INTERNATIONAL

ISO

STANDARD 9236-1

First edition
1996-11-01

Photography — Sensitometry of
screen/film systems for medical
radiography —

Part 1:
Determination of sensitometric curve s
speed and-average gradient

Photegraphie — Sensitométrie des ensembles film/écran pour
radiographie médicale —

Partie 1: Détermination de la forme de la courbe sensitométriq
sensibilité et du contraste moyen

nape,

e, de la

— Reference number
ISO 9236-1:1996(E)


https://standardsiso.com/api/?name=1a6ab92f09ea5001f4a5d3430638734e

ISO 9236-1:1996(E)

Foreword

ISO (the In
federation o

preparing In

technical cg
which a teg
represented
and non-gov
collaborates
(IEC) on all n

Draft Intern
circulated to
Standard req
a vote.

fernational Organization for Standardization) is a worldwide
f national standards bodies (ISO member bodies). The work of
ternational Standards is normally carried out through ISO
mmittees. Each member body interested in a subject for
hnical committee has been established has the right to be
on that committee. International organizations, governmental
ernmental, in liaison with ISO, also take part in the work. 1SO
closely with the International Electrotechnical Commission
hatters of electrotechnical standardization.

btional Standards adopted by the technical committees are
the member bodies for voting. Publication as an International
uires approval by at least 75 % of the member bodies casting

Internationall Standard 1SO 9236-1 was prepared by Technical, Committee

ISO/TC 42, Photography.

ISO 9236 donsists of the following parts, under the general title

Photography — Sensitometry of screen/fiim systems for medical

radiography;

—  Part 1 Determination of sensitometric—curve shape, speed and
average gradient

—  Part 2|Determination of the modulation transfer function (MTF)

—  Part 3{Mammography

Annex A of this part of ISO 9236"is for information only.

© 1SO 1996

All rights reserved. Unless otherwise specified, no part of this publication may be

reproduced or
photocopying a

Internationa
Case Postal

utilized in any form or by any means, electronic or mechanical, including
nd microfilm, without permission in writing from the publisher.

| Organization for Standardization

e 56 e CH-1211 Geneve 20 ¢ Switzerland

Printed in Switzerland



https://standardsiso.com/api/?name=1a6ab92f09ea5001f4a5d3430638734e

© |SO

Introduction

1ISO 9236-1:1996(E)

This part of 1ISO 9236 provides methods for determining thérs
curve shape, the average gradient and the speed)of

screen/film/filmholder/nrocessina svstems used in maeadical
screen/tim/tiimhnolder/processin g systems usea In meaqical

except in mammography and dental radiography.

The sensitometric curve, which is aiso needéd, for the dete
other properties (as, for example, the madulation transfer
measured under low scatter conditions’ via intensity

sensitometry, preferably using an inverse’square sensitomets
unlikely that the curve shape will be(energy dependent withir
range covered by this part of 1ISQ09236, any one of the four bg
corresponding to those used for/speed determination may

determining curve shape. For the determination of the sensito
shape, the irradiation of ¢he" screen/film/filmholder combinati

+

e i
ured only in relative,units

meas
While the averagevgradient is determined from the sensitor
shape, speed must be measured in a separate way, since t
conditions should simulate as closely as possible those which

bnsitometric
radiographic

radioaranhv
aalograpny,

rmination of
function) is
scale  X-ray
r. Since it is
the kilovolt
am qualities
be used for
metric curve
on need be

netric curve
e exposure
are used in

practice. Therefore, scattered radiation is included, accompanied by a

slight .change of beam quality compared to the beam qual
intensity scale sensitometry. The exposure
appropriate phantoms and tube voltages. The screen/fil
combination is exposed behind the phantom. The exposure is
absolute units (gray, Gy) in order to determine the speed.

Speed is generally dependent on X-ray energy and the
scattered radiation emerging from the patient. Therefore, a wi
speed values may be expected under practical condition
measurement conditions described in this part of 1ISO 9236 pr
for speed and average gradient which are representative of
under practical conditions.

Four different techniques are offered, differing in beam quality

ty used for

is simulated by using

m/filmholder
measured in

amount of
e variety of
5. The four
bvide values
those found

and fraction

of scattered radiation. These technigues simulate four differe

Nt scenarios

of the practice: imaging extremities; skull; lumbar spine and colon; and

chest. Speed may be measured for each technique of interest.
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Photography — Sensitometry of screen/film systems for medical

radio

Part
Deter

1 Scoy

This part d
of a singldg
such as
are exclud

=

he filmHh
exposed
laboratory,

NOTE —
“systems

nhv —

oy

mination of sensitometric curve shape, speed and average

pe

f ISO 9236 specifies methods for determination of the sensitometric €urve shape, average gradi
sample of a screen/film/fiimholder/processing system in medical-radiography. Special radiograph
ammography, dental radiography and direct-exposing medical radiographic systems (see for exan

ed.
older may be any means which ensures close sc reen/film contact and prevents the filr
to ambient light. In particular, the filmholder may\be a light-tight vacuum bag, as often

or a radiographic cassette as used in medical radiography.

Hereafter, screen/film/filmholder combinations Will be referred to as “combinations” and will be
when the processing is included.

2 Normative references

The follo
of 1ISO 92
parties to
most rec
valid Inte

ISO 5-2:1
ISO 56-3:1

ving standards contain pfoyiSions which, through reference in this text, constitute provisior]
36. At the time of publication, the editions indicated were valid. All standards are subject to
agreements based‘en this part of ISO 9236 are encouraged to investigate the possibility o
Ent editions of the-standards indicated below. Members of IEC and ISO maintain register
national Standards.

091, Photography — Density measurements — Part 2: Geometric conditions for transmissio

095, Rhotography — Density measurements — Part 3: Spectral conditions.

gradient

ent and speed
¢ applications
ple ISO 5799)

referred to as

s of this part
revision, and
applying the
5 of currently

) density.

ISO 554:

Q7R’ Standard. afmncphoroc for r\nnrlifinning Qnd//nr facting — Qp""!ﬁ"at."".’?o.

3 Definitions

For the purposes of this part of ISO 9236, the following definitions apply.

3.1 air kerma, K: That energy which is transferred by ionizing radiation (for instance X-rays) to air molecules
divided by the mass of air in that volume where the energy is released. The unit is the gray (Gy).

3.2 sensitometric curve: Plot of the density of a processed photographic film as a function of the logarithm of
the exposure.
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3.3 speed, S: Quantitative measure of the response of the screen/film system to radiant energy for the specified
conditions of exposure, processing and density measurement.

3.4 average gradient, G: The slope of the straight line joining two specified points on a sensitometric curve.

3.5 net density, D: Density of an exposed and processed film minus the density of an unexposed and processed
sample of that film.

4 General requirements

4.1 Storade and handling conditions

The film an
exposures, t
moisture con

screens shall be stored according to the manufacturer's recommendations. Before a
e temperatures of the films and screens shall be maintained at 23 °C + 2 °C (seg™SO 554
fent of the film shall be such that it will be in equilibrium at a relative humidity of{50 + 20) %.

hd during
) and the

4.2 Safelights

he possibility of safelight illumination affecting the sensitometric results, all films shall be kg
ng handling, exposure and processing.

To eliminate
darkness dur

pt in total

4.3 X-ray equipment

For all tests rator shall

be used.

escribed in this part of 1ISO 9236, a 6-pulse, 12-pulse or a high frequency (multipulse) gene

han £ 5 %
om when

For the dose|measurement, calibrated detectors shall be used. The accuracy of readings shall be better t
for collimatedl beams without scatter, and better that £ % for radiation measurements behind the phant
scattered radiation is included.

NOTE — A spherical ionization chamber is recommended for measurements where scattered radiation is involved. The centre of

the spherical
opposite to the

hamber is to be considered the teference point; the stem of the spherical chamber should point in
focus direction. If a cylindrical ehamber is used, the ratio of diameter to height should be at least 4 to 1.

4.4 Processing

Screen/film s
of 1SO 9236
Nothing shal

No processin
and equipme

ystems, includingéither manual or automatic processing, may be tested in accordance wit
Processing ‘should be carried out in accordance with the film manufacturer's recomm
be construgd to require the disclosure of proprietary information.

g spépifications are described in this part of ISO 9236 in recognition of the wide range of
nt'used. Speed and average gradient values provided by film manufacturers generally ap

system whd

n-the film is processed in accordance with their recommendations so that the ph

a direction

N this part
bndations.

chemicals
ply to the
tographic

characteristics specified for the process are produced. Processing information shall be provided by the film
manufacturer or others who quote speed and average gradient values and shall specify the processing chemicals,
times, temperatures, agitation, equipment and procedures used for each of the processing steps, and any
additional information required to obtain the sensitometric results described. The values for speed and average
gradient obtained using other processing procedures may differ significantly. The processing conditions selected by
a person using this part of 1ISO 9236 are, in any case, part of the system being tested. Different speeds for a
particular film may be achieved by varying the processes, but the user should be aware that other changes may
accompany the speed changes.

In order to minimize any effects due to latent-image instability or process variability, all film samples shall be
processed together, neither less than 30 min nor more than 4 h after exposure. Between exposure and processing,
the temperature of the film shall be maintained at 23 °C + 2 °C and its moisture content shall be such that the film
will be in equilibrium at a relative humidity of (50 + 20) %.
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Since films are generally processed in practice a few minutes after exposure, the speed observed in practice may
differ from that determined by this part of ISO 9236 due to latent-image fading of some films. Therefore, the speed
measured with a time delay of 30 min to 4 h between exposure and processing shall be corrected to the value one
would obtain if the film were processed soon after exposure. For the purposes of this part of ISO 9236, a time
delay of 5,0 min is used for computing speed.

NOTES

1 The information about the necessary correction may easily be gained by exposing film strips in a light sensitometer and
varying the time between exposure and processing. Care should be taken that both front and back emulsions are exposed
equally by the sensitometer.

2 Since the time required for the many individual exposures to obtain the sensitometric curve is comparatively long, a time
delay of atleast 30 min between exposure and processing is required This time delay js considered to sufficient to

minimize gny differences in latent-image fading for the individual exposures.

The following processing information and accuracies shall be specified:

a) tradeldesignations of all chemicals, if proprietary; otherwise, the formulae;
b) tempgerature of the developer to within £ 0,3 °C;

c) tempgerature of other solutions to within + 2 °C;

d) immIrsion times in the developer solution to within 3 %;

e) whether the developer is fresh or “seasoned” (if “seasoned”,vthe type and amount of film used for
seaspning), the density of the processed film and the replenishment procedure;

f)  agitation specifications, in terms of volume of solution recirculated or rate at which a gas is used;
g) drying temperature to within £ 5 °C;

h) tradd designation of processing equipment.

NOTE — |[The term “seasoned developer” means thdt.the developer is no longer unused or fresh, but is already used and in a
“normal working condition”.

4.5 Densitometry

ISO standlard visual diffuse transmission density of the processed images shall be measured using a [densitometer
complyin@l with the geometricConditions specified in ISO 5-2 and spectral conditions specified in ISO p-3. Readings
shall be [made in a uniforin area of the image. The densities, D, shall be measured with an| accuracy of
AD/D = 40,01 or AD =4'0,01, whichever is the greater.

5 Detcfrmination of sensitometric curve shape

In this part of ISO 9236, intensity scale sensitometry is used to determine curve shape. The intensity is modified
according to the inverse-square law by a change of the distance between the radiation source and the combination.
As a consequence of filters and other secondary radiation sources in the beam, the relationship between exposure
and distance may not obey the inverse-square law. Therefore that relationship shall be calibrated.

5.1 Beam qualities

For the determination of the sensitometric curve shape, any of the four beam qualities specified in table 1 may be
used. The beam qualities can be achieved by an iterative procedure of half-value layer (HVL) measurements using
the specified added filtration. The approximate X-ray tube voltages are recommended as starting values for this
procedure (see 7.2.5 and figure 5).
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Table 1 — Beam qualities for the determination of the sensitometric curve shape

©|SO

Beam qua

number

lity Approximate X-ray

tube voltage
kV

Half-value layer (HVL) 1) Added filtration

mm Al mm Al

mm Cu + mm Al

|
]
]
v

50
70
90
120

3.0
57
7.4
8,5

5,0
12,0
13,0
10,0

0,10
0,25
0.25
0.20

+1,5
+2,5
+3,5
+2,5

1) The tolerance for the HVL is £2 %.

NOTE — TH
99,5 %. If a
assumed to

e aluminium used as filter material shall have a purity of at least 99,4 % and the copper a purity- O
mixed filter is used, the last layer towards the detectors shall be aluminium. The inherent tube“fi
correspond to 2,5 mm of aluminium.

f at least
tration is

5.2 Geom

The geometr

added filter(s) shall be positioned near the radiation source. The diaphragms B1@nd B2 and the added fil

be in a fixed
radiation det
diaphragm B
radiation fron
the radiation

distance is changed.

A diaphragm
combination

The attenuat]
contribute to
shall be larg
monitoring d

The radiation aperture of diaphragm B2’ shall be smaller than 100 mm; that of B3 shall have a di

100 mm % 1(

A monitoring
of structure,
than+2 %.

An attenuatir
space betwe|

ptry for curve shape determination
cal set-up of the measuring arrangement shall comply with figures 1 and 2. The diaphragm H

relation to the radiation source. The diaphragm B3 and the screen/fiim/filmholder combinat]
pctor R2 shall be in a fixed relation at each distance from the radiation source. The incide
B shall be 100 mm in front of the plane of the radiographic:film. If it has been confirmed that
h walls, equipment, etc. does not influence the results, the diaphragm B3 may be omitted. T
aperture of diaphragm B2 may be made variable so, that the beam remains tightly coll

B4, whose shortest dimension shall be at le@st 15 mm, may be positioned directly in fr
n order to limit the area of the exposure.

ng properties of the diaphragms shalllbe such that their transmission into shielded areas
the results of the measurements-by-more than 0,1 %. The radiation aperture of the diap

=)
=
o)
-

tector R1 and the radiation aperture of diaphragm B2.

mm.
detector R1 may/be.inside the beam that exposes the combination if it is suitably transparer

otherwise it shall\be placed outside the beam. The precision of the monitoring detector shal

g protective barrier shall be at least 450 mm beyond the last area involved in the measure
en thescombination or the radiation detector R2 and the protective barrier shall contain nothin

1 and the
er(s) shall
on or the
nt face of
scattered
this end,
mated as

nt of the

does not
hragm B1

enough so that the penumbra of/the radiation beam will be outside the sensitive volume of the

hmeter of

t and free
be better

ment. The
g but air.

5.3 Exposure

Each exposure of the combination shall be achieved in one uninterrupted irradiation. The exposure time shall be in

the range 20

ms = 10 ms to 200 ms + 100 ms and shall be kept constant for all exposures.

NOTE — With the use of intensifying screens, reciprocity law failure and the intermittency effect may occur. In order to avoid
the influence of these effects, a single irradiation with a constant irradiation time in the specified range of irradiation times is
required for each exposure.

The different values of air kerma shall be obtained exclusively by varying the distance from the radiation source to
the plane of the radiographic film, with the exposure time and all other conditions of exposure constant. The
maximum increments of log exposure shall not be greater than 0,1.
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Dimensions in metres
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c
o
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E n Lead shield
wn
3 i
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i
Figure 1 — Geometric set-up of the inverse-square-law sensitometer for exposure of the screen/film
combination
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Dimensions in metres

Beam diaphragms

B1
Added filter
B2 Monitoring detéctor (R1)
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m
I
5
[\V]
)
~
[N
n
>
Measuring detector (R2)
B3 e
bR
c
€ Lead shield
w
~
s
Figure 2<— Geometric set-up for calibration of the inverse-square-law sensitometer
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For determination of the sensitometric curve, at least 20 different exposures are necessary, equally distributed on a
logarithmic scale, that produce net densities from 0,1 to 2,1. To define accurately the curve at low densities, at
least three exposures producing net densities between 0,1 and 0,25 shall be made. The time interval between the
different exposures should not exceed 30 s, but shall not exceed 2 min.

NOTE — Since it is difficult to manage all necessary steps of moving the filmholder, changing the distance and verifying the
monitor reading, an automated procedure is recommended (see annex A).

If one wishes to determine the shape of the sensitometric curve at much higher densities than 2,1 and the required
intensity increase is not possible via decrease of distance, the exposure should be increased by an increase of the
tube current, but it shall be verified that the higher tube current does not change the beam quality.

5.4 Evaluation
The densgjty is plotted against the corresponding log air kerma values. Through the points, a smooth durve is drawn

either by|hand or by an appropriate algorithm. It should be possible to read densities and relative exposure values
(log to the base 10 units) to the nearest 0,01 from the curve (figure 3).

6 Determination of average gradient

The average gradient G is calculated from:

D; — Dy

G| DD
g Ky -lg kK,

where

D, apd D7 are net densities having the values 2,0@nd 0,25 respectively;

K, apd K1 are the corresponding relative values of air kerma extracted from the sensitometric qurve.

If a singlg¢ beam quality is used to determing 5, the beam quality number Il (see table 1) should be selected.

NOTE — | The average gradient as defined.above is the most commonly used single sensitometric parameter Jused to predict
the obseryed contrast of a developed radiographic image.
7 Determination of speed

7.1 Definition

The spedd S is:calculated from:

S = Ko/Ks
where
Ko is 108 Gy

Ks is the air kerma (in grays) incident on the combination behind a phantom to produce a net density of 1,0.

7.2 Beam qualities

For the determination of the speed, the combination shall be irradiated behind a phantom. To simulate the most
common applications in general radiography, four exposure conditions are defined and specified in table 2.

The phantoms are described in 7.2.1 to 7.2.4. The purity of the aluminium shall be at least 99,4 %.
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Figure 3 — Sensitometric curve
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Table 2 — Specification of techniques

Technique number Approximate X-ray | Half-value ExPosure Distance between the back of the
tube voltage " layer times phantom and the detector 2
kV mm Al ms mm
I Extremities 50 3.0 100 £ 50 60
I Skull 70 5,7 200 + 100 60
Il Lumbar spine and colon 90 7.4 200 + 100 60
IV Chest 120 8,5 20£10 60

2) Whe
referenc

1) The geometry for establishing the tube voltage is described in 7.2.5. The beam qualities for determination of the

sensitonpetriccurve-shape-ttabte-H-and-speed-tabte 2y correspond-toeachother—

h the detector is the combination, the distance is measured to the film plane; otherwise it is(hie3
b point or plane of the measuring detector.

sured to the

7.2.1 PH
The phar
thick by
approxim
7.2.2 PH
The phar
square.
7.2.3 PH
The pha
aluminiun
7.2.4 PH

The phan
One slab

antom for technique |

tom (see figure 4) shall consist of two poly(methyl methacrylate) (PMIMA) slabs, each 24
approximately 0,3 m square. Between the two slabs an aluminjm” sheet, 2 mm 0,1 n
ately 0,3 m square, shall be sandwiched.

antom for technique Il

tom shall consist of a slab of aluminium with a thickness of 12 mm + 0,1 mm and approx

antom for technique Il

tom shall consist of the technique l-phantom augmented by a contiguous 1,0 mm t
n for a total thickness of 13 mm + O;thmm.

antom for technique IV

tom shall consist of two slabs of aluminium, each 5 mm + 0,1 mm thick and approximately
is positioned near the\focus of the X-ray tube (see figure 7), the other one is positioned near
Dim4

X-ray beam
(central ray)

b mm £ 1 mm
hm thick and

mately 0,3 m

hick sheet of

D,3 m square.
the detector.

nsions in metres

n

25 mm PMMA"
2 mm aluminium
25 mm PMMA"

il
/‘:)

1) Poly(methyl methacrylate).

(\V

Figure 4 — Phantom for technique |
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7.2.5 Establishment of tube voltage

For all measurements of beam quality, the minimum distance between the tube focus and the detector shall be
2m. The inherent filtration of the X-ray tube (which includes the fixed filtration) shall be equivalent to
2,5mm £ 0,2 mm of aluminium. To this filtration shall be added either the filtration listed in table 1 or the
corresponding phantoms between the tube and the diaphragm. The distance between the beam diaphragm and the
detector shall be at least 1,5 m (see figure b).

The tube voltages given in tables 1 and 2 are recommended as starting values. For each of the techniques to be
tested, the tube voltage shall be adjusted until the measured half-value layers of aluminium are within = 2 % of the
values given in table 1 or table 2. For example, for a beam of approximately 70 kV, the tube voltage shall be
adjusted so that the exposure rate measured with the skull phantom at the tube will be halved when a slab of

aluminium of [Wigth 5,7 T = O, T TTIm 15 IMrodUuced CIoSE 10 the phantom on the side away 1rom the tue. These
adjustments $hall be made at the tube currents specified for X-ray exposures in 7.4.

Half-value-laypr measurements shall be made with a detector whose spectral response is essentjally uniform over
the range of peam qualities tested and which is as far away as practicable from the X-ray tubg. Collimatjon at the
tube shall be jas narrow as possible and still permit the X-ray beam to cover the sensitive voldme of the measuring
detector.

All subsequent screen/film exposures shall be made at the kilovoltages and tube currents thus established|

7.3 Geometry

The geometry for the irradiation of the combination is shown ifvfigures 6 and 7. The detector system (gither the
combination ¢r the dosimeter) is placed at a fixed distance of:60 mm behind the back of the phantom.

A monitoringtintegrating detector shall be mounted nearthe X-ray tube in such a way that it samples thed intensity
of the X-ray peam but does not by its absorption‘léad to a variation of radiant intensity over the radidtion field
defined by the collimating system. The monitoring” detector may be either outside or inside the beam used to
expose the cpmbination. The diaphragm B2 shall-be adjusted so that the phantom is always fully irradiated|.

A measuring{integrating detector replacing the combination shall be positioned as specified in figures 6 gnd 7 and
subclause 4.3.

A lead shield [shall be positioned.atTeast 450 mm behind the last area involved in the measurement.

7.4 Exposuire

Subclause 7.1 States that speed is obtained from an air kerma Kg which results in a net density of 1,0. An

approximate value for that air kerma may be determined by measurement at the distance estimated to yield a net
density 1,0 as interpolated from the sensitometric exposure series. This air kerma shall be reached using the
appropriate phantom at a distance of 1,5m+ 0,2 m between the focus and the combination, and with the

appropriate conditions of tube voltage, tube current and exposure time. Exposure time is either that given by the
reading of the generator or by an external shutter.

A screen/film combination in the desired filmholder is then irradiated and the film is processed. If the resulting net
density is outside the range 1 + 0,3, the distance between the focus and the phantom shall be corrected within the
limits of 1,3 m to 1,7 m using the sensitometric curve as a guide. Three exposures are then made resulting in three

images with net densities D; = 1+0,3. Air kerma values K; corresponding to these three exposures are then
calculated from the monitor readings M;.

10
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Dimensions in metres

Phantom

HVL filter(s)

Beam diaphragm

2 min.

Measuring detector (R2)

Figure 5 — Geometric set-up for adjustment of beam qualities used for techniques L, 11, lll and IV
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Dimensions in metres

Monitoring detector

~N
o
+
wn
c
E
[o 0]
)
Phantom
Measuring detector
or film plane
O
o
o
c
£ Lead shield
=
o

- ‘ [

Figure 6 — Geometric set-up for the measurement of speed (techniques |, Il and 1lI)

12
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Dimensions in metres

1.5+0,2

0,8 min.

0,06

0,45'min.

Monitoring detector

Phantom

Phantom

Measuring detector
or film plane

Lead shield

Figure 7 — Geometric set-up for the measurement of speed (technique 1V)
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After the exposure of the combination, it is replaced by the measuring detector and the exposure is repeated,
holding the tube voltage, tube current, exposure time and distance to the tube unchanged. The reading Xy, of the
measuring detector and the concurrent reading My, of the monitoring detector shall be recorded. If }m and Mm
are the means of three X-ray irradiations, the air kerma K; of the combination may be calculated from the
corresponding monitor reading M; using the formula:

K; = M;(Xm/Mm)

7.5 Evaluation

Using the sepsitometric curve, the differences AD; between D; and 1,0 are transformed into differencds, Alg K;,
which are usgd to correct the calculated K; values to obtain K; values for a net density of 1,0. The Mean |Ks of the

three K, valugs is used to calculate the speed S using the fcrmu!a givenin7.1:
¢=Ko
if K is given|in grays and Kg = 10-3 Gy.

NOTE — Singe, for the purposes of this part of ISO 9236 the shape of the sensitometric curve may be assufned to be
independent of beam quality, the correction can be made with a curve produced by-any beam quality specified in tabje 1.

8 Speed and average gradient determination without sensitometric curve

If there is inferest only in speed and average gradient and’not in the sensitometric curve shape, the|following
alternative procedure may be used.

For every tedhnique described in table 2, the combination is placed at a position 1,5 m + 0,2 m from the facus, with
the approprigte phantom in the beam (see figires 6 and 7). The tube current shall be adjusted to prodlice a trial
image whosg processed net density is 1 = Q,T..With this tube current, the desired HVL, given in table 2, i§ adjusted
according to|7.2.5. Then, three exposures:of the combination shall be made at each of two distances P5 % and
105 % of the distance at which the tube current was set. The phantom-film distance shall remain cqnstant at
60 mm during these adjustments.

For each exppsure, the reading-M;-simultaneously produced by the monitoring detector shall be recorded.

Immediately [following ea€h-set of the three exposures, the filmholder containing the film and screen$ shall be
replaced by the measuting detector and the previous exposure shall be repeated, holding the tube voltage, tube
current, expgsure timesand phantom-detector distance unchanged. To provide a sufficent output reading from the
measuring detectar-the total air kerma may be increased by making multiple exposures. The air kermal K; of the
combination |is calculated from M; according to 7 4. For each of the six exposures producmg net densiffies in the
vicinity of 1,(
through the six densities plotted and from this line the air kerma K to produce a denS|ty of 1 0 shall be determlned
The speed is calculated using the formula given in 7.5.

The average gradient shall be determined using the same mean distance as used for the speed determination. Only
the X-ray tube current shall be changed in order to adjust the exposure required to produce net densities of
0,25+0,05 and 2 +0,1. After determining the tube currents required, the desired HVL, given in table 2, is adjusted
according to 7.2.5 for each tube current setting. Then, three exposures of the combination shall be made at each of
the two different tube currents at each of two distances 95 % and 105 % of the distance at which the two tube
currents were set, resulting in a total of twelve exposures. For each exposure, the reading M; simultaneously
produced by the monitoring detector shall be recorded.

Immediately following each set of the three exposures, the filmholder containing the film and screens shall be
replaced by the measuring detector and the previous exposure shall be repeated, holding the tube voltage, tube
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current, exposure time and phantom-detector distance unchanged. The procedure, described above for speed
determination, is repeated to determine the air kerma K; and K, to produce net densities of D7 = 0,25 and
D, = 2,0 respectively. The average gradient is then calculated using the formula given in clause 6.

9 Accuracy

The specified accuracies for the detector, densitometer and beam quality calibration as well as the reproducibility of
the monitor chamber, calibration error and uncontrolled scattering may cause the following uncertainties (o-values):

AG/G=+005 and

AS/S|= £0,09
where thg largest influence results from the detector calibration and beam quality measurement.
The influehce of processing variability is not included.

With the [above-mentioned accuracy of the method, the parameters of a spéeific single screen/film/filmholder/
processing system may be measured.

10 Test report

The sensitometric curve, speed and the average gradient shall(bg given in a test report together with tfie following:

a) namg of the test facility;
b) date pf the measurement;

c) brand or tradename of the manufacturer“or. supplier, model or type reference, serial number or year of
manyfacture of the intensifying screen;

d) brand or tradename of the manufacturér or supplier, model or type reference, emulsion number or year of
manyfacture of the radiographic film;

e) type pf filmholder:

if 4 radiographic cassetté s used as a filmholder, give the brand or tradename of the maphufacturer or
supplier, model or type'réference, serial number or year of manufacture of the cassette;

f)  beam quality or medical-application (i.e. technique |, II, lil or IV);
g) expopure time;
h) procgssing conditions:

if the film™is processed under conditions which differ from those recommended by the film manufacturer,
thendhese conditions are to be reported in detail.

If only a single system speed is presented and the system is not dedicated for a special application, as for instance
chest imaging, the speed should be given for technique |l (table 2).
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