oesophagus
studies, maybe for the high contrast we have there.

The television system itself ia a standard 625 line systenm
with 50 cycles for normal application. Besldes that we
developed several years ago a high resolution system with
inereased bandwidth and 1249 lines. The limiting resolution
is reasonably better in comparison to the standard system.
But also the noise seems to be increased. This i3 not true.
The fact is, that every detail 1s better imaged as the
comparison of the MTF curves shows, and this applies also

to the quantum noise, Most people however are able after a
certain-time to subtract the noise in their brain and to see
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the interesting details better. This is a kind of mental
training which is for lnstance normal and fully accepted from
doctors who analyze for example the pictures from lung mass
studies.

Mod\d;ihn teansfes facior Fig. 15: Impro-
T ved resolution
in special TV-
systema
014
High resolution
Standerd
o0

0 100 200 300 400 500 600 700
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To get the highest informatlon from a tv-system a few facts
must be recognized: the vidicon type camera tube give always
more information than a leadoxide vidicon, espescially on a
high resolution system as Videomed Hn; the adjustment of the
tv-chain must be done very exact; the viewing distance to
the monitor depends on the perceptibllity of the observer
and should be about 5 times the monltor screen diagonal for
a standard system and 1,5 times the diagonal length for the
high resolution system; the contrast for the monitor must

be adjusted relatively low and the brightness is adapted to
the reduced room illumination.

The conversion factor of the individual image intensifiers
are different and also the senaltivity of the camera tube.
On the other hand we have a certaln recommended dose rate.
The videosignal however must have a certain value depending
on camera tube type. To compensate for too much light a
diaphragm is used. It is very important to set the diaphragm
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to a value which gives for a homogenous picture a video sig-
nal far enough from the maximum not to get saturation in
regions of low absorption.

Summary:

There is a big cholce in image receptors on the screen-film
side, on the image intensifler side and also to some extent
on tv. For each application always one system would be the
best. Screens and films should be selected carefully always
regarding the whole spectrum of examinations and with the
aim to have only a few different types {n one department in
order to avold mistakes. A medium speed screen from the rare
earth type range, a detall acreen and posaibly a high speed
screen from the same type should be enough. The number of
films should be reduced to one type medium sensitlvity but
spectral response adapted to the screen-system., For mammo-
graphy speclial screens and films are neceasary.

Image intensifiers are much more expenalve, It is necessary
to take into aceount all the requirements alsoc for the future
because of the lifetime. On the gther hand it seems to be
useful to change an i.1. tube latest after 5 to 7 years to
use the Iinnovations made in the meaptime., A dual or triple
mode lmage intensifier of the highest avalable quality is

a good recommendation. The input fleld size depends on the
planned studies. If many projections are necessary or a
biplane system 1s used as for cardiac studies, than the tube
should not have more than 10 inpch input, ctherwise it is
difficult to adapt it close to the patient.

If interventional studies are planned, a triple mode can be
useful. For digital subtraction angiography also high reso-
lution and high contrast are necessary.

The selection for the tv-system - standard or high resolu-
tion - is not only a question of prize but also what it is
used for, For any applicatlion where the dlagnosis can be done
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from the tv-plcture a high resolution system would be helpful.
The cholce of the camera tube type depends more on the indivi-
dual preference. The vidicon type tubes seem to me to be more
universal.
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PRACTICAL EXERCISES

This 1s a collection of exercises on Quality Control of
medical diagnostic X-ray units which has been prepared
especially for the WHO Training Workshop on Quallty Con-
trol and Assurance in Diagnostio Radiology organized by

the Institute for Radiation Hyglens of the Federal Health
Office. The exercises have been worked out by German medi-
oal physicists, by the Agfa-Gevaert Training Center, Munich
and a member of an XY-ray equipment manufacturing company.

It should be clearly pointed out that we had not the ambi-
tion to invent new methods or equipment for teating the
performance of X-ray units, nor should the selection of
certaln methods and test tools be meant to be the optimal
ones,

There {s a great number of publications on Quality Aasur-
ance in diagnostic radiology esapecially from the U.3.A. and
Great Britain, part of which you will find in the reference
list of the WHO publication on Quality Assurance in Diag-
nostiac Radiology (Geneva, 1982). The refersnce liast at the
end of thia "workbook”™ contains only publiocations having

& direct relation to the text of the exsroises.

The paterial preaented here is meant to be a "workbook®
which should help to carry out the exercises more affect-
ively and as a basis of discuasion in this pilot-course.
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PRACTICAL EXERCH

X — RAY GENERATOR AND TUBE

| kVp LHVL, OUTPUT, mAs — REPRODUCIBILITY AND LINEARITY USING AN
\ EAP-METER,EXPOSURE TIME: ACCURACY AND REPRODUCIBILITY, A
GEOMETRICAL RESOLUTION (FOCAL SPOT) 1

MATERIAL:

Exposure-area-product meter {Diamentor)
Calibrated dosemeter

kVp test cassette

Timing and mAs-test tool

Focal spot test tool (resclution)

Tape measure

AUTHOR

Dr. k. Henrichs
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A INTRODUCTION

The output is the quantity which can be measured most easlly
{by means of a calibrated dosemeter or an exposure-area~
product meter) and gives an overall impression about the
Status of the generator and tube,

The output will be measured at a distance from the focus
convenient to mount the dosimeter.Using the inverse-square-
law, the dose or dose rate measured in a known distance from
the focus can be easily converted to a standard distance
(e.g. 100 cm or 75 em). The output is given in mR/mA min

or mR/mAs,

The output depends on the tube potential and its wave form,
the tube current, the filtration, the exposure time and the
distance between the focal spot and dosemeter.

The output 1s a quantity very well suited for routine tests,
in which 1t is not necessary to use a calibrated dosimeter

in general. We will use the exposure-area-product meter (EAM)

for this purpose. It will be shown that this instrument can
also be calibrated for measuring the dose or dose rate if
the dose rate and beam quality used are not too different
from the conditions at calibration. If the output 1ia found
to be unchanged, one can generally assume that the different
parameters Iinfluencing the output are also still the same.
The output (and image quality) is very sensitive to changes
of the peak tube potential which is, therefore, one of the
most important parameters to be checked in the casze of out-
put variations.

Changes in the waveform of the high voltage and the filtra-
tion can also influence the cutput to a large extent. They
have to be checked individually whenever a change in the
normal performance is suspected.
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Geometrical resolution is mainly influenced by the size of

the focus of the X-ray tube. Controlling this parameter,
therefore, provides for information about the status of the
tube aging of which would results in reduced output and
sometimes lowered resclution.

There are different methods and many tools for the measure-
ments mentioned. The highest accuracy in measurements of
both the high voltage and its waveform, as well as the
current or charge golng through the X-ray tube can be ob-
talned by direct measurement in the high voltage circuit.
Reliable information about the peak voltage, waveform and
filtration may also be derived from the analysis of the
spectra measured for the X-radiation.

However, these two methods are only useful for calibration
of test tools for test procedures being less time consuming.



B MEASUREMENTS TO BE PERFORMED

1.
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PEAK TUBE POTENTIAL AND HALF VALUE LAYER

Test equipment

Calibrated penetrameter, film, lead blockers, densalto-

meter

Description of the test tool

Fig. 1 shows the schematic view of the construction of

the kxVp cassette.

Flg. 1:

PV TING
SIRELM

NG e
CLsSETTC
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Radlation entering the cassette passes a copper filter which
reduces mainly the low energy portion of the X-ray spectrum.
There are two pathways by which the film is exposed to radia-
tion: one portion firat passes copper steps of different
thickness, then a lead mask with two rows of holes and fi-
nally meets the intensifying screen which directly exposes
the film., The other portion of radiation passes at first
the lead mask and the intensifying screen; subsequently the
light emitted there is optically attenuated by a known re-
duction factor (referent culumn). By comparing the two rous
of differently exposed spots on the film, the attenuation
effected by the copper steps can be esatimated to determine
the maximum energy of the radiation spectrum.

OPERATION

~ Load the cassette, place it on the X-ray table (facing
the tube and the long sldes of the cassette so as to be
situated parallelly to the anode-cathode axis).
Center the region of the cassette to be exposed in the
radiation fleld, shield the others with the lead blockers.

~ Set the kVecontrol to the desired value.
- Select both the distance between the tube and cassette
and the setting for mAs {or: mA and sec) so as to obtaln

a density of about 1 i{n the reference colunmn.

- Expose the different regions of the cassette and develop
the film.
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EVALUATION

The resulting image will consist of 10 columns of dots in
five pairs. The right hand column (reference column) will
consist of dots of nearly uniform density; the other column
(under the copper stepwedge) will show a density gradlent.

Determine for each pair of columns those pairs of dots that

most closely mateh in density (accuracy by eye: 4 kV, densi-
tometer: 2 kV).

If the "match step™ falls between two pairs, the linear in-
terpolation {s pecommended.

Once the number for the match-up 1is known, the thickness
of the copper Step that will result in the same intensity
reduction as the optical attenuator may be calculated, By
means of the calibration curve (fig. 2) it 1s easy to find
the corresponding value of kVp.

If possible, these measurements should be repeated for dif-

ferent mA-settings to check whether changes of mA do result
in different kVp,
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2. CALIBRATION OF THE EAM

Test equipment

dosemeter, film, tape measure

Measure the exposure (D) at a fixed distance to the tube
(focus) by means of a calibrated dosemeter; measure the
area (A) exposed at the same distance (by exposing a fllm):

n digits of EAM © A x D (Rocm?®)

Co on accordingly measuring several different areas to check
the proportionality of the EAM measurement. If the EAM is
used for a routine check of the tube output, this calibra-
tion will have to be performed with open collimator:

n digits of EAM © D (R at distance x)

A pocket dosesmeter may be used for this calibration.

3. ouTPUT

Test equipment

Dosemeter, tape meter, EAM

3.7 Using an ionizing chamber

=  Measure the sxposure D(x) (mR) at a known distance x
between the focus and an fonizatlon chamber at different
mAs-settings; '

- Calculate D for x = 75 cm and compare to tabulated values
(rig. 3).
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3.2 Using the calibrated EAM:

Check constancy of exposure output with the mAs setting
and kV value unchanged but differing focal spot sizes
(i.e., differing ma value);

Check recproducibility and linearity at different mAs
settings.
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tube:

tube potential:

distance x:

exposure at x:

output {(measured)

output {tabulsted):

constancy of output

mAs3
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output (results)

generstor:

date:

kVp, focusr: small o large o

cm,

mR,

mR
mAs

mR
mAs

chargs: mAs

exposure at 75 cm: mR

output® (EAM digits)

small focus

* Collimator open

large focus (mR mt 76 cm)
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output {results, continued}

linsarity and reproducibility of mAs-wtting

output® (EAM-digits)

mAs 1! maasursment 2™ massurement

3" messurement

* collimator open

Surveyor:
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4. EXPOSURE TIME

Test equipment

Timing and mAs test tool, protacor, (densitometer), film
cassette.

Description of the test tool

The instrument case of the timing test tool contains a
rotating brass diac (8,25 cm in diameter, 1 rps, driven
by a synchronous motor) with a siit cut inte it.

Radiation passing thias slit exposes the film cassette on
which the tool is placed. Measuring the angle of the arc,
visible after processing the film, gives information about
the exposure time. A copper step wedge incorporated into
the test tool permits to check the constancy of mAs (or
output) at different mA and time settings selected appro-
priately.

OPERATION

- Position the timer tool on top of a loaded cassette with
a distance between source and film of about 1 m; colli-
mate to the tool and shjeid the unused area of the cas-
sette with lead.

- Perform three exposures on three different areas of the
cassette at 70 kVp; keep miAs constant but choose diffe-
rent mi and time settings (recommended density: 1 - 2).

-~ Develop the film as usual.

EVALUATION

= Measure the exposed arc by means of the transparent pro-
tractor.
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If the timing is acceptable ( + 10 %), the constancy of
the mA stations can be checked by inspecting the denaity
of the stepwedge pattern images. If the corresponding
steps of each of the patterns appear to be of the same
density, the mA setting {s sufficiently accurate. The
densities can be checked with a densitometer for greater
accuracy. An error (differing density) may be due to
either the wrong kVp or the wrong mi.
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tabie:
Smallest Group Number of Dimension of Effsctive
Resolved line pairs/mm Focal Spot with M=4/3  (mm)
1 0.84 43
2 1.00 3.7
3 1.18 a
4 141 26
5 1.68 2.2
6 2.00 18
7 2.38 1.5
8 2.83 1.3
9 336 1.1
10 4.00 0.9
11 4.76 08
12 65.66 0.7



b potantasl:

Gaametrical rasolutions (resulsl:

- 144 =

kVp; cumrent:

g

smali focus

largs tocus

magnitwation M

amailest group

womeinicat
nsobuton N/WA:

Lt T
focat ot siaze

accapiabie
Yok

- 145 -

5. GEOMETRICAL RESOLUTION (FOCUS)

Test equipment

Focal spot test tool, magnifying glass

Deseription of the test tool

Geometrical resolution is determined by the size and

shape of the focal spot., Because of the irregular shape
of the focus, the specification of the focus size is
controveralal,

The test tocl used here consists of a heavy metal target
with 12 bar pattern groups of different sizes. Each group
conslists of aix bars, three of which are arranged perpen-
dicular to the other three slots. There is a decrease in
size and spacing of the slots by steps of 16 ¥ from 0.84
line pairs/mm to 5.66 line pairs/mm. The test pattern is
mounted in the center of a plexiglass dise (7.6 em in dia-
meter). It contains a lead shield with two small holes

6 cm apart from one another to check the magnification and
thus the distance from the film (the pattern is 15.2 cm
above the base of the tool).

OPERATION

- Position tha test tool directly on a cardboard cassette,
arrange the tool so that the printing of the label 1a
parallel to the long axis of the tube. For focal spot
size of more than 0,8 mm, a magnification of 4/3 is re-
commended, i.e. the distance between the bar pattern and
the tube focal spot should be 46 cm. For smaller focal
8ize the magnification must be higher. This can be ob-

tained by placing a spacer of known height under the tool.
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-~ Perform twe exposures (at the most commonly used kVp and
mA station) with both the small and large focal spots.
A fine grain X-ray film should be used without intensif-
Ying screen.

~ Develop the film.
EVALUATION

To check the magnification, measure the distance d {cm)
between the centers of the image of the two holes on the
film, The wmagnification M is calculated by d/6 {4/3 wagni-
fication corresponds to d = 8 en).

Use a magnifying glass to examine the groups in the image
parallel to the cathode-anode axis. Find the image of the
smallest group where all three bars are clearly to be seen
{a "double" peak focal spot may produce an image with four
bars; this false resolution should not be confused with
proper resclution which would result ip a three bar image).
The perpendicular Broups may be used i{ndependently to esti-
mate two dimensions of a focal spot, or all six bars in a

group may be used together to find the largest dimension
of the spot.

The gecmetrical resolution 1s then calculated by means of
the following table which gives the numbers of line pairs
per mm for the different groups; this number N for the
smallest group resolved has to be divided by the magnifica-
tion M:

Geometrical resolution < N/M 1line pairs/mm

Once the geometrical resclution 1s known, the dimensions

rs of the so-called effective focal spot may be calculated
which are defined as the dimensions of a uniformly emitting
focal spot with the same resolution as the focal spot under
study:

- 147 -

IMAGE - RECEPTORS: RADIOGRAPHY — FLUOROSCOPY

1} FILM — SCREEN SYSTEMS: SENSITIVITY, RESOLUTION, FILM — SCREEN
CONTACT

2|FLUOROSCOPY:CONVER&ONFACTOR,RESOLUHON.LOWCONTRAST
VISIBILITY, SENSITIVITY (AEC)

MATERIAL:

Films

Intensifying screens
Film-screen comblnation
Casaettes

Fluoroscope

X-ray image intensifier

AUTHOR

Dr. R. Milllep
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1. RADIOGRAPHY

Test equipment

3 cassettes with different 3creen combinations, densito-
meter, lead shield (2mm), a phantom of 30 to 40 mm Al

or 15 to 20 cm water (or equivalent materiall}, high con-
trast resolution test tool.

1.1. Inspection of the film cassette:
Does it show mechanical damage?
Does the lock fit well?
Does the screen show dust, shadows or any mechanical
damage?

1.2. Does the spectral sensitivity of the film fit the spec-
tral emission of the screen?

l ' .
"~ ™~~. blue sensitive I
*«| film
L\ Gd,0,5 To
\‘ £ magaon
b T TR~ ~ \\
\‘ . --‘ 2
\?\_,—”’ | green
| g8ensitive
| film .
| 5
| e
i i}
-
g | Fl g
3 1 “
w "
ot
E
g \ =
L)
d g
T 0
H00 nm i1}

wave length

Fig. 1: Spectral emlssion of Ca HOH, LaCB:Tb, GdZOZS:Tb
and film sensitivity {Krestel)
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1.3. Measurement of the characteristic curve of the film
with reference screen

Use 70 kV; phantom of 30 to 40 mm Al or 15 to 20 cm water.
Set mAs stepwise in arbitrary units 2,4,8,..... 2", Expose
the film-screen combination by stepwise retraction of the
lead shield (e.g.20 mm for one exposure). Make densitometry
with the processed film. Draw denaity versus logarithm of
relative exposure (drawing 1, data page 1)

Repeat this procedure with the other two cassettes using
different film-screen combinations but only three different
exposure values. Insert these points in the above drawing.
What is to say about screen speed and patient exposure?

1.4. Evaluation of high contrast resclution

Expose all three fi{lm-screen combinations with the resolu-
tion test tool on the cassette.

Find resclution of the different acreens. Insert relative
Speed versus resclution into drawing No.2.

1.5. Check of film-screen contact

Line-spreag is a function of screen speed (rig. 2) but also
of screen-film distance (fig. 3).

[T T T T T T T T

Pelstrve diwmnance

Fig. 2: Normalized line-spread function of two radiographic
systems containing calecium tungstate screens: curve 1,
two medium speed screens; curve 2, two fast screens
{Seemann)



- 150 -

Therefore, an equal good contact of the film to screen is
necessary.

Demonstration of failures of film-screen contact using a
special test tool.

]
]

o

B

u

£

';_)

[

>

bl

-

u
r; i

N 250 am

film-screen distance

Fig. 3: Unsharpness as 3 result of film-screen distance
(Frommhold et.al.)

2. FLUDROSCOPY

2.1 Fluoroscope

LEAD GLASS

POT FiLm
SL0T

GRID

Fig. U: Fluoroscope (Cristenson et.al.)

FLUORESCENT
SCREEN
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2.1.1 Check the fluoroscopic screen for mechanical damage.
2.1.2 Conversion factor

Fluoroscopy does work particularly by the extraordinary
ability of the human eye to adapt to low level i{llumination
{Christensen et.gl.)

The conversion factor is defined as the ratio of luminance
Versus imput exposure rate. The conversion factor for modern
Screens ranges from 0.006 to 0,013 E%ji for 70 to 85 kv
X-rays. Image Intensifiers attatn conversion factors from
60 up to 250 ﬁ%%éh (see below).

Measurements of the conversion factor can be done by syn-
chronous detection of eéxposure rate and luminance. This ia

a large-scale procedure. A leas complicated method is to
check the luminance of the specimen againat a well fitted
reference screen under defined conditions.

Some different rlucroscopy screens will be demonstrated.
2.2. X-Ray Image Intensifiers

Fig. 5 shows the image intensifying chain.

intensifier optic  vidikon controllier monitor

Fig. 5: The X-ray intensifying chain {(Krestel)
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When discussing the resolution of the whole system it is
best to investigate the modulation transfer function (MTF)
of everly link.

In fig.6 the single MFT's are seen for a high resolution
(-) and a lower resolution (---) system.

high resolution
intensifjer

B4

1 2

MTF1 T MTPS = MTFthal
~
N,
~
e

F, F_ ° MT
2 MIE, Fa
L11] b
]1 N, N ]‘—-\:\
. \ \ i
o I N v N
ul 1 \. S H_.ﬂv_\l——t—
01734 0254 011234 C1 234 017734 0121324
periods/mm

Fig. 6: Total MTF of the X-ray intensifying system (Krestel)
For a quick check it is not possible to measure the MTF.
However, to determine the status of the image intensifier

it is sufficlient to test the high and low contrast resolu-
tion.

2.2.1 High contrast resolution

Test equipment

High contrast resolution test tool.

Try to fix the high resolution test tool directly on the
image intensifier. Set lowest kV and record resolution as
line pairs per mm (1p/mm) versus tube eurrent (mA} parallel

and perpendicular to the monitor lines (data page No. 2
drawing No. 3)
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2.2.2 Low contrast resolution

Test equipment

Low contrast resolution test tool, 0.8 mm Al plate
With bore holes from 1 to 20 mm diameter (1; 1.5;

2; 3; 4; 6; 10; 20), Additional filters of 20 mm Al,
0.5 om Cu and two plates of 1 mm Cu,

Place the bore hole plate with additicnal filter on the
patient's table and {rradiate by defined geometry in the
automatic mode, Record additional filtration, current,
voltage and low contrast resolution (data page No. 3).

If there is time enough, this measurement may be repeated
for a second focus-intensifier distance (FID). The focus-
test plate distance has to be constant. It is sufficient
to do this measurement for only cne combination (e.g. bore
hole plate + 0.5 mm Cu).

2.2.3 Dose Rate Imput

Test equipment

The same as in 2.2.2., dose rate meter.

High and low contrast tests glve a good finger print of
the image intensifying system. But the magnitude of dose

rate at the intensifier input plane is also of great
interest.

Use the set up as undep 2.2.2. Only the Al bore hole plate
and 0.5 mm Cu are applied. Fix the fonization chamber near
the intensifier entrance plane, If neceasary, make a correc-
tion for the focus distance (1/r2).
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Use all possible automatic steps. Record these data on data
page No. 4, drawing No. 4.

The exposure rate of the Intensifier should be lower than
4o /uﬂla for the lowest automatic step and lower than
80 /uR/s for the highest step.

Is the dose rate influencing the low contrast resclution
(quantum mottie)?

Measurement with the low contrast phantom 1is essentially

a test of the automatic brightness stabilizer system (ABS).
The importance of radiation protection for patients and
workers may be discussed here.

DATA PAGE o, 1

voltage: ,.,... vees kY
filtration: ...,,.. Al
FFD: oeee..... ]
phantom: ..... vewes
film: ... ...,
SCreen: ...........
cassette: ,..,.. e

coach: yes/no

rel. exposure
{mAs )
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reference screen CaHO4

density §

rel. exposure
(mAs )

reference screen CaWl

4

rel. exposyre
(mAs)

high contrast screen CaHD4

rel. exposure
{mAs }

high speed

screen La0Br: Tb
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DATA PAGE No. 2

High Contrast Resoclution Test of Image Intensifier

voltage: ......... I 1

filtration: ...... cernes A

FID: viveveennnn.. veva.. cm (focus intensifier distance)
phantom: yes/no

tube: ............ [P

intensifier: ..... i

coach: yes/no

rel. exposure rate
(ma}

resolution
1p/mm

Data Pace No, 3

Low Contrast Resolution Test of Image Intensifier
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fluoroscopic unit:

I “ea

if automatic: step

automatic: yes/no ... L
filtration:............... vere..mm Al grid; yes/ng
FI1D:...... Cereass Creereitieeaa. ves CR

FCD:.......... N terr i aen ... cm (focus chamber distance)

(FCO/FIDY? < k-

add, filter
(mm A1/Cu)

..... ereeereaeo.. {correction factor)

20 mm Al

0.5 mm Cu

1 mmCu

2 mm Cu

cvennn (2R /o) (calibration fact

20 mm Al
2.5 mm Cu

voltage
(k¥)

Current
{mA}

Jow Contrast
diameter
(mm)

high .contrast
(1p/nm)

intensifier
exposurg
(nC)

dto,
times &k * ¢
(uR/s)




Data Pace No, 4

Resolution Versus Dose Rate Input

fluoroscopic unit ............v..s

filtration: ................

additional filter: o.B mm Al
2 mm Cu

high contrast resolution test too}

lTow contrast
(mm}

current
(A}

voltage

step (kV)
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bore hole

corrected
exposure
{uR/s)

high contrast
(1p/mm)

exposure
{nC/min)
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FILM PROCESSING AND VIEWING EQUIPMENT

SENSTOMETRY:TEMPERATUHEDEPENDENCEOF'SPEED”,AVERAGE
GRADIENT, FOG. DARKRQOM SAFELIGHTS
DEMONSTRATIONS AT A LIGHT BOX

MATERIAL:
Sensitometer
Densitometer
Step-wedge

AUTHOR

Dr. E. Borcke
W. Merkle
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A PROCESSING OF X-RAY FILM

INTRODUCTION

It is assumed that the reader is already well informed about
the characteristies of X-ray filma. The following 1s, there-
fore, only a very brief Summary of the most important facts.

The halides (e.g. silverbromide) within an X-ray film are
sensitive to high energy irradiation (e.g. X-rays), invisible
ultraviolet radiation and to the blue speck of visible light
exposure,

When enough energy has been absorbed by the halides, a reduc-
tien to very small traces of metalllc silver 1s initiated

by photolysis. An ilmage is formed thereby which {3 called

the "latent image®. Thus the sensitivity centres (halides)
change into development centres where development can take
place. A3 a result of development the film darkens in these
exposed areas, depending on the absorbed energy.

PROCESSING

There are two basic means to process exposed or irradiated
X-ray films:

(a) manual processing, ihvolving:

development, intermediat rinse, fixing, final wash,
wetting agent, drying.

(b)
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machine (automatie) processing, involving:

development, fixing, final wash, drying.

DEVELOPMENT

During development the invisible "latent image" (exposed
or irradiated silver halides) is converted into a visible
image. The quality of the developed image is influenced
by many factors such as:

temperature, time, agitation, condition of developer,
pH-value, replenishment rate.

The 5 most important components of an X-ray machine
devaloper are:

{a)

(b}

(c)

Developing agents (mostly hydroquinone and phenidone).

The task of the developing agent is to reduce the ha-
lide (e.g. silverbromide) to pure sllver, depending
on the absorbed energy (dose).In simple words:

1t darkens the film in those ‘areas concerned.

Accelerator.

Since the developing agenta will not act by themselves,
an sotivator (alkaline) has to be added to speed up the
development proceas.

Restrainer.

Although, in general, the developer only acts with ex=-
posed silver halide grains, a development fog Is formed
depending on the film speed and the developer's cond!-
tion,

The restrainer slows down formation of such unwanted
development fog.
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(d) Preservative.

The developer agents tend to oxidate qulickly when ex-
posed to oxygen, thus reducing the activity enormously.
To prevent this from happening, a preservative {sodium
sulphite) !s added which engages the oxygen faster than
the developing agents,

{e) Hardener {only required for automatic processing)

During processing {development, fixing, washing) the
gelatine of the photographic emulsion might swell up
te seven times of its initial volume. This makes the
emulsjon vulnerable to cratches and damages. If a
hardener is used, the emulsion will pe prevented from
swelling and the risk of damage will be reduced.

Apart from the chemicala just mentioned, several other chem!-

cal substances way be added to the developer for specific
purposes.

Intermediate Rinse or Stop Bath (only for manual processing)

To prevent the developer from reacting with the expesed
silver halides after the desired density of the image has
been obtained, an intermediate rinse or stop bath is required
for manual processing.

Running water or 20%% and one immersion (shorter time at
higher temperature) will reduce the quantity of developer
adhering to the emulsion and, thereby, the possibilities

of unwanted further darkening of the enulsion. If develop-
ment has to be interrupted immediately after a certain time,
an acld stop bath of an acidity between PH 3 and pH 5 can

be used. Both the intermediate rinse and stop bath prevent
the acid fixer from belng spoiled by those amounts of
alkaline developer that adhere to the emulsion of the film.
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During automatic processing the intermediate rinse is repla=-
ced by squeegee-rollers (last set of rollers of the deve-
loper rack). Excess developer is removed and the film leaves
the developing rack only damp.

If intermediate rinse or stop bath in manual processing is
Inadequate or 3queegee action of the developer rack In
machine processing 1s inefficient, streaks might occur on
the film and the fixing bath might be spoiled more easily.
Appropriate intermediate rinse for manual processing or
proper squeegee action during automatic proceasing are,
therefore, very important details when proceasing X-ray
films,
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FIXING

Silver hallide which could not be reduced to metallie silver
during development, since it lacked sufficient exposure,
still appears milky opaque in the emulsion. Therefore, the
X-ray image has not yet received its wanted contrast and

the still present silver bromide may darken at a later date,
decreasing contrast even more.

The fixing solutions:

(a) sodium thicsulphate for regular fixing

(b) ammonium thicsulphate for rapid rixing

convert the not developable silver halides into water-so-

luble complexes. Thus the film willl become clear in these
areas.

An acid fis added to the fixing agent in order to atop further
development and to prevent formation of dichrole fog which
might ocecur when used developer comes into contact with
fixing solution. For machine processing a hardener must be
added to prevent the film from sWwelling too much in final

wash, to cut down the drying temperature or/and to shorten
drying time,

The quality of the fixing i{s influanced by:

temperature, time, agitation, condition of fixer,

pH-value, replenishment rate, silver content in
fixer.
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FINAL WASH

After fixing, the films must be washed under running water
to remove the adhering chemicals, - in particular fixing
solution. It is very important to pay attention to an ade-
qQuate final wash. Otherwise the image might be ruined by
the remaining fixing agent which may attack the silver that
originally formed the image. This would prevent the radio-
graph from persisting as a dependadble document.

The final wash is influenced by:
temperature, time, agitation, quality of water

used, water flow.

Wetting agent (only for manual procesasing)
LAE ager ang)

When the films are taken out of the final wash, they should
be immersed into a wetting agent and hung up for drying
(always on one corner diagonally only) to ensure that the
Water drains off evenly with the drying time being reduced
and drying marks being prevented from occuring.

DRYING

After the final wash, the films are scaked with water und
must be dried. Excess water 1s taken off by a pair of squee-
gee rollers (automatico process) installed at the end of the
water rack. Still gemp, the film enters the drying compart-
ament of the processor where {t must be dried in a given time
and at a certain temperaturas.

An adequate drying 1s influenced by:

temperature, time, a{r ventilation (exchange of air),
relative alr humidity, film hardening (added to fixer)
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CONCLUSION

What important facts influence X-ray films in automatic
processors?

Parameters Development Fixing Final Wash Drying

B  SENSITOMETRY

Introduction

With the tools needed, sensitometry can be conducted to
evaluate the Interactions of exposure and processing of
X-ray films. It is particularly utilized to maintain stan-

dard processing conditions to enaure good quality radio-
graphs.

In order to conduct an adequate sensitometry, appropriate
tools such as a sensitometer {or suitable pre-exposed satep

wedges), a densitometer and sensitometric sheets should be
at the user's disposal.
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When to conduct Sensitometry?

The frequency recommended for sensitometric evaluations
depends on several facts. As g general rule, it should be
done as often as necessary.

In X-ray cineradiography it is mandatory to do the evalua-
tion at least once a day, best before proceasing the firast
patient film.

In regular processing, once or twice a week may be suffi-
cient {f the results do not vary conslderably and do not
exceed given limits.

How to conduct Sensitometry?

If a sensitometer is available, it should be available with
a blue emitting light source of approximately 465 nm (for
blue sensitive emulsions) and green emitting light source

of approximately 520 nm (for orthochromatic emulsions). A
sample of the film in use should be exposed with the appro-
priate light source blue or green -on, the sensitometer (watch
for proper safelight in darkroom) and be processed immedia-
tely thereafter.

Note

If a sensitometer is not available, a suitable pre-exposed-
step wedge on the same film type as the one in use might

be utilized to check the processing conditions, In this
case the user must be sure that these pre-exposed step wed-
ges have been stored properly and that the latent image i»
still intact.
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The exposed and processed step wedge should be marked imme-
diately with the following important parameters:

type of film, emulsion number, type of processor,
type of developer, temperature, processing time.

The processed step wedge's density modulation (for the ori-
ginal step wedge it should not exceed D = 0,15 per step)

is then measured on a densitometer and plotted down on a
sensitometric paper, basic fog (Dnln) as well. From the
pPlotted curve the "relative speed® of the system (exposure

and processing conditions) and the contrast factor become
available.

The "relative speed" is determined via D = 1.0 plus "basie

fog" Dmin at the ordinate of the graph. HResults are expres-—
sed in "logarithm relative exposure” (lg rel E} at the ab-

scissa of the graph.

The contrast factor, mostly expressed as "average gradient"
(G), is determined between two given points as Indicated
below, depending on the X-ray technique applied:

- cinefluorography D

(0.25 and 1.25)+Dmin

- image intensifier technique D = (0.25 and 1.75)+Dmin

- menitor photography D = (0.25 and 1.75)+Dmin
= photofluorography D = (0.25 and 2.0 )-»Dmin
- film-/screen-technique D= (0.2% and 2.0 )+Dmln
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Rule 10 dersrmine the
"Avlrm Gradian “{8}:
Lidensity of muol.
Lrel g sxposurs

AD
Lrellg E

gk

The results obtained from the sensitometric paper should
be plotted in a graph daily or whenever they have been cal-
culated. Thus the following parameters may be recorded:

~ baslc fog (bmin)
- index for exposure
~ index for contrast
(see "quality check chart")

Hote

It is not necessarily hazardous if the data entered are
close 1o a limit at a certain time while the results seem
te be correct again one day thereafter.

It 1s more hazardous ir the plotted lines move steadlily
in one direction towards either limit line. This should
be watched closely, and proper actions should be taken on
time.
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Exercises on Sensitometry

Exercise 11

Exercise 1

a) Expose 4 samples of the film on sensjitometer

a) Expose 3 samples of film on sensitometer ' b) - Process 3 samples with standard temperature and
change processing speed to 1, 2 and 3 m/min per
b) Process one of ths samples with the standard tempera- sample
ture of the processor, one sample
with + 4°C and the last one with - §,% - Process last sample with processing speed 2 m/min,
lower temperature by 2 to 3°C to mateh standard
¢) Measure all three step wedges and plot them on the same processing (standard temperature/Processing speed:
sensitometric paper 3 a/min)
d) Determine "rel 1g E" and the "average gradient" (&) c) Measure all four step Wwedges and plot on sensitometric
for each of the three curves paper
€) Record the data of the three step wedges: d) Determine "rel 1g E" and the "average gradient® (@)
for all these curves
step wedge temperature rel 1g E g Dmin
I P ¢) Record the data obteined for the four atep wedges:
2] standard
c -4 c [ -
stap tampers- proc. spesd religE G Dmin
wadge turs
D {ref.} standard 3m/min
f) Draw conclusions from results: E standard 2m/min
F standard im/min
G 210 3%C 2m/min

f) Draw conclusion from results
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SCOPIX FiLM FOR CINERADIOGRAPHY
QUALITY CHECK CHART
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C DARKROOM SAFELIGHT

(Maintaining secure filmhandling in darkroom)

In general, the fact is disregarded that inproper safe-
light conditlions may fog the X-ray film and/or decrease
the contrast of the radiograph. Mostly the error is blamed
upon the X-ray film or processaing.

Whenever safelight conditions have changed and/or a new
type of film is Introduced for yse with new techniques,
testing the safelight and/or film is recommended., It Is
very lmportant that an appropriate safellght tesat be al-
ways oonducted with a pre-exposed X-ray film aince thias

is the easlest way to ensure adequate safelight conditions.
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Exerciase 1

(use un-exposed film)

This exerclse is intended to show that testing an un-expo-
sed film does not necessarily provide for reliable results
as to whether the tested film and safelight are safe in
practice {see results of exercise II).

a)

b)

c)

d)

e)

Use an X-ray film, but do not pre-expose it and put under
safelight for testing

- Cover 1/6 of film lmmediately before ex- pesing it
to safelight

- Expose uncoversd 5/6 of total film to safelight for
15 sec.

~ Again cover ancther 1/6 of film and go on accordingly.
Each time expose the remainder uncovered film to safe-
light for 15 see¢. and gradually increase exposure to
30 sec., 60 seec, and 120 sec,

If the film 1s fogged by aafelight, measure the density
in each of the & steps

Record details or test such as:

Date of test ... ... ........... .. e eneaaan
Film used for teast et ae. teeeua e aeeeana.
Emulsion number of film ..... Ceaeaas Sttt aaar e
Type of safelight _.... e e e, .. Ceaae.
Filter of safelight .......... Ceeaes et e,
Distance safelight/tested film.. ... ..., .

Time of safelignht exposure of the film....,,..... .

{0 - 15 - 30 - 60 - 120 - 240 sec.)
Density in all 6 steps ...... .

Draw conclusions from results, considering that an in-
crease in fog to more thanp D=0.05 1s not tolerable.
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Exerciase II

(use pre-exposed film)

This exercise is intended to prove that a pre-exposed f{lm
will fog faster than a fresh one (see results of exercise I},
This should be taken into consideration when testing safe-
light conditlions.

a)

b)

c)

d)

e)

Put an X-ray film (same type as used for exercise I)
into cassette with parspeed (univeraal) screens

Expose the loaded cassette on X¥-ray unit with approxj-
mately 40 kV and 12 mAs at FFD: 5 ft (1.7 m)

Take pre-exposed film from cassette and place it under
safelight for testing.

~ Cover 1/6 of film immediately hefore exposing it to
safelight

- Expose uncovered 5/6 of total film to safelight for
15 sec.

- Again cover another 1/6 of film and go on accordingly.
Each time expose the remainder uncovered film to safe-
light for 15 sec. and gradually increase exposure time
te 30 sea., 60 sec.and 120 sec.

Ir the f1im is fogged by safelight, measure the density
in each of the 6 steps
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Record details of test such as:

Date of test ................
Film used for test ...............
Emulsion number of film et et b e e
Pre-exposure data rrdieata it
Type of safelight ........cccvueu.n.
Filter of safelight ............ .e
Distance safelight/tested film ceanas
Record safelight-exposure on film

(0 - 15 - 30 - 60 - 120 - 240 sec.)
Record density in all 6 steps

Draw conclusion from results considering that an
increase in fog to more than D=0.05 i® not tolerable,
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This page refers to exercise I and II:

Graph to show how the film to be

tested i3 exposed to safe-

light.
actual exposure (accumulated):
2 /4 + 1/4 ¢ 1/2 + 1 + 224  mip.
f ﬁé 174 + 1/4 %+ 1/2 + 1 = 2  Min.
Lt 174 + 174 + 1/2 =1 Mtn,
4 112'5 1/4 + 174 = 1/2 Min,
H g 1/4 = 174 Min.
5 &
- 174 | & 0 =0 Min.
o £
£ =
2 174 |3
k 3
] 0
Compare results of the two exercises:
Compare rasults of the two axercises:
saconds axposed un-axposed film pre-exposad film increass of
1o wfslight (measure density (meature density density
of step ......only) of step...... only)
0 retorencs D= D= +D=
16 Dw De +Da=a
30 D= D= +Dm=
60 D= D= +D=
120 D= Dw= +D=
240 D= D= +Ds=

Conclusion
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Exercise ITI

Measuring of Illuminator Brightness

{use pre-exposed step wedges) Important Rule: When evaluating radiographs avold dazzling

by illuminator, use collimation whenever
poassible.

Procedure for measuring

This exercise is intended to prove that Inadeguate safe-
light conditions do not only fog the film but also decrease

Use lightmeter without diffusor.
the contrast.

Set speed at 100 ASA = 21 DIN. Measure vertically in direct
contact with illuminated area.

a) Expose 4 samples of film on a sensitometer

Exposure Value EV 1) Brightnesas 2) in cdln2
18 25 000
17 12 000
b) Process one of the samples immediately after exposure
(reference)
16 & ooo
15 3 000
¢) Expose 2nd sample to the tested safelight for 60 see, 14 1 500
next sample for 120 sec, last sample for 240 sec.
13 750
d) Record important details 12 400
1 200
10 100
e) Measure all 4 Step wedges and plot curves 9 50

f) Determine the "average gradient® (G) Very bright §lluminators

require a subduction with

a grey filter D = 200 (N 200).
In this case the resulting
exposure value EV has to be
multiplied with 100.

&) Draw conclusion from results

1) EV readings are used instead of f-atop data
2) physical exact: luminance
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The use of Lux-values is not permissable, as the relevant
factor is not light intensaity, but luminance which is given

in candela per square meter (cd/mz).

Brightness Recommendation

For !lluminators without collimation, a brightneas of 1 500
te 3 000 cd/m2 {EV 1% - 15) {s considered as optimum.
However, the radiologist must keep in mind that densities
of more than D 2.3 cannot be evaluated properly {(dazzling!).
When the radiograph ias properly collimated the optimum
brightness is 3 000 to 6 000 cd/m? (EV 15 - 16). In this
case the total range of the radiograph can be evaluated.

RADIOGRAPHIC EQUIPMENT

COLLIMATOR, BEAM ALIGNMENT, FILM— SCREEN -~ TESTS.

In case of veny high densities (D 3.0 or more} the luminance OUTPUT: REPRODUCIBLLITY AND LINEARITY, BEAM QUALITY
level of the relevant image area should have at least GRID ALIGNMENT
10 cd/m“ (DIN 55U 111}, to prevent loss of perception. —_——

MATERIAL

The required brightness is figured out from

Pen dosimeter

Collimator test tool

Beam alignment test tool
Attenuator set (AL)

File screen contact test tool
Lead blockers

g Hy = 1+ Dor H, = 10'*P

Dazzling has to be prevented in every case!

The amblent light 1in the room has to be kept low. It is
measured near the illuminator in Lux-values (light inten-
sity). To do this a lightmeter with diffuser can be used.

Densitometer
The 1light of the illuminator has to be shut off for this
purpose. Only after the roomlight has been subdued to 50
Lux or lesa there is no mere impairment of perception.
AUTHOR

When setting the lightmeter at 100 ASA (= 21 DIN) there is

the following context between EV and light intensity Lux: Dr. M. GoBrau

2 EV/10 Lux - 3 EV/25 Lux - 4 EV/50 Lux - § EV/100 Lux -
6 EV/200 Lux (Lux: approcimate vaiues)
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Parameters and components to be tested

Collimator

. Beam alignment

Film - screen

Output: reproducibility
Output: linearity
Qutput: quality (HVL)
Grid alignment

e T - TRV T Y VR N S

General remarks

In the following exercises the test equipment from Radia-
tion Measurements Inc., PO Box 44, Middleton, Wisconsin
53562 (RMI) will be used. This does, however, not mean any
preference of this manufacturer.

Among the numerous publications on Quality Assurance for
radiographic X-ray units there is one containing a detailed
list of manufacturers and suppliers of test tools (AAPM

Report No 4: Baslc Quality Control in Diagnostic Radlology,
1978).

Except for the tests concerning the output of the X-ray
unit, consideration wili be given exclusively to parameters
relateded to the mechanical componentas.

Thereby emphasis {s laid on the fact that it is mandatory
for the mechaniecal components of a radicgraphic X-ray unit
to be in a good condition. Any quality assurance programme
should therefore include a goneral survey of mechanical
stability and integrity.

All tests are feasible with rather simple tools which in
most cases can be constructed by the user himself, The tests
are suited for routine checks. However, no general recommen-
dation can be made as to how often such checks should be
performed because this should be decided individually accor-
ding to the situatien in the X-ray department concerned.
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Exercises

1. Collimator
1.1. Intreoduction

The light fleld provides for simulation of the X-ray field
in size and location. These two fields should therefore be
congruent within reasonable limits. Although the collimator
test can be done convenlently using the collimator test
tool RMI 161 A, there are several other poassibilities to

do this test without a commercial tool, e.g. using coins

or metal strips in a defined position,

1.2. Test procedure

At first, bring the tube in a position with the tube axis
perpendicular to the table and center it so to the table
that the focus-table distance is 1 m.

Place the collimator teat tool im the center of the light
fleld and adjust the light field to the lines marked on the
test tool. Load a 24 x 30 cm cassette and perform an exposure
with 60 kV snd 2 aAs.

1.3. Evaluation and discussion of results

There 1s a good congruence between the light and X-ray beanm
when the image is within the lines marked on the test tool.
If any side of the image falls on the first or second apot,
inside or outside the borderlines, there will be a misalign-
ment of + 1 cm or 2 ¢m corresponding to 1% or 2 § of the
chosen focus-table distance of 1 m. The results can be noted
in the following form:
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Congruence of 1llght and X-ray field

Department: Roem No.
X-ray unit, modell: Manufacturer:
Focus-film distance: m; field size: X cm2
Film and exposure data used: kV, mAs

Date Deviation in cm Total dev. %

left right top bottom horizontal vertical

Remarks, Sign.
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Remark:

In addition to the alignment of the X-ray and light field,
the alignment of the X-ray field and image receptor, in ocur
case the film, s required,

To check this condition, the center of the film may be marked
by drawing diagonal lines on It and may be compared with

the center of the imaged X-ray fleld. The devistion should
not exceed 23 of the focus-film distance.

Questlion:

What are the maip causes of deviations between the light
and X-ray rield?

2. Beam alignment

2.1. Introduction

This test is recommended to be combined with the collimator
teat (1). The additional tool (RMI 162 A) required for this
pPurpose consists or a plastic eylinder containing two steel
balls. These are situated exactly one above the other when
the cylinder 13 placed on a level table,

2.2, Test procedurae

Make the same arrangement as described under 1.2. and place
the allgnment tool into the center of the collimator tool.
Perform an exposure (60 kV, 2 mAs, focus-table distance

1 m), develop the film and evaluate the image. The film
should be kept as a document and for comparison with future
tests.
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2.3. Evaluation and discussion of results

The used tools enable for direct evaluation if the focus-
table distance is 1 m. The images of the steel balls may
be Interpreted as follows:

1. The images of the two balls overlap within the inner
clrcle:

the central axis beam is

perpendicular to the table
within 0,5°

2. The image of the top ball lies on the first circle line:

misalignment of about 1,5°

3. The image of the top ball lies on the second circle line:

misalignment of about 3°
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Remark

The measurements are performed on the table and not in the
Plane of the lmage receptor (cassette). The results are,
therefore, only meaningful when the plane of the image re-
ceptor is parallel to the table plane. This must be checked
before.

3. Film - screen
3.1, Introduction

To ensure constant quality of radiographs, it 1s important
to use only cassettes in a good condition. These should,
therefore, be Inspected for mechanical damage in regular
intervals (e.g. 1 year) in order to eliminate cassettes

with faults due to stained or yellowing areas, dirt, light
leaks etc.

When the screens have been cleaned, the material recommended
by the manufacturer should be used excluasively.

There is a aimple poasibility to test film screen contact
and screen integrity with a test tool (AMI 142) consisting
of a wire mash ( 3 1lines per cm) embedded in plastic. In
lack of this tocl, a npormal wire mash may be used as well.

3.2, Test procedure

Load the cassette to be tested, put it on the table and place
the test tool on 1t., Adjust the light field to cover the
whole cassette and perform an exposure of approx. 50 kV and

2 mAs at 1 m focus-table distance.
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To check the speed of screens, another test can be done with
a2 radiograph using 4 cassettes simultaneously, one orf which
is a master cassette with known speed. The geometric agrran-
gement on the table would be as indicated in the following
figure:

X-ray field
|y T

table

1-4: cassettes
to be tested

3.3 Evaluation and discussaion af resylts

The image obtained by means of the wire mesh tool should

be inspected on a view box from a distance of about 2 m where
areas of bad contact will show a slight increase in density,

When inspected from a shorter distance, such areas will show

a 3lightly blurred image of the wire mesh.

The result of the speed test should be equal vlshal
densities; when a densitometer {s used, the variation should
ot exceed + 0.2 0D,

The results orf the film screen contact teast may be recorded
in a data form like the following:
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Survey of film screen contact

X¥-ray unit used:

No.

Screen type

Size

Test date

Good cassette

Yu No

Remarks
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h Co &0
4. Output: Reproducibility 3) & typica; Ialue ;o; accuracy (measured wit '
midacale 3 + 1 .

4.1. Introduction
4) There is an electrical leak of about 1 - 2% from full
The output is one of the most important parameters of an scale per day.
X-ray unit. The general output measurement procedure has
been discussed in part 1 of these exercises. In the follo-

wing, one special aspect will be considered, viz. the re- 4.3. Evaluation and discussion of results

producibility of the output which is expressed as the co-

efficient of variation of several output measurements. The measured values may be recorded using the following
form:

H.2. Test procedure
Output reproducibility survey

Place a pen dosimeter on the table and adjust the light

field to this dosimeter. In order to obtain well defined Department: Room No.:
conditions and a minimized backscatter, it is reccmmended X-ray unit, model: Manufacturer:
to place a piece of lead under the pen dosimeter. Date: Doaimeter No.:
Exposure parameters: kV, mAs, m focus-table
The exposure parameters should be equal to those of normal distance
clinical use and produce a reading approximating the full Reading Exposurs X, xi—i (xi_mz
scale of the dosimeter. Example: focus-table distance 1 m; No. (mR)
70 kV;30 pAs.
1
2
Remark on pen doslmeters:
3
This simple instrument may be used often to measure exposiure 4
for QA-purposes, The following advices should be observed
then: 5
6
1) There are different types of pen dosimetera depending
on the radiation quality to be measured 7
‘ 8
2) There is a great variety or measuring ranges, the most
common one for personnel monitoring is 0 - 200 mR. )
10
x. 1P T (X — %)
x.mﬁxl X, )
0=
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The coefficient of variation for these measurements is

calculated from
¥ (X - %)2
n.':-i1 _1_(;__1__
n—

where n = 10 i3 the number of measurements,

The value of ¢ should not exceed 0.05 = 5%.

Reference: Quality Assurance Handbook, RMI, 1981

5. Output : Linearity

5.1. Introduction
=axroduction

When using a unit that permits selection of kV, wA and sec.,
it is important to be sure that the output of mR/mA is inde-
pendent from the mi station ysed. This may be checked, in

regular intervals (e.g. 3 months), by measuring the exposure.

5.2. Test procedure

The arrangement is the same as in section 4.2.; a lead
blocker 1s used for analogous reasons. The exposure para-
meters should be those of general clinical use {e.g., focus-
table distance 1 m, 70 k¥ and 30 mAs). They may be slightly
changed in order tgo obtain a reading approaching the ful}]
scale of the pen dosimeter. During the measurements, kV
and distance must be kept constant. To avoid statistical
errors, 10 measurements are made for every station and the
average values are taken. When testing the linearity of 5
stations, the following form may be used.
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5.3. Evaluation and discussion of results

The coefficient of linearity between two stations, e.g.
station 1 and station 2, 1s defined as

with x1 and x2 as the corresponding values of the output
mR/mAs.

When the stations considered are adjacent to one another,
¢ should not exceed 0.1 (that means a difference of 22%

between the values of X).

Some authors require this criterion to be fulfilled for the
stations wlth maximal and minimal values of mR/mAs as well.

Remark:

The absolute value of the difference xA - xa is used in order
to avold negative numbers for c.

romarks
12" : )
23" : -
¥ : -
cagr— .
Cmax,min : -
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Output linearity survey

Department: Room nr.;

X-ray unit, modasi: manutacturer:

Date: dosimeter nr,:

kV: focus wble distance: m

Randit.u Station ) Station 2 Station 3 Station 4 Station 5
Ne.
mA| 5 mAs/mA mAsI mA| s |mAs/mA| 5 [mAs| mA mAs
Exposura (mR)
1
2
3
4
5
)
7
B
——e
8
- —

10

>
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6. Output: HVL

6.1. Introduction

In addition to the two parameters for repreducibility and
linearity describing the output quantity, it is common to
measure the HVL of the X-ray beam in order to obtain an
indicator for {ts quality. Normally Al is used and care
should be taken to use materia} of high purity, since
working with alloys might produce false results.

6.2, Test procedure

To determine the HVL the same set-up is used as that indi-
cated in part 4,2., 1{.e. the dose measurements are done

with a pen dosiwmeter placed on the table. The attenuators,
varying from 0.5mm up to 5.0 mm Al, are fixed at the colli-
mator housing with a tape. As an initial test, the measure-
ments should be done at several kV settings within the clini-

'cally used range. As a routine test, it is common to use

80 kV for comparison with former resulta.

The focus-table distance and the mAs setting have to be
selected in a way that the dosimeter reading approaches the
full scale. To ensure consistency, 3 readings are donme and
the average value iy used.

For documentation of results, the form shown below may be
used.
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——» EXPOSURE mR
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Room No.:
Manufacturer:

Department:

X-ray unit, model:

Date: Dosimeter No.:

Expoaure parameters: kv, mAs, m focus-table
distance

Inherent filter: Added filter:

Attenyator mR reading
thickness No.
(mm A1} 1 2 3

average
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6.3. Evaluation and discussion of results

To determine the HVL, the dosimeter reading is plotted
versus the attenuator thickness. The plot is usually done
on semi-log graph paper. For initial testing, the whole
curve should be plotted, whereas routline tests may be done
by plotting only a few points near the expected HVL value.

Compare the measured values with the recommended values
You know.

too low?.....
What may be the reason ir HVL is

toe high?....

too low?......
What may be the consequence if HVL is

too high?.....

7. Grid alignment

T.1. Introduetion
- oderlon

The proper alignment of the radlographie gria should be
controlled because in the case of misalignment two para-
meters will be influenced:

- patient dose 1s increased
~ image quality is decreased.

Grid cut-off caused by incorrect source-~grid distance
(i.e. grid not used within the focal range usually marked

on it) or upside-down focussing may be detected very easily.

The following test is desligned to find out any lateral dis-
placement of the grid.
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T.2. Test procedure

The used test tool RMI No. 144 consists of a lead bloaker
(plastic covered, 0.2 cm x 9 em x 23 em) with 5 holes
(diameter: 0,9 cm) spaced at a distance of 2.5 cm from one
another (see diagram). The additional small holes are for
orlentation purposes only,

Schematic sat-up

i ———— (:)
1 direction of latersl
: tube displacemant o O °
|
|

beam axis i O
| test 100l

I, O
o] o]
cassetis
O

Top view of tait tool
{dont scala)

Place the tool on the table, load a cassette {20 cm x 25 cm
or larger) and center the tube on the middle hole. Cover
the other holes with two small lead blockers and perfore

an exposure (60 kV, 5 mAs) resulting in a density between

1 and 2.

Subsequently, move the tube in a perpendicular direction

to the grid lines {see dlagram), centering it to the
additional 4 holes and performing exposures in the same way
as described before.

Process the film, measure the optical density and record
results in a form like the rollgwlng:
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Grid alignment survey

Department:
X-ray unit, model:
Grid ratio:

Exposure data: kv,

-

Room No,:

Manufacturer:
Focal dlistance:

miAs, m{focus-table distance)

Date

Measured optical densities
hole nr,

2 1 0 1 2

Remarks

Sign.
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If there is proper alignment, the density of the center
hole should be maximum and the density values of the
ad jacent holes should fall off aymmetrically.

In this case an adequate alignment within 1.25 em (the
holes are spaced 2.5 cm) will be found which 13 an aceept-
able tolerance for routine use of most grids.

To avoid any misinterpretation, the collimator and the
centering of the beam should be checked before this test.

Question:
What may be the cause of grid misalignment?
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FLUDROSCOPIC EQUIPMENT

IMAGE QUALITY: RESOLUTION, CONTRAST. ALIGNMENT, ACCURACY
OF READING INSTRUMENTS,AEC — FUNCTION TEST, DOSE RATE LEVELS

MATERIAL:

Test body having the properties and structures needed to
measure the six parameters of image quality as identified
below. (Description of Al-Testbody see p. 224 £.)

Tape measure (150 cm)

Tube (pesak) voltage measuring device (60 kV to 150 kv}

Pen dogimeter (200 mR)

Exposure rate wmeter (50 R/s to 2500 R/s)

AUTHOR :

Dr. T. Bronder
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1, Introduction:
Sntroduction:

The task of quality control is to measure characteristic
parameters and to compare the measured values with those
identified using the same X-ray equipment earlier or at
other equipments under the same measurement conditions.
Values gjiven by a manufacturer, a national or an jinter-
national commission can be compared with these quality
control data. There are two classes of parameters:

a) parameters describing the relative image guality under

special conditions (i.e, test patterns)
b} parameters describing the absolute properties of the
components of the X-ray equjipment.

0 a): In this exercise, the relative quality of the
fluoroscopic image will be evaluated by the follo-
wing six parameters:

1. limiting resolution
2. threshold contrast

3. visible object field size (scale, operating mode)

4. image distortion (radial and tangential)
5. brightness homogenity
6. ®afterglow”

to bj: In addition, the quality of the following important
components of the £luoroscopic equipment will be
assessed:
- diaphragn system (alignhment)
- reading instruments {accuracy of =gy« and EAP)

= automatic exposure control (AEC-function, variable

quantitieg: ="kv*® and/or “maA*, controlled levels
of exposure rate, alignment of the usefu) beam.)
~ size and alignment for the sensitive area of AgC
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Therefore, the following parameters will be measured for
different working conditions of the components mentioned;
1. tube peak voltage
4. distances (lateral and paralle) to the central beam}
3. field sizes
4. exposure at the entrance of testbody
5. exposure rate or dose rate (behind the testbody)

at the entrance to the image intensifier.

2, Checking procedure

Before starting the quality control measurements, record
the following date (see "Record of measurements® Sec. 3)
- [0oom and date

- decription of the X-ray equipment

- description of the test equipment used

Now you can perform the quality agsurance measuremants and
comparisons

2.1. Image Quality

- place the test body next to the imaging system,
align the image to the center and adjust the ugeful
beam to the size of the monitor.

- vary the combinations of operating modes and observe
the resulting image structures. The most important
image parameters are the limiting resolution and the
threshold gontrast.

- for quality control, the date must be compared with
earlier measurements or the absolute values of
tolerances given by the manufacturer.

You can alsc compare your measurements with the data
measured using the san: reat equipment with other
X-ray equipments.
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b} Type of controlled exposure area (CEA)
- Center the test body in the image field, gradually
close the diaphragm and cbserve the instruments
indicating tube voltage and tube current

2.2, Alignment of diaphragm-imaging system

- Center test body and collimate the diaphragm-pairs

of each direction to its center. .
- An “average value" - control will work as soon as

the diameter falls short of about 1/2 of image dia-
meter. A "peak value” controll will not work until
the field is very close to about 4 cuz. Compare
with data given by the manufacturer.

- A deviation of 1 cm may be acceptable.

2.3. Accuracy of reading instruments

a) Tube voltage reading
- introduce the probe of the tube voltage measuring
instrument into the x-ray field and vary the tube
voltage control.

€} Size and alignment of the controlled exposure area
= Center to the "absorption hole” of the test body

and close an one pair of diaphragm {horizontal
- compare the measured values with the reading at R P phragm |

the x-ray equipment. The acceptable tolerance is
given by the manufacturer's indications {or IEC).

or vertical) to 1 cm, Move the image intensifier
{lateral) in tha horizontal or vertical direction.
With the "abscrption hole® at the border of the

. controlled expogure area, the AEC will work
b) Exposure area product reading (EAP)

- collimate to a defined area in the plane of the
dosimeter (with the help of the test body)} and
perform an exposure for about 1 minute.

- calculate the exposure area product using the
measured values and cowpare it with the EAP meter
reading of the X-ray equipment. The tolerance is
given by the manutacturer (or IEC) .

strongly (look for instruments or intensity).
Measure four distances to the image border for
different directions.

- Compare the size and alignment with earlier measure-
ments, data measured with other x-ray eguipments
or the manufacturer's indications.

d} values of exposure rate or dose rate in the plane
of image intengifier (IMI1)
- Place an absorption plate {Water phantom, Copper
or the Aluminium testbody) into the X-ray field
next to the focus, and a dosemeter probe next to

2.4. The automatic *xpOSure rate control (AEC)

2) Range of automatically adjusted quantities (“kv"

and/or “"mA")
the image intensifier. Adjust a great distance and

collimate to the diameter of the dosemeter. Select
the two settings of dose rate levels and read each
time the values Of tube current, tube voltage and

- Vary the combinatjons of operating modes and read
the tube voltage and the tube current {without the
test body) at opened and closged diaphragm.

- The AEC must work according to the manufacturer's

soa . oS te.
indications measured dose ra
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- If the antj-scatter grid was between the dosemeter
probe and the image intensifier, correct the dose
rate J, with the formyla:

2 .
J2 = tgrid X (dl/dz) XJi with fgrid' 0,6
fgrid‘ transmission factor of the grig

d1 : focus - probe distance
dz : focus - image intensifier distance

For transforming the values from 0ld to new S1 -
units use the relatijon:

100 /uR/s 1 /uGy/s {in air)

- Compare the values of both dose rate levels {key 1
and key 2) with the data givaen by the manufacturer,
At 80 kV they should not exceed;

40 /uR/s (lower level)
100 /uR/s {high level). (gee "WHO-Workshop
oh QA" paper 1980}
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Record of measurementsg

Room Date:
A. Description of X-ray eguipment

Type of (imaging) systems:

Geometric data

- Focus-table top distance: cm

- Spotfilm-device - imaging system distance:

a) Film cassette
b) Image intensifier (or fluoroscopic screen)
-~ Diameter of image intensifier (IMI):
- Field of fluoroscopic screen (FLS) : cm
- TyPe of generator:
~ Operating knobs, switches and keys for
- tube voltage: from kV up to kV
- tube current: from BA up to mA
or: level 1; uh
level 2: mA
level 3: nA
= automatic control type: control key
control key
control key
- dose rate level (at automatic control)
DR leve]l 1: /unfs
DR level 2: /uR/s

Reading

instrumenta for
QOtube voltage
Otube current
Oexpusure area product (EAP)
Qexpusure time

CR

: (mA)
1 (kV)
: (mA+kVY)

/uGy/s
/uGy/s
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3. Accuracy of reading instruments
Measurements
a) "kv"-meter
1. Image Quality .
Focus - IMI (FLS) distance : cm selected tube voltage (kv)
Focus - test body distance : cm measured tube voltage (kV)
Image area in the plane of test body : cm # for IMI
(visible object size) { cm x cm) for FLS b) EAP-meter
selected automatic control type (key): tield size at dosemeter distance: cm x cm = cm?
selected dose rate level (key): measured exposure dose: R = Gy
tube current (selected) (mA) : reading of EAP meter: R x cn2 = Gy x cn2
tube voltage kvy compured EAP : R x cm? = Gy x cm?
limiting resplution (Lp/mm} :
threshold contrast (Step No.) :
4. The automatic exposure rate control {AEC)
2. Alignment of the tube agsembly to the imaging system
a) range of automatically regulated quantities
Focus-IMI (FLS) distance : cm (kV and mA)
Pocus-test body distance : cm automatic control type (key):
Diaphragma center in the Plane of test body: dose rate level (key) :
»+- €m left/right from image center tube voltage at opened collimator (kV):
+++ CW over/unde: the image center tube current at opened collimator (mA}:
tube voltage at closed collimator (kv):
tube current at closed collimator (mA):
b} type of controled exposure area {CEA)
lenght of gquadratic field size {cm): A0 2,5 2,0 1,5

[

Brightness;

tesults: average value control {) peak value controlQ
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€) Size and alignment of controlled exposure area
Focus - IMI distance: cm
Focus - Test body distance: om
Image diameter in the plane of the test body;
border of controlled eXposure area, measured
distance:

cm from the upper image border
cm from the lower image border
cm from the left image border
¢cm from the tight image border

d} Controlled dose rate at image intensifier

focus - dosemeter chamber distance: 4, = cm
focus - image intensifier distance: d2 = cm
anti-scatter grid between chamber and IMI no Q.
O yes calculatete the dose fate at d, with

fgfld = 0:6
dose rate level {key) :
tube voltage (kv) :

tube current {mA) H
measured dose rate (/unla)z
corrected dose rate (/uR/a]

(1f necessary)

Results and consequences of the qualitiy control

{Ate the measured data in agreement with absolute
tolerance values or with data You measured at the same
X-ray equipment earlier?)

Cch
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Discussion of measurement results

1.1

3.2

Describe the variation of image quality ("limiting
resoclution® an "threshold contrast™) depending on
different tube voltages if the dose rate at imaging
system is constant.

Describe the variation of image quality depending on
different dose rate if the voltage is constant.

Which components of the x-ray-equipment must be aligned
on the central beam?

To what extent do the patient exposure and the image
quality vary if the anti-scatter grid is misaligned?

Which tolersnce do you think to be acceptable for
accuracy of the tube voltage and the exposure area
Product reading? (1 %, 5 %, 10 %, 30 %)

Which quantitaties should be read at the x-ray-equipment
with instruments built in and why do you need these
readings?

What advantages has an automatic exposure rate control

with

a} automatic requlation of both the tube voltage and
the tube current?

b} automatic regulation of the tube voltage only?

Describe a siaple method for testing the function of
the automatic exposure rate control and the equipment
used for the check.



Inteqrated Test Body for Quality Assurance in Diagnostic

Radiology

A} Description of the integrated Al-test body for radio-
graphy and fluoroscopy

Material:

250 mm x 250 mm x 25 mm Aluminium (Type: Al Mg 3}
Al with S§i and Mg (no Cu, etc.)

Tests {(built in, see Fig. 1}

1. Line~Group-Test Nr. 38/0,05
(Price: DM 90,--,
Fa. Hittner
An der Schwedenschanze 1
D - 8551 Heroldsbach/Thurn)

0.6 Lp/mm to 5,0 Lp/mm
50 mm x 50 mm (0,05 mm Pb)

2. Contrast-Step-Test
7 steps: B mm &
0,9 mm ... 0,2 mm deep in Al-test body

For numbering:
7 lead~numbers in holes,
3 mm deep, 8 mm &
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3. Only for fluoroscopy with TV-monitor: Two Contrast-Fields
a) Brigth-contrast-field (right position}
25 mm x 25 mm x 2 mm deep in Al-test body
with a centric circle 8 mn &,
4 mm deep in Al test body

b} Dark-contrast~field (left position)
25 mm x 25 mm x 4 mm deep in Al-test body,
with a 25 mm x 25 mm x 1 mm thick copper and
a centric circle of copper 0,2 man thick, 8 mm &

4. Only for flucroscopy with TV and automatic exposure rate
contrel: Bright hole (absorption hole)
10 mm 0, 15 mm deep with a fastener at the opposite plane
of the test body.

Grid of lines:

For measuring of lateral distances in the picture and for
positioning of the test body and the diaphragm under fluoros-
copy.

Two central lines 3 mm deep (vertical and horizontal) and
parallel lines 1 mm deep in distances of 10 mm.

Two gquadratic field-lines

100 mm x 100 mm and 200 mm x 200 mm,

3 mm deep in Al-test body.

All lines are 1,5 mm or 2,0 mm wide.

All lines must not be at the positions of the 4 tests.

Markers for radiographic pictures:

For positioning of the test body with respect to the light-
field of the collimator there are some markers:
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4 Centering markers

2> mm x 2 mm and 1 mm deep

4 field-edge-markers {or more for other fields)
25 mm x 2 mm in each direction and 1 mm deep.

4 bases:

Distance-bases for different positioning of the test body.

Clamp for pen dosimeter:

Holder for pen dosimeter at the side of the test body to
the focus facing.
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Line-Group-Test

Two Contrast-Fields

Contrast-Step-Test

Grid of Lines

Figure 1;

integrated testbody - View of the piane of test-structures
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Figure 2:

Integrated testbody -

Positions of the test-structures
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B) Measurements with the Integrated Test Body

This integrated test body is very useful for

checks of the long time constancy of the x-ray equipment
comparing different x-ray equipments or components
measuring of some x-ray equipment parameters which in-
fluence the quality of the x-ray image

demonstrating or testing the different image quality under
different conditions of the x-ray equipment parameters

Some measurements are listed in the following tabel.

Remark: For all measurements the

description of the X-ray equipment components
adjusted values of geometric parameters (focus

size, distances, field sizes)

values of electrically controlled parameters (kV, mA,
mAs, s, position of control knobs)

must be recorded together with results of the measurements

in a protecol.

Aliqument of the x-ray equipment components

~ light field - x-ray field

- %¥-ray field - patient table (if it is fixed)

= x-ray field ~ film cassette holder

- %x-ray field - fluoroscopic screen or image intensifier
entrance screen

2. Deviations of the field size between different x-ray

equipment components

- light field x~ray field
- indicated collimator setting - x-ray field
visible diameter

I

- indicated image intensifier diameter
- automatically controlled x-ray - film dimensions
field size
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7. Deviation of the contrast in the x-ray image
3. Deviations of the dose or dose rate

- depending on different types of radiographic films
- depending on different kV

- of indicating instruments (exposure area product meter)

- in the test body entrance Plane depending on the time - depending on time (after some months) at fluoroscopy
(after some months) (the same TV-monitor brightness and contrast must be

- behind the test body, compared with international adjusted)

pPatient protection limits or depending on the dose

value, which is needed for a picture. For measurements

of the dose {rate) behind the test body there must

be a great distance between the test body (nearer to - depending on the individual setting of the knobs

the focus) and the dosemeter chamber {position with

for TV-brightness and TV-contrast
distance bases),

8. Deviation of the TV-monitor contrast

4. Deviations of the optical density

- depending on the time (every week)

| brightest
- of different X-ray equipments (at the same conditions

for field size, distance, kv, mAs)

darkest — ]

5. Deviations of the focus size (with the line-group test)

S bright
- depending on the time (after some months) dark d
- different x-ray tubes (at the same measuring conditions) ﬁa }D
For that measurement the test body must have a shorter // //
distance to the focus but a greater one to the film Knobs for adjustment

cassette (position with distance bases) of brightness and contrast

s Figure 5
6. Deviations of the resalution in the x-ray image

This schematic picture shows only the TV-x-ray-image of

~ depending on different tYPes of intensifying screens the two monitor contrast fields {the scale and relative

- dependi i
eépending on time (after some months} at fluoroscopy distances are not correct).
(the same TV-monitor brightness and contrast must be
Huseed Adjust a correct TV-monitor contrast and brightness for
reproducible measurements of the image guality. (This adjust-
ment is near the optimal conditions for practical fluoros-

copy.)
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SPECIALIZED X — RAY SYSTEMS

DENTAL UNIT: USEFUL BEAM DIAMETER, EXTRAFOCAL RADIATION, OUTPUT,
TIMER

SURGICAL X — RAY UNIT: MECHANICAL STABILITY, DOSE RATE AT THE
ENTRANCE OF A PHANTOM,RESOLUTION AND CONTRAST IN THE “DIRECT"

AND "STORED" IMAGE. RADIOGRAPHIC UNIT WITH A MEDIUM FREQUENCY
GENERATOR

MATERTAL:

- Pen dosimeter 0.5 R
Charging device
- Low-dose dosimeter DIAMENTOR DALI
- Film cassettea with screens and films
Size 13 x 18 cm2 and 35 x 35 cm2
- Copper sheets
35 x 35 cmz. thickness 1.0 mm and 0.5 mm
- Copper step wedge with 0.2 mm steps
~ Polyethylene water can
25 x 30 x 30 om3
- X-ray test patterns
(calibrated in line palrs per mm)
~ X-ray wire test patterns/Aluminium DIN 54109
- Mammographic Phantom, KODAK

« Low absorption sheet with holes of different dlameters
- Lead sheet

50 x 50 cmz, thicknesa 2 mm
- Lead screens

30 x 40 cmz. thickness 0.1 mm

AUTHOR

Dr. G. Lang
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A Measurement with the "Multi-Pulse-Unit"{BRS)

1.0,

1.1,

1.2,

1.3.

2.0.

Checking mechanical stability of the device

Perform two exposures with the size of the fields
smaller than that of the used film-screen combination.

Exposure (a) to be made with vertical axis of the useful

beam. Exposure (b) to be made with horlzontal axls of
the useful beam. Set the rield size using the light
beam diaphragm or by observing the X-ray field using

a lluoroscent screen. In the latter case, adequate ra-
diation protection measures mpust be taken, Determine

the interdependence of beam direction and field center.

Expected results:

The ecenter of the X-ray field may deviate depending
on the direction of the useful beam.

Actuate all possible motions of the unit. Repeat the
exposures according to 1.1.. Establish the varlations

of the values found for the deviation as indicated
under 1.1.

Assess the significance of results for practical work,

Expected results:
Deviations from the center of the X-ray field will
oceur. These might be irrelevant for practical work.

Measurement of the dose output using the pen dosimeter

Plot the dose rate at 1 m focal-apot distance as a
function of kVp (measurements at 60, 70, 80, 90,

100 kVp)}. Measure the dose rate at three exposure
levels.
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Prior to the measurements, establish the standard

deviations under the conditions given at a setting of
80 kV and at one of the three exposure levels. Check
the influence of backscatter (lead, copper, plexiglass).

Expected results:

Dose rate output as a function of kVp, assessment of

the accuracy of dose rate measurements.

3.0, Test exposures

3.1. Perform 3 exposures with the 15 cm water phantom at
65, 70 und 75 kV. Plot the optlical density as a function

of ¥Vp.

3.2 Perform 3 exposures with the 1,5 mm copper phantom at
65, 70 and 75 kV. Plot the optical density as a function

of kVp.

Expected results:
Different slopes of the plots.

4.0 Qualitatjve checking of pulsation of X-ray output

4.1. Cover ths X-ray tube assembly with a lead shield
2 mm thickness. In the center of the X-ray fleld
i1s a 2 my hole, enabling a 2 mm diameter beam to
out of tne tube assembly. Perform an exposure of
least 0.2 sec. at 60 kVp at lowest tube current.

of
there
come
at
During

exposure move a loaded fllm-screen cassette behind the
hole of the lead cover at a speed of about 60 cm/sec.
Observe the radiation protection measures to be taken.



5.0
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Expected results:

Viewing both the relatively high frequency of the X-ray
pPulses and the low ripple,the beam path on the film
should not have a marked periodical density structure.

Qualitative checking of the extrafocal radiation

Using the confi{guration under 4.1,, a "pinhole” radie-
graph of the area emltting extrafocal radlation is made.
Stop the central beam emitted by the focal spot by means
of a circular plece of lead (diameter approx. 5 mm),
Exposure time to be established by experiments. The
distance between the film and pinhole must be two times
that between the pinhole and foecal spot. Twe additional
pPinholes in the lead cover will serve as a means to
calculate the exact scale of enlargement.

Choose a cassette of the slze 13 x 18 cm2. the 13 cma

side should be parallel to the direction from the cathode
to the anode.

Expected results:

The area emitting extrafocal radliation will be depicted.
The linear dimensions (e.g. diameter, {f circularly
shaped or side length if square shaped) may be assessed.
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B Measurements with the Dental Unit

Assessment of pulsation

Perform the simple test procedure (U4.1.) using the
dental unit.

Expected results:
Pulsation of 50 cyclea/sec. leads to density periods
of beam path on the fi{lm.

Dose rate measurements

Measure the dose rate as a function of line voltage.
Plot the gjose rate at a focal spot distance of 1 m.,

Expected presults:
Influence of line voltage on dose output.

Test exposures with dental film

Use a phantom corresponding to a molar to perform ex-
posures at line voltages of 200 V, 220 V and 240 V.

Expected results:
Slightly differing film density. Slightly differing
image contrast.

Qualitative check of the extrafocal radiation

FPerform the first exposure with the 10 cm FSD dental
collimator using a film screen comblnation of

13 x 18 cmz. Keep exposure time very short (e.g.

0.2 sec). Go on with a second exposure under the same
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geometrical conditions but with very long exposure
times (e.g. 3 sec). Compare the two exposures to show
the area irradiated by extrafocal radiation.

Expected results:
Extrafocal radiation may lead to wrong interpretations

of the collimator function, if the exposure time is
too long.

Assess the dose rates of the extrafocal radiation by
exposing a set of at least 3 films to the penumbra of
the extrafocal radiation. The penumbra is generated
by a ¢lrcular lead beam atopper placed as near as
possible to the focal spot. Its diameter has to be
about 3 mm. Plot the densities of the three films as
function of exposure tilme. Allow for a density of

D 1.0 and correlate with the dose.

Perform another set of exposures with the direct bean.
Plot the densities of these exposures, allowing for

a density of D=1.

To obtain the proper dose rate range, the exposure time
must be low and the FFD enlarged, if necessary. Corre-
late the density D=1.0 with the dose rate. The doses
at which approximately equal density (e.g. D=1.0) 1is
found enable the percentage of extrafocal radiation

to be estimated as compared with the total radiatien.

Expected results:

Assesswent of pergentage of extrafocal radiation.
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C Measurements with a Surgical X-ray Unit

10.0

10.1.

11.0

12.0

13.0

13.1

Checking the mechanical stability of the device

Principally, this check is done in the same way as
described under 1.1, but no exposures are performed.
Instead of this, the central beam is marked by a

2 mm diameter lead piece attached to the collimator.
The deviation of its fluoroscopic shadow is taken as

a measure for mechanical stability. (The TV camera

of the unit is flanged firmly to the image intensifier
via its housing and fiber optics. Therefore no unwanted
deviations of pietures may be expected from this side).

Expected results;
Neglegible deviations of the lead plece shadow for
different directions of the useful beam.

Repeat experiment 4.1 using the surgical X-ray unit.
Expected resulta:

See under 6.1

Measure the dose rate as a function of kVp settings
with different exposure rates.
See under 2.1 for method and expected results.

Measurements with fluoroscoplc mode
Set the dose rate at the image intensifier entrance

window at 20 /uR/sec using a DALI dosimeter. Use
a 15 cm water phantom at 80 kVp.



13.2.

13.3.
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Measure the dose rate at the beam entrance side of

a water phantom as a function of the penetrated water
thickness. Perform the measurements with the pen dosi-
meters of 10 em, 15 cm, 20 om and 25 cm water ticke
ness.

Check the entrance dose rate simultaneously according
to 13.1.

Expected results:
Increase of "skin doses" with increasing thickness,

Deviationa of image Intensifler entrance dose rate
from the value according to 13.1.

Assess the resclution and contrast of the fluoroscopic
images by visually estimating the fluoroscopic images,
line pair structures, holes with different diameters

in low absorption sheets, etec, Do the assessments for
different thickness of penetrated water. Use normal
fluoroscopic images and stopred images. Plot the minimum
sizes of perceptible detalls (1line pairs, holes,wirea

of different diameters, etc.) as a function of water
thickneas.

Expected resuylta:
Decrease of perceptible details with increasing thick-

ness. 5light differences between stored and direct
fluoroscopic imagaes.

i APPENDI

REFERENCES

AAPM Report No.4: Basic Quality Control in Diagnostic
kadiology (1978)

Christensen, Edward E., Thomas S, Curry, James E. Dowdey:
An Introduction to the Physics of Diagnostic Radiolegy,
2nd Edition, Lea & Febiger, Philadelphia 1978

Frommhold, Walter, Heinz Gajewski, Hans Detlev Schoen:
Medizinische Rbntgentechnik, Band I, Physikalische und
technische Grundlagen, 4. v81lig neubearbeitete Auflage,
Georg Thieme Verlag, Stuttgart 1979

Gray, J. E.: Photographic Quality Assurance in Diagnostic
Radiology, Nuclear Medicine and Radlation Therapy. Photo-
graphic Processing, Quality Assurance and Evaluation of
Photographic Materlal. HEW-Publication {FDA) 778018 (1977)

Hendee, W. R., R. P. Rossi: Quality Assurance for radio-
grapble X-ray units and assoclated equipment, DHEW-Publi-
cation (FDA) 79-8094 (1979)

Hendee, W.R., E. L. Chaney, R.P. Rossi: Radiologic Physics,
Equipment and Quality Centrol, Year Book Medical Publishers,
Ine. Chicago, London

(1977

Hendee, W. R., R. P. Rossi: Quality Assurance for fluoros-
copic X-ray units and associated equipment, DHEW-Publication
(FDA) 80-8095



- 244 -

The Hospital Physicist's Association:The Physics of Radia-
diagnosis, Scientific Report Series 6, London (1977).
Measurement of the performance characteristies of diagnostic
X-ray systems used in medicine.

Topic Group Report No. 32.
Part I:

X¥-ray tubes and generators, London 1980

Part II: X-ray image intensifier television systems, London
1981

Krestel, Erich: Bildgebende Systeme fiur die medizinische
Diagnostik, Siemens AG 1980, Berlin/Minchen

Quality Assurance Handbook, RMI 1981

Seemann, Herman E.: Physical and Photographic Principles

of Medical Radiography, John Wiley & Sons, Inc., New York
1968

World Health Organization:
Radiclogy.

Quality Assurance in Diagnostic
4 guide prepared following a workshop held in
Neuherberg, FRG, October 20-24, 1980,

Geneva 1982

Informal get together
c2
Organizational arrangements
c2

Final discumsion

arTange-

ments

tional

ofganiza-

Peactical exercises part A
b1
{University Clinics)
Exercises part B
b1

Discussion part A
watt—— Optional: Demonstration of radiological techaiques

-—a 3

{Lang! (Niepel) (Borche)

-—— 83

———  Ditcussion of part B generat discussion

—~af— Introductory lectures
cives continued

Demonstration exer-

1pm.

Lunch
Lunch
Lunch
LUNCH AT
HOFBRAUKELLER
tunch
Lunch
Lunch

12

c3
c1
cl
cl

b

Introductory lectures®

L Y4
b3
b2
b3

(Schoknecht) (Panzer) (Stieve)
demonitrations and exercizes

Practical velue of test equipment —

Practical axercises part A
{Univensity Clinics)

Practical sxercises part A
Practical axercises part B
Practical exercises part B

10

Clinicat aspecis of quality control

Opening
{Kaut)
(Henshaw)

Lecture

Optionsl; Visit to the univenity elinicy to see the routine work in the mediofogical departmants

pera————_
-———— 8 2
e 8 1
e 8 2

9am.

Wednesday
Thursday

8.10.

Time
27.10.
Friday
29.10.
Ssturday
30.10.
Monday
111
Tuesday
211
Wednesday
3.
Thursday
411,

Time-table for the WHO-training workshop on Quality Assurance

* Lecture to be given by Dr.Racovesnu will be scheduted futer




Schedule of events

wWednesday, 27 October, 1982

9.30 - 17.00

12.

13.

15.

16.

-30

.45

.30

.30

30

15

Kaul
Welcome and Introduction

Schoknecht
Aims of the quality assurance in the medical care

Racoveanu
The significance of quality assurance in diagnostic radiclogy

FPanzer

what is a “"diagnostic quality” image from the viewpoint of a
medical physicist

Stieve
What ie a "diagnostic quality image from the view point of a
radiologist

Lunch

Lang

X-ray machine parameters influencing the image quality:
X-ray generator and X-ray tube

Niepel
Image receptors
- Film-screen combinations and image intensifiers

Borcke
Film processing

Discussion
Organjzational arrangements for the practical exercises of the
following days.

Informal get together
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Thursday, 28 October, 1982

9.00 - 17.00

+
9.00 Practical exercises part A !

al, b2, ci3,
13.00 Lunch

14.00 Ppractical exercises part A +

a 3 b1l, c2,

17.00 Plenary discussion of ths exerciges

Friday, 29 October, 1982

9.0C - 16.00

+
9.00 Practical exercises part A )

a2, b3 ¢cl1,
13.00 Lunch

14.00 biscussion

16.00 Organizational arragewents for the vigit of the university clinics

+)
The practical exercise part A comprise the following toplice:

1) X~ray generator and X-ray tube
2) Image receptors
3) Film processing

The three groups are denoted by a, b, and ¢

a ? means: group a is doing exercise 2.
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Saturday, 30 Gcrober, 1982

visit of the radiological departments of the two University clinics:
Klinikum Gro8hadern (Director Prof.Dr.med.J.Lissner)

Klinikum rechts der Isar (Director Prof.Dr.med.H.Anacker)

Klinikum GroBhadern:

9.30

11.00

11.20

Welcome and Introduction

Quality control performance at a radiographic and radioscopic equipment:
beam geometry parameters, physical beam parameters, cassectes, film~
processing.

Coffee break

Quality control perfomance at a special equipment for breast radiographs:
phantom, surface dose measurement. checking of AEC

oOpticnal:

a) Demonstration of the results of a "field study” concerning X-ray
diagnostic guality assurance which was performed in Bavaria by
measurements in many radiclogical hospital departments and individual
offices

b) Demonstration of radiographs showing the influence of various
conditions on image quality

Klinikum rechts der Isar:

9.Q0

9.30

10. 30

14.00

Welcome and Introduction

Demonstration of guality control procedures, toals and methods at a
radicgraphic unit:

deviation of various parameters, guality improvement of the radiographs

Coffee break

Sensitometric control equipment and measurements, daylight processing
machine

pDemonstration and discugsion of guality control performance at a
fluoroscoplc unit

Optional:

Demconstration of special diagnostic radicolegy equipment and techniques
as

grid/film-screen mammography,
mammo-sonographic scanner,
xeroradiography system,

radiographic subtraction procedure etc,
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sunday, 31 October, 1982
free
Monday, ! November, 1982
9.00 - 17.00
. +)
9.00 Practical exercises part B
ail, b2, ¢c3
13.00 Lunch
+}

14.00 Practical exercises part B
ald, pl,c2?

17.00 Dascussion

*]Topics of the exercises part B:

1) Radiographic Equipment
2} Fluoroscopic Equipment
1) Specialized Equipment

b 3 means: group b is doing exercise 3
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Tuesday, 2 November, 1952

G.00 - 16.00

9.00 Practical exercises part B
a2, bl ci

12.30 Lunch

13.30 Discussion of the part B and

l6.00 general discussion

Wednesdav, 3Movember, 1982

9.00 -~ 15.00
9.0 Henshaw
Instruments and Methods for testing diagnostic radiclogy equipment

- @ critical review (lecture)

10.00  Practical work with test equipment demonstration of performance
angd discusgsicn

12.30 Lunch
13.30 Practical exercises continued

15.00 Final discussion

Thursday .4 November, 1982

Ostional:

Informational visit of the radiclogical departments of the two
University clirics to see the routine work

PARTICI

Dr. F.

Dr. A.

W.H.

Mra. D

Dr. E.

Dr. S,

Dr. Th

Dr. S,

Dipl.-

Mrs. D.

Dr. M.

Dr. K.

E.T.

PANTS
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cC. Mi{1lu Bukarest; Romania

Dr. R. Mid 11ler {T) Univerasitdt Erlangen
F.K.N. Ngaruiya Nairobi.'Kenya

Dr. D. Uz aks

(]

y Ancara, Turkey

J.E. Peixoto Rlo de Janeiro, Brasil

Dr. S. Prakash New Delhi, India

Dr. N.T. Racoveanu (0} WHO Geneva, Switzerland
S. Slavov BSofia, Bulgaria

Dipl.-Fiz. P. St a Jkov ]! ¢ Beograd, Jugoslavia

Mrs. Dipl.-Phys. D. T h o ma 3 Flensburg

(T) = Tutor (0) = Organizer




