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The gproductien af this protscol has been stimulated by the
intraduciion of a progranne of breast cancer screening in the
Unized Kingdom, <tfollowing publication of the Forrest Repor:

{DHSS, 1336a). The Hospital Physicists' Association has

already published a series of protocols (HPA, 1380-1985) rto
help establish uniform methods of assessing diagnostic X-ray
equipment, but these are not specific to mammographic X-ray

equipment. Accordingly, a Working Party of the Diagnostic
Radiology Topic Group of the Institute of Physical Sciences in
Medicine was established in October 1987 to produce a protocal
for mammagraphy. This document is thae result.

The aim of the protocol is to provide methods for the
commissioning and routine testing of mammegraphic X-ray systenms
which can be adogred nationally. It will be of use to medical
phiysicists and medical physics taechnicians and also to X-ray
engineers, radicgraphars, radiclogists and other staff who have
a responsibility for the testing of this aguipment. However,
it is recognised that at the present tine, there is only
limited knewledge of quality assurance applied to mammography
and that the procedures described in this decument will need
revision in the light of experisnces.

The protocol gives guidance on the quality system and includes
checks and neasuraments on the X-ray nachine, automatic
processing unit and screen-filz receptor and the assessment of
the overall performance of tha mammographic X-ray systam.
Adhere relevant the commissioning tests are dealt with first,
follawed by discussion of which cnes are pertinent as routine
tests. All the tests, together with suggested frequencies are
sulmarised in Appendix I. Throughout the text an attempt has
been made to give a reasonable amount of practical detail and
the style of a handbook has been adopted.

The Forrest Working Group stressed the importance of training
of all the profassions involved in providing the screening
service, This protocol is an aid to the practical training of

Bedical physicists, medical physics technicians, X-ray
| enginsers, radiographers and other staff.

- R
At
.

Although the need for guidance has arisen from the breast
Screening programme, it is hoped that this protocol will be

42ed in the assessment of all mammographic X<ray units, whether

; WieY are used for screening or diagnosis and so help to achieve
Y high standards of performance, both in the National
ervice and the privata sector.
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CHAPTER 1. INTRODUCTION

Mammography

Mammography is the X-ray examination of the breast, Low
energy X-radiation is used to provide adequate contrast in
the image becauss the various tissues of the breast have
similar attanuation coefficients (Johns and Yaffe, 19387,
At the present time, the majority of mammographic images
are produced using a screen-film combination, exposed <o
X~rays generated at peak voltages in the range 25 to 32
XV. Xeroradiography is not commonly used in the UK and is
not addressed in this document. The potantial af
ionography, computed tomagraphy and digital radicgraphy is
still to be realised. Reviews of mammographic {maging,
physics and technique have been given in NCRP (1980),
Parsons (1981) and NCRP (19896).

Unized Kingdom Breast Cancer Screening Programme

A national breast cancer screening programme is being
introduced in the Unitsd Kingdom at the present tine,
following the publication of the Forrest Report (DHS3,

1986a) . The main conclusions of the Forrest Working Group
that are pertinent to mammography were:

women aged 50 to 64y should be offered screening by

mammography at 3 year intervals in the first instance.
oblique view

High quality, single medio-lateral

nammography should be used.

Adequate arrangenents for quality control within and
between centras is required to maintaln an acceptable
standard of mammography. Refarence cantres to control tha
quality assurance progranme wers suggestad.

Mammography should not be undertaken without a high lavel

of expertise.
Training of staff is essential.

A basic screaning unit could screen 12,000 women per Yeir,
serving a population of 41,500 women aged SO to 64y within
a total population of nearly half a million. This implies
a requirement for about 120 basic screaning units

throughout the UK.
aquipment and

investment in

A substantial capital
buildings would be needed.

-0 publicacs:ion

that ap of the Forresc Repart the

least one Screening centre ip eacﬁcovernn.nc decideq

Regions sho ;
Maren 1990?1d g:a:i;::::?q by March 1sas witgtt::ere;:, geal:h
ACTivity at nats ¥ there has heep ) inder by
By they Prc;::Q;:al savel ta deal with tha a:nygfeac deal of
AdvVisory  Commiteas hﬂnd ¢ National Breast cCancer . cep  i3ed
CHSS  Radiein ic.:e as been formed. Sub-co Ncer Screening
glca Advisory Committee has b:-:;ttlﬂ of the
set up o

<ans .'de." qual:.ty assura”c. in ﬂlmogtaplt)’ (DHSS 1988a .
* ,

bean esStablished, The
Radiogra
19a8a). raphers

Importance of Quality Assurancas

Quality assurance is j
important to an i
(WHO, whether ‘for screenin; r::ioqraphxc

application to rad: in i :
(Hendra, 1946), *olagy in its widest sense

. examinavi
diagnosis and 132
has baen Suggestad

qua |I Lty assurances was segen by th. For rest Ho: kl“g Gr QuUp as an
essea:lﬂl elemellt in th‘ bt‘ast sCr ltlllllq p:oqram.o It was
N ,‘ , : . ] .
: s L : J F 5 : 1
all aspe't:ts ot t“e SC!eelllllq P!Ogra“.- It is partlculat.y

imparzant  in mamme
. raph
demanding technically? phy b‘cauf. the examination is sq

Guidelines on the est i
) * ablishmaent of
for r o a
tnerzc E:nl:ggg;mm:qraphy have been prg:uéigy(;;;:ranco
) sason to .
mammographic examinations, Ry ine same
more fully in Chapter 2.

o Systen
88a) byr
principles

Quality assurance f, di:gus::é

Importance of Safaty

The { i
i w:ngtan::cor :a!cty 13 snphasized by the Health and sat
requletsong ov' Act 19?4 (HMSQ, 1974). The nmo ecent
leoal ondn agi erning radiation safety (HMSO, 1985) ou place s
i radiologica?:yoza;: .u?é°{.= to be sure that x-:a;O:qsi;::n:
the Protection Y™ . S stated in the Guidance Nota
Pl er3ons against Ionisi faine
dia;na::?éca;- and Dental Use {NRPB, 19:3 n‘::::i°": el
radin s poi::Y e:quéf::nt c:nnocibc conlidcrcd ;arq.liro:ha:
nechas unless it is in

ically and slectrically. Thus nalntcnangzogndngszﬁ;n?::T

and  alectrical s
Safety checks. atety checks are complementary to radiacion

In the
" 3::::t sc;;cninq Programze thers will be both mobile d
subjecton t' e X-ray sets in the mobile units will e
o additional vibration and Dovement and this i

Ve  implicatj i
Ne xen Atlions in the commissioning and routi Mot
traj) 2y machines. Gujdance on the safe asp.ct:n:ttzzfisgc g:

®rs is given in DHSS (1987).
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QUALITY ASSURANCE

CHAPTER 2.

Introgductian

The term 'quality assurance' has been applied increasingly to
diagnaostic radiology, but not always with a consistant meaning.
In the past it has often been regarded as peing synonymous with
quality contral, although they are not the same. Qualicy
assurance has often been taken to mean routine perfarmance
testing of X-ray equipment, but its meaning is much broader and

this is recognised in the Forrest Report (DHSS, 1986a) and the
pDHSS Guidelines on a Quality Assurance System (DHSS, 1588a).
An effective guality systea (IEC, 1988) will haelp €0 achieve
and maintain:
Radiological information of adequate gquality tor medical
diagnostic purposes.
Minimum radiation doss =9 the patient and medical staff,
compatible with adequate quality of the radioclogical
information.

of time and

Maximum cost containment by minizising wastage
rascurces (@.9. reduction of rejectad films).

ganafics may alsa arisse through the snhancement of tha

protessional and public reputation of the departaent.

pefinition of teras

1987) as all those

may bhe defined (BSI,
to provide adequate

nned and systamatic actiona necassary
confidence that a preduct or sarvice will sacisfy given
requirenents tor quality. Quality assurance nas  two -

components, namely (i) which is that aspect !

of the overall panagement function that determines and Jg
which is the

pla

implemants quality pelicy and (i1}

operational techniques and activities that ars used to fulril’y
the requirements for quallcy. i:
In these definitions, refers to the total featyres and’
charactaristics af a product or ssrvice that Dbears oR its
ability ¢ta satisfy stated orf ipplicit neads and the s

i a

iity intancions and direction

is the overall qua
quality, as formally expresa

arganisation with regard to
managemant.

ed DY 3

These terns apply squally to radiology departments and the
Guidelines (DHSS, 1988a) reflect this.

"

B

Qualj . )
syst;;y aﬁgnag:?ggﬁczquns :lth the specification of a
; 2= as been i : n X-ra

scra given rea Y
screening equipaent (DHSS, 1987). The spegzifézg_ mammographic
requi-‘:emSntsuf;i;gt contract, together with CIII'I.;:T foras parc
nust  undergo . 198&b), At installation, the :echnlcal
verifying that the e testing This is the Julpmenc
demonstrate R contractar has pertformed ade a';Eu’c:cass at
nave  been ne:acn the specified requirements inqut\¢ tests to
centractor to ;néegiiie é:ﬂs and 1948b). The anus~:; coneracs
siapl " he tasts. Acceptance on the
“ho should b should be notified formally ta Zn significant

1d he required to undertake corrective acczcn%n:ractor

mi : : :

' - et { tasts carri Y er' S
Qmn n 15 he s Q ied out b the custcon '
ren-_l'gsencat.lve to ansurs that the .quipm.n: i 5 :eady for
clinical use and to establish bas.lilll Ualu.’ aqainst which

results of subseguent i
) : : routine teasts can be e
ig:surizzﬁé:sxonxgg tests take the !or:omg:r.déhe ion. o
T b ; others ara the he e

easure e : _ procass of optimisi

zlso kn::ﬁ‘asoirgze imaging systaenm. Comnissicnfzéml:::g are
us tests (IEC, 1988), although the lac*:r oy
t may

also refer to baseline
also refer o taests on equipmant that has been in

usse
Routine <tests

are thos i
reqularly, ¢ tests vhich are aither

or after maintanance or i

_ repairs, 3

;;zy c:;gq:l;n Ehc perforzance of the gquipmcnzo :::.C: eas”

Tney are :2;;:!efg;gst° :;a:onstancy tasts (IEC, ‘g::?r:;:a

Ln-ser R Ba) . After maje -

rg:egc:gc, the rglavant commissioning tosts]a: ua;k " “oe
to establish new base-lins values Y Ve ©o be

undertaken

The

sa i
The quence of the tests is shown diagramatically in

figure

Commissioning and

: out

cperating technigues of ine tests together amount to
and suggested frequencies

the
. Both types of test
o v 0 are identifleda | i
n.ceszzéyitcls ;cinasaé that the scope and !:cqﬁcnggg:ndtx o
largely unkn:un elp maintain the partformance of aqui n:ntg"t’
cargely unknou g::dgrzzzst ag: the Appendix should bqp reqar::;
iy . e reader ma i i
gJarding both the tasts and their tra:u:n:?c:? b.T;:I.gz:::

given
§htr.:;i: :gé: p::::i:i a:: sgzgitically equipment tests and
inel ) a reject a i

uded. Further details are qivua in o.;?IY;;:rc:r.ct n::

(1987) and BIR (1588).
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and evaluation
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(d)

The quality systea

The quality system is fully described in BSI (1979a). It
should comprise the following featuraes:

Maragement. Quality assurance is a management toal and
requires a Quality Agsurance (QA) Manager (DHSS, 1983a)

on a regional scale, tha Forrest Report (DHSS, Lgasai
envisaged, and the DHSS Guidelines (DHSS, 1988a) endorse

the establishment of Quality Assurance Reference Centras
(QARC) ., The QA Manager is likely %o be a senior membar.of
the QARC_scafE who has the responsibility and authgrity
for quality matctaers. The QARC would act as tha focus
within a region for the development, monitoring and
revision of the quality system. Othar duties would he :o
prepare a quality assurance manual, to ansure that thers
is liaison between inter- and intra-regional units in the
breast screening programme, and to ensura that the quality
system is reviewed and audited at appropriate intarvals.

At local unit level, a QA manager should be appointed to
perform sinilar functions Ioca[iy.

Quality Assurance Manual. It is essential that tha
quality system is fully documented and that the mnanual
reflects local conditions and organisation. The manual
should include (DHSS, 1988a):

(i) the name of the person with overall responsibility
for the quality systen,

(ii) the names of thosa responsible for equipment
procurement, test procedures, equipmant maintenance
and raepair.

(iii) details of post-inscallation and acceptance tests
and wmaintenance procedurass.

(iv} details of commissioning and routine tests, limiting
values, routine test frequencies and records of
results, analysis and corrective actions.

(v) training programmes for all staff.

Quality Assurance Committes. This may be formed from all
ataff participating in the quality system, Iincluding the
local and regional QA managers. It should provide averall
quidance for the quality systez and should ensure that any
Recessary changes are made and that staff ars Kkept
informed.

Quality Audit, This is a aystematic and jindependent
examination to detarmine whether the quality system is
functioning effectively and whethar the desired objectives
are being achieved.




Respansibili:ies

some of the respansibilities within the Dammograghic
quality systen are clear-cut; others are not so easy to
define. Aczeptance is normally undertaken py the Regional
Xx-ray Engineer, except for the radiation safaty aspects,
Jhich are the rasponsibllity of the Radiation Praotection
Adviser. commissioning tests are likely to be undertaken
by the aegional X-ray Engineer and physicist or medical
physics technician, Thase routine tests that have to be
done frequently are pest dona by the radiegraphic s=catf
who use the mammographic X-ray systea. Feedback of the
results ta the operator is an essential element <cf a
quality systen. Those routine tests that are necessarily
less fraquent, e.g, 3 monthly or lenger, may bha the
province of the physicist or medical physics rechnician,
especially 2s they may bae 3ore time-consuming and ®may
require special test squipment and expartise.

Limiting Values

rimiting values nay be defined as the acceptable variacion
of the parametar being measured {CEC, 1988). (Sometines
they are referred to as tolarances, €.9- BSI (1979%a).
Many of the parameters that are checked at the Aaccesgtance
and commissioning stages will be specified By the
manufacturar and 1imiting values may be quoted. If not,
che limiting values given in this protocal may be he_pful.
for sonme of the quantities, limiting values will have t2
ra astablished from xnovwledge of normal variations and
neasuresant uncertainties. Limiting values alsc apply €@
the results of routine tasts.

Limiting valuaes are often Trepreseanted DY both pasitive
and negative tolerances on the quantity in question, .9
tupe potential. However, this is not necassarily the
case: Somnae quantities have an upper limit only, e-3-
breast doss, others have a minimum thrashold valus, e.q-

1ead equivalencs.
Measurenant Uncertaintiss

Therse are £two categories of measuremant uncertainty

systematic and randoa. Systematic uncertainties arise
from physical effects which may influsnce oFf bias the
rasult. Randon uncertainties can be detarmined trom an

analysis of rapeatad measurements. rurther details are

given by, e.9. campion and co-workars (1980).

Thae uncertainty associated with a peasurament should De

substantially less chan tha range rapresented py the
1imiting values and it is commeon to accept a measurss
uncertainty of no more than one third of the range (CEC/

-7=

1983} q
ol Adowever
estization of sc the uncertainc, .
some quantities Y associated wien
= the

approach the limi , e,
;: ndY_he SOmeméE;:qb:;lues thar ?deaf?slsgotentiall may
ncertainty to be reducegrc technical advancgzl:nagfly ang
) able the

Acguragy |
1S the
true value and ;ing"?ss of an observed :
Qetwveen the results §lon 1s the Closonesguagglty to the
agreement

In commi i
. sslonln
desiraplae g tests,
t geood ac
values anda e:zbl. meaningfyl cg:E::f and precision
campilation of dafacxlxta:. the son  wich

different workers. ta obtained from o

; 1on are
:;:nrconparisqnalt::g
e Systems or by

In routi

= ne tests

that tha i S, accuracy i

. 1nitia : S not so

occasion as co:mf:u;‘n9 Test is CArrisgortanc' provided

precigion sloning is “"d'rtak.zut on the sape
; it is  epn

e

: of the mea : .
inportant for these t::::nq instrument and method ch
' Rod that s
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Technical Regyi
Apparatus ggﬁléfiegts for the Supply and t
CHAPTER 3. THE MAMMOGRAPHIC X-RAY UNIT ;986b): The ra;pgngfgtfiémaqi"q and Radia?iiiila:i°" ot
dz:§§$.y lies with che “°qign£§rxt°stinq in NHs PKOS(OHSS,
s will be given h -ray Engj Pltals
. i er . Iglneer. N
3.1 Intreduction found is DHSS (1985 and l;a?:r fursher lnfcrmatia: ::;:h;:
. e
vodern nammography units are designed to allew easy 1.1 Machaniz
oxamination of the breast and have 2a dedicated high fanhlcal safety and function
voltage generater to provide the required range of tube 3.3.1 Inecroducei
potential. Tacuction
. . The nmechani
The X-ray tube assembly is mounted on a4 coOmOn SUppOrT ata X lanical safety a
. ¥ - -ra 1mi p Spects .
with the cassette table. At present the preferred target/ diffzre:gitigliger from those Qgtcghf:d;Cated nammograph
added filter combination for screen tilm izaging is be power driv Nat a compression piat A=ray wunits, Onr
nalybdenum/molybdenum _which provides the required anergy adjustmen en, There may also b ® is fitted which p
and spectrum of radiation. An alternative <target/filter filtra:i°: of the braast support Ea:lP°“¢r-driv.n h-iqgg
- may be a &, The additi
tional

djustable or

e evVen removeabl

units. A prote  @ore attachments than wi @ and thers
equipmen:. Ctive screan generally fo:;:hp:;:.r X-ray
af the

combination which has soms popularity is tungsten with a
range of filter paterials such as molybdenum or palladium
<here the cholce of filter and resultant energy and
spectrum of radiation is dependent on the thickness of the

breast being examined.
Soame of the checks in the

regqarded as bain follawin ;
i 9 part of g Sections
included here for °°“Plltn:i::ptanc. tasting but ha::Ybe::

The nominmal focal spot size is geansrally between 0.3 and
9.5 ma. If a magnitication facility is provided, a dual
focus X-ray tube is required with an additional fine

facus.

1.3.2 Safety Checks

The cassette table normally provides a cassatte holder for
direct aexposure and a removable bucky  assembly
incorporating a secondary radiation grid. Modern
mammography cassattes are constructad from hard plastic or
carbon fibra materials (both of low atrenuation) and have
a single, Dback intensifying screen for use with single
emulsion film, although double-scraan mammographic systens
nave becone available recently. The cassatte table also
incorporates Gthe detactor of the auromatic exposurd
control systsm which is normally located below  the

cassette.

(i) ¢
Neck that pawered movement of the tahl
e

Comp ess‘o“ H app ile S a7
T - 1 1 d (DH S, 19
’

1986b, para 1.10.1). is prevented wnen

Para. 1.4.3; DHSs

1i) Check that the au

2m tomati
alier an exposure tic release of the

functions carzectly (ccnpression Plate

(iii) check Hofieted).
: that t!
ficted) . fe auto releass override is functioning i
n (iz

(iv) chaeck

o that the ene
A device is previded for compressing the breast which is j correctly. Tgency compression release operat
pover driven on modern units. A number of accessories for =2 a3
nagnificatien techniques, biopsy procedures and localised |

comprassion may be provided.

Many of the neasursments described in section 3.5 need
be carried out at a atandard setting of tube voltage. I
is suggested that this be 28 kV , oOT as near as the }
available selections of tube voltage will alleow. It is 4
isportant that the instrumentation used  for the ]
measursments has an appropriate calibration. :

(v) cCheck
that the maxi
200 ¥ (DHSS Ximum compression force d
manufacturer's spegisicasioi}t (Lo4:9) (s::‘ n:f,ocxc:;d
L ]

S specificati
Set of Dbathroom scales ;:;)S.(A comprassion balance or a

to }
should be checked before usae). used: thelr calibration
Check that theras are no

Sones, comp {
ression pla
harm a patiane, plates

sharp edges or surfaces on the

+ Support tab
or opatrator (DHSS, 19!7}.$a::?.1 :h:?h -

Check that the light sata

time (DHSS, 198sb, para.ys Sn_for no longer than 1203 at a

3.2 Electrical sSafety
3,2.1).

The requirements for electrical safaty are contained i“ﬂ'
British Standard 5724, part 1 (BSI,1379b) and in the ‘

=10-

fe”



3.3.3

(1)

{ii)

(iid)

{iv}

(v)

(vi)

‘vit)

riil)

(ix)

complezely
1937,

scTeen ls

rotective
: (DHSS,

if the
. are marked

hat,
Check € aagas

transparentc, the
para. 2.7.2).

functicnal Chacks

that the equipment is completea by reference to the

meet ‘ ful apout attachments
cecifi ion. da particularly care 2 en
:::c-;;izgnal extras such as cones, diaphragms, gr:.d,
biepsy plate and magnification tablas.
Check that the following are marked:

para. 2.12.2,

i iti HSS, 198&b,
ot size and pesition (D .
gggallggl, para 5.1, NRPB, 1988 para. 4.3).

inherent added, total filtration igs?n Aigé?clugiﬁg ;hit

just le/removable filtars. ( . . 1
gésgdjfggzg. gara 1.7, DHSS, 1987, para 1.3.35, NRPS, 1988
para:s 4.4 T0 4.7).

position of AEC detectars on breast support table (DHSS,

1987, para. 2.2.3.Db).

magnification settings (if fitted).
the

any
para

reae- ning and that
hat all movements are free-run

ghect r:;:ired to be axerted by the operator cOlgggsn
e;:ipmen: movenant is less than J0 N (DHSS, '

1.7.4).
brakes

machanical/eleactromechanical iy

Check that -~ all %87,

function properly and without backlash (DHSS,
1.7.2),
clear on all

scale markings are rotataonal e

veneants. The
et 108 intervals with 5§ e o
Pay particular attention

{FFD) marking it this is

Check tha; $
linear/rotationa
markings should be at 10
(DHSS, 1987, para. l.4.4).
the focus=film distance

adjustabla.

ked with their
the cones/diaphragms are mar el
g?:i: :?::s at the relevant FFD (DHSS, 1386b, p

2.23.1}.

i snant
ower driven vertical mov oo
gggifblshasizg a patient against the table (DHSS, 1 '

para. 1.4.13).
Check that all foot switches operata.

the
Check that all the attachments fit properly and that
locks function.

=1llw
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increments :

is  still

(XZii)

i)

Check that tne detnc;ar for the Akc Adves properly in=g
the predeterained POsiticns (if availanlae},

Check thar the cassette can he inserted and remcved easjily
YIIMOUT  snagging and that tene retaining  forze 4
sufficient =3 preveat movenment of the cassetta when (e

in the verzical position. is
Check cthat the light intensity from the x-ra L
defining light is adequate. Y field
Check that the novement of the Compression plave is
snooth. -
Check the accuracy of the breast thickness indicatar,
(The slab phantonm described jin Sectign 3.5.11(a) may te
used for chis). .

Radiation Safecy

Intrsduction

Rad;at;cn safety requirements are defined by the Ionising
Radlat;on; Regulations 1985 ({HMSO, 1985), the
Accompanying Approved Code of Practice (HSC, 198S5), the
Guidance Notes rfor the Protection of Persons againss

Ionising Radiatians arising from Medical and Dental Uge
(NRPS, 1:983), and the Ionising Radiations (Protaction of
Persons undergoing Medjical Diagnosis o Treatnent)
Regulations 1988, (HMsaQ, 1988). The Technical Requirements
for the Supply and Inatallation of Apparatus tor
Ciagnostic Imaging and Radiotherapy (DHSS, 1986h) also
give guidanca.

The dirfferencas bDetwvean hammography units and general

X-ray units, as far as radiatien pProtaction is concerned,
Stem from the use af lover X-ray anergies and
Specialised geometry,

The X-ray field is Permanently aligned with a patient

support table only slightly larger than the image
racaptor, The table should also act as a primary bhaan
absorbaer.

X-ray beam alignment is particularly important:
the X-ray field should extand to the edge closest to the
Batient and may axtend slightly beyend it, to ensure that

the postarior wall aof the breast jig fully imaged. Not all
existing machines have light bhean delineators, although
New ones should have (OHSS, 1987, para. 1.3.9), Soms have
2 ssries of removable field defining dliaphragms.

X-ray tube windows are generally made of beryllium, so it
is essential that additional filtration is prasent,
otharvisa unaccepcably high doses will be receivad by
Patlients (Wright at al, 1971). However, the inherent
filtration sheuld not excesd 1 mm beryllium (DHSS, 19a7,

Para. 1.1,4).
12~




(i) Chack that the &xposure butson g fitted =g the
Panel or js on a lead snor

control
T enough g confine tne
cperator ts the Protected area (NRPS, 1988, para 4.24a),
. : the (x) Check ehat
Tnspection operation of
3.4.2 ing checks relate to the S -
he followin

the design of the

- a ‘
it is sltudated s the desis o
room in which the X-ray unl
The
X~ray set.

i lighe.
ce warning
idered except for the entran
is not <ons

Tnag eXposure sw
lLnadvers

itch pravents
rays (NRPB, 1sas

+ On both the

+ Para 4.25),
some {x2) 5?23: ;n:tEShehdesiqn of the exposure suitch ig et 2 o
e e bec;uge “fe Eelea:ed (NR;E eigggposzg: :ag;?’ Pressure on it jg firse
not ba reg . section ) ’ ' | .
The checks ’E°“lince measurements f}?tration By hot “be ) .
omplgielior Cy ony e by measur the half value {%1i) Check that, ir tne X-ray set is Permanently insta)]eq
forked i Sl ean be conica d In addition, there s a functioning req light at the entrance to t&;
;arked T ?i{ration i = ;onglrmea;q“1lti°ns Lary room warning whan X-rays are being or are about «¢g Le
iaye: o tgaoglthe equipnen Radi?éEon:“CL“des ancillary Jenerated (HSC, 1985, para. 2.1.5; NRpS, 1983, para‘'s 3.1
. 3 ; t (whi d image to 3.13).
Regulation t X~ray equlpmen len ne e an . )
equires that pearing on p Ao b : B
:qatpm‘nt T i;s radis E.C.pt°r§v:3db$ patients is % (xLii} Check that the 1lead tquivalence of the (integral)
ot o qut i e r‘c’11C°l requirements. i Pratective screen is marked
such Toat ::g:istent with the tilég ST A i e
Ml ) ;
:hes mégtnu:qrformanca measurame i
Thu .L

PPropriate, arc Specified kilovoltage (DHSS,
2.2.5; NRPB, 1988, para 1.8).

Chack that the lead
50 kv ({DHSS, 1987,

1985b, para
obligatory.

. c 1985%,
. titced (HSC, 138 n
. ins isolater in ositic
:y Check that chort xsf:czaxth. normal operating P
(Z cassible
2.1.8) ac<

L2 .
{DHSS, 1986b, para. 2.5 H

s a . the
11 ) C heCk that the e Cleaa an marxlnqs of
re ar 1 r d unanb Lquous
Q 5C 1935 part 2-1.9'.
contro ls (H . '

{xiv) ®quivalence is at least 0.3 pmpy lead atz
para l.s,2),

(x/} Check that the ga

P batwvean the sCra
control cabinet t

; ; ®n and the edge of the

@ which it g attached is minimal.

(xvi) Check that there is goed visibility of the Patient by tne
operatar and vicae varsa. (DHSs, 1987, para. 1.6,2},

ing light
, . ins«on warning iils
: unctioning ma" 11 fulfi
nat there 1; a t“at. that this g:nzizchyuarns that
} an the control Bt having a device ;1‘235 (NRPB, 1988,
i nc o ! rate X-r .
che regquirens action will gene
one further

para 4.18).

(iii) Check €

4 Leakage radiation

t it §
ions and that &
1ight functl t exposure g
nX-rays-on” aven at shar
. X chat tha n
(iv) Chac

i often
ains on long anough to be s..()m audible warning
ren

ible ¥
a 4.19). for a visible |
times (NR{BE dlgsgﬁtp:: {s not a substitute )
is also fitted,

warning) .

The measurement of leakage radfation is in two parts,
tirsely the locatien of lsakage and sacondly, its
Deasuremant (see alao section 3.5.1 on tube rating).
Any deficiencies in the shielding of the tube housing or
diaphragm assenbly are best Pin-pointed using film.
Remove the cone it fitted and place a bcau—stoppcr of 1 om
lead over the end of the diaphragm Assenbly such that ne
Primary radiation is a

mittad. Laave Any removable filtaer
9r diaphragm in Place and do net cove

r the slot with lead.
Position envelope-wrapped film (Pre-packed or in
induseriayl flexible cassattas) around the
Ordinary cassettes, Litted vith intans
also be usad, Make sure that tha

€ t‘ﬂ
st equivalent =T g
that the total :11c=a§§°"x§§a'tp§:: 4.7)- A
X a Mo {NRPB, 4 :
(v ¢Chac 1 or 0.01 mm
0.5 =m A

or 3
rezoveabls <.
iz the added til"'tli?oci’ to prevent af

{1 LR
(vi) Check that, crectly insertet,

inte
thers is an inco
int.rc::ng;.:;:'tlltnr is repovad oY
exposy

ra. 1.6.1). "
pHSS, 1987, pa a can be T
( £ a tield limiting di:Pﬁipg:ur. unl!?1 ;
rii) Check that, intlrlcck to pr.v.n;s; 1987, para. 1.©
thera 18 ?_: prﬂp.rly aliqﬂcd (D ’
diaphragnm

ne,

sure On ara}

tes vhen pras 988, pars)
t;r:i::aturnly. (NRPB, 1 ' -

housing.
itying SCresens, may
filns are marked sc that
their positions can be reconstructed. Expose at the
Baximum kilovoltage and a high mAs. Saveral
have to he made,

eXposures may
Process the films and Pin-point any
leakaga.

Ly
moved,

sure
. that the expd
R 22;§:urc putton is release

-14~-
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Next, neasura ile leakaga radiaticn using a S5u_tabl, :
i

. The alignment of the X-ray field witn the film/cassetse
lonisatian chamner/electrouctqr 4t the same tube valtage

..4.7 Alignrment of X-ray fieldq g fila/cassetta
should be checked for all the combinations of focus-filpy

45 befarag. [deally the chamber shculd have an BffeCtivg discance {FFD) and tixed fiald sjize available. Mark the
€ross-sectional area that enables the ieakaqe tO0  be identizy of the film and its orientation, Measure tpne
averaged gver an area not eXceeding 100 ca®. Place tp, displacement hetween the X-ray field and the fila along
chamber clase ta the housing ang in the Positiong the fronc edqe_and the two sides. If the X-ray field
correspending to any significant leakage seen ipn the overlaps the film along the frant ®dge, measure thg
filams, {f no leakage is saeen, measure the leakage in the separacion using a Cassette placed such that j¢ overlaps
cardinal axes and alsg at  any filter/diaphraqm slot, the cable. Alterpatzv-ly, use a fluorescant SCreen .t
Correct the readings to BGY in 1 hour at 1 m  grop the this is more convenient.
focus at the maxinun Tating of the tube housing.
Equipment Cassette, narkars, staal Tule,

Equipmen= Prepacked film/industrial flexible tluorescent screen

cassettas/ardinary cassettes, fitzgq ’

#ith intensifying Scraens, Liziting valuae Within the hanufacturer's specification

Ionisation chamber and electrometear, or, if not known -

Tuba housing rating chare. - O0Omm, + 1 an aleng chest wall edge

* 5 mm along the ather three sides
Liniting value Net more than ) B8GY in L hour at lm

£ron the focus at the naxizym racing of

the ctube housing av raged over an area $.4.8 Alignnment of light field to X-ray field

ot exceeding 100 ca (NRP3, 19sa, para .

4.2}, . This should be checked for all the combinations of FFD and
fixed field sizae available. Use a film/cassette and mark
its orientation. Al:ernacivcly. uUse 3 fluorescent screen.

Lead eg:uivalence of the intagral Protactive screan (ie Measure the displacenment between thae light field ang X-ray
Supplied; field along the four adges.
The neasurement of leag equivalence is not sStraightforvard fquipment As above
but je day be deduced from the nmeasurement of the
transmissian of Prizary or Scattered X~-rays. Limiting valus Within the manufacturer's spacification
AltarnatiVoly, 4  low energy radionuclide sgurca may be ar, if not known -
used (Hewite, 1982), * 5 mm (DHSS, 1987, para. 1.3.9)
The purpose of the ReAsurement {s to check that the
radiacion dose received by Personnel behind the Protactive -5 Measurements
Scraen is not significant, Hormally, a time-average doss - s
Fate not exceeding 1 HSv h * should be attainable and B AR X-ray Tube Rating
should not give rise to a significant dose (NReB, -],
1988, para 3.5). A more Practical approach may be to check o Before commencing any measurements it is important ta
that this figure is not likely to ba axcaeded. b Tefer to the tube data in order to find a suitable
. @xposure repetition rate within the rating of the X-~ray
Table transmission ' tube. Some Bammography units provide a delay periad,
. during which a further eXposure cannot be made. This may
The patient suppart table is Normally regarded as bean_ 4 be a set time interval (typically 30 seaconds) or an
Primary beam absorber, but it i3 useful to check whetier N interval derived from the Parameters and fraquency of the
any radiation transspitted is significant, £ Previous exposuras,
»
Separation betwean filn edge and table adge 3.2 Alignment
The fronc edge of the film should be closa to the frant : Details of alignment chacks are given in sections 1.4.5 tg
edge of the table $a that as much of the breast as 3.4.7,
Possible is imaged. The distance from the edga of the
£ila to the front edge of the table, for the norzal I3
Positian of thae Cassatte, should thereforas be checked.

-16-
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(a)

(i)

9)

.5.4

(a)

X-ray riejg Non-uniformity

Introduction

It is important ta assess the variation in air kerma rat.‘

in the X-ray field becausa: ;
The major cause of X-ray field non-uniformity is the hee]
efface, A mammographic X-ray tube is hormally desiqn.d
SUCh that tha part of the X-ray beam having the highest
air kerma rate is directed towards the thickesc part g¢
the breast, j.e. closest %o the front edge of the brease
Support table.

The thin foilsg
unifora thicknaess:
(Barnes, 1938},

used as beam filters MYy not be of ,
perforations have also been reported

The method given below enploys film and is sizmilar to the
British Standard far the deteraination of the naximunm
sSymmetrical radiatian field (BSI, 1%a8%) although this
standard 1is nat applicable to mammagraphic X-ray tubes,
Hewever, no attenpt is made to Calibrate the filn densitcy

in “erz:s of air kerma rate or to position thae cassette and

aluminium sheet perpendicular toc the reference axis of the
Tube.

Method

Place a sheat of aluminium (240 x 180 x 2 an) on  the
Sreast support table with 3 loaded cassat-s ip place.
Ixpose at 28 xV and aig for a film density of bhetween 1

and 1.5 above base plus faog. Msasure thae density in the
centre of the field and at 20 mm intervals along the majar
axes. Inspect the fila for any changes in density whiech
Tight be indicative of inperfections in the tilter.
Equipment Aluminium sheet (240 x 180 x 2 mm)
Densitoneter
Limiting value Farallel to the tube axis :
according to manufacturer's
specification, if given.
Parpendicular to tube axis:
within + 10% of the dansity at
. the field cantre.

OCimensions of Focal Spot

Introduction

British Standard 6510 (BSI, 1984) describes three
tachniques that may be used to measure characteristics of
the focal spot. Although this Standard refers in general
to conventicnal diagnostic x-ray systems, much of the
information may be applied to Bammographic units.

“w]T-

e

F

The Standard recommends that the fecal Spot dizensions are
measured using a slit camera but recognises that a stzap
resolution grid and a pinnole canera are also usefy). The
results given by thess three techniques may differ,
Kinme~Snith et al {1988) have conpared the slit and
pinhole cethods and Doi et al (1982) and Everson and Gray
(1987) have compared all three.

It is suggested that on installation of a nammography
iystem tha dimensions of the focal spot should bea chacked
using the slit camera method. Hovever, this method may
not be suyitable for routine measurenents as it requires
precise alignment, An  image of a pinhole or a star
resolution grid should he recorded on the sanme occasion,
Subsequently, as part of the routine tests, furcher inages
will demonsczrare any appreciable change in the focal spot.
There may be difficulties in the intarpretation aof star
pattern images; further details may be found in BST (1984)
or, for example in Spiegler and Beckinridge (1972) and
Burgess (1977},

The racommended tubae voltage for focal Spot measurements
in British Standard 6530 is 75 kv. This voltage is not
suitable for mammcgraphy units. The test should be
performed at a tube voltage of 28 kV and at the Nost  used
value of tube current (further measurepments may be made at
other values of tube current},

Measurement Geometry

A suitable support should be constructad ta position the
slit camera, star resclution grid or pinhole between the
tube focus and the table. For accurate measurement of the
dinensions of the focal 3pat it is important that the
centre of the measuring devica is cunsrcd on the referance
axis of the beam and is normal (x 0.57) to it. This =zay
or may not be the central beam axis and may or may not he
norzal to the table (BST, 1981) .

The measuring device should be located close to the tube
POrt to achieve adaquite magnificacion. This may requira
the removal of the cone. The magnification may be
deternined geometrically or radiographically.

Information relating to beam gecmetry and the locatian of
the refesrence axis should be given in the X-ray tube data
Or may be obtained from the manufacturer (BSI, 1981).

The focal spot valua specified by the manufacturer will
generally be spaller than the measured dimensions dua to
the genercus limiting values allowed in British Standard
€530. In the following paragraphs the term ‘nominal focal
Spot value' refars to that quoted by the manufacturer. It
is important chat the measuring method used by the
manufacturer is known when comparing measured dimensions
Lo quoted values.
=18~




-+ Methaods

. (iii} Pinhole Method
(1) The 3lit Camera . . ‘
The pinhoale pethod produges 4n  image which in

The focal speor dinensicnsg should be detarmined . addition to dimens;onal _Lntor;atxgn shows the
using a slit camera wieh 4 loum silje, Two "y orientatian of and intensity distribucion across
Bagnified izages should be produced with the slie F the focal spot.
normal to anpgd Parallel to the X-ray tube anode- 3 . . )
cathode axis. The 7easuring geometry should bpe 3 A gold/platinum alloy pinhole (30 KB ln diameter)
such that thae magnification iy >=3 for a nominal i’ : is supported in  a similar wanner to the slic
focal spet value <ag.4 and >=2 for nomina) foca) M camera. The image may be recordeq using a
Spot valuesbetveen 0.4 ang 1.9. The filp should he : non-screen  film or a  standard manmographic
exposed to an optical dansity orf between g.g and - sCreen-tilm combinatjan.

1.2 above the base Plus fog laevel, The use of , . ,
standarg hammagraphic SCreen-film Combination jg Equipnent Measuring devica (slit, Star or pinhola)
acceptable but a non-screen £ilm is preferred. : Supporting jig , .

. Mammagraphic screen/film or non-screen film
The dimensions of tne focal apot are derived py Densitometaer . .
e8xamining and Baasuring the pajir of images through i Magnifying glgs; (5x to 10x) with graticule
4 3Dagnifying glass (Sx to lox, having a built-in (0.1 am divisions)
graticule with 0.1 =m divisions) and Correcting for
the magnification factor. Linizing valuas

: (i} sSlit methed
(ii) The star Resoluytion Grid .
The results should bae withxp the manufacturaer's
The focal spot dinensions can he estimated frop the specification and it is leportant that the
'blurring diameter' on  the impage of , star - Reasuring method quoted by the manufacturer is
resolucion grid, This diameter refars to the taken into account, The limiting values for the
distance betwveen the outernost blurred Tegions an

slit 2ethod are given in BsT (1984) and are
the image along qach direction of svaluation ; reproduced in Table 3.1 below,

{normal ¢g and Parajlel to the X-ray tube ancde-

cathode axis).

day
i
=
L}

Suitable spoke anqées are 1,5° for focal spot

values >=0.2 and 0.5° gor focal spot values «ug.3. : Limiting valyes of focal 409t dipensiona for nominal focal spec
If only one 3tar resoclution grid is avallable, a < valyes
Compromize is 1”7 whien should caver the range in .

focal values of 3.1 up to 0.5

e

-

. Nominal focal spot Limiting valgus of measurad
A magnified image (magnification >=3) of the scar v value dimensions (mm)
resolution gqrid jig producad on a non-screen film. . Width — lLength
A standarg Bammographic scrasn-film combination can c
be used but jt Zay be difficult tg achieve a smal) 9.1 0.10 - 0.15% 0.10 - 0.15
enough exposure, < 0.15 0.15 - 0.23 Q.15 - 0.23
) -] Q.2 2.20 - 0.3a 0.20 - 0,30
For a star Pattern with a Spoke angle of ¢ the 0.3 0.30 - 0.45 0.45 - 0.65
effective dimension £ i given by: 0.3 0.40 - 0.60 0.60 - 0.85
% 0.5 0.50 - 0.75 o.;o - i'§
t=29.  _p % .6 0.6 =~ 0.9 0.9 -~ 1.
180 (u-1) : 0.3 0.7 - 1.1 l.o - 1.3
" 0.8 0.8 - 1.2 1.1 - 1.6
where D is the blurring diameter on the image and M
is the Jeonatrical Bagnification of the inagae.
-20=
=1l9= %
£ ]
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(a)

(b)

; e re—4 - It is
hot certain whether thig factar js applicable =g
Dammegraphic tubes, as the Standard was written for
general diagnostic tybes. In the absence of other
quidance and in tne interests aof achieving unjifora
practice, it isg recommended that this factor s
applied according to Table 3.1,

Note also thaz, if it jg Nécessary to check whether
equipment complies with the OHSS  Guidance Ngres
(OHSS, 1987, para 1.3.2 and 2.1.2), the factor 9.7
is pngt to bhe applied, The measured dizensions
should be no greatar than 0.2 x 0.2 mn (fine focus)
or 0.5 X 0.5 mm (broad focus) .

(ii) Star and pinhcla methods (routine testing)

The results should he within + 20% of the baseline
value,

Kilovaltage Calibration
Introduction

T¥o commonly used- non-invasive nethods of deteruining
Rammographic tube voltage ars the digital kxV metaes and the
Denetrameter. The tube voltage can also be measured
invasively but it ig felw that such nmethods are unsuizable
for commissioning and routine perforsance chacks.

It is inportant that the measuring device has an
appropriate calibration. Correction factors may e
required for various target/filter combinations and high
voltage wavefornms. :

Measuring Instrument
The digital instrument is sasy to

v
use and provides a dirget readout of tube voltage
for various target/filter combinations and high

(L)

voltage waveforas. Suitable exposure factaors
should be given in the instruction manual.
(ii) Eqnetrameter The Panetramater (Ardran and Crooks,
N 1968: HPA 1977) should be designed for mammographic

energies.

Exposure factors should ba chosen such thatr the
referance denaity produced on the film is
approximately 1.0 abeve hase pPlus fogq. In general
the required exposurs will increase rapidly as the
tube voltage is decreased and care should be taken
not to overlcad the X-ray tubes. It is recoammended
that films are evaluated using a densitometer.

“2l=

1.

(<)

5.6

(a}

Range of Measurements
(i) Coamissioning

Measurements shoyld be made or at least four
k;lovoltaqg settings which shauld span the normal
manmagraphic range. If two focal Spot sizes and/or
nore than one tuke current Setting are avajilable,

current setting, Measurements aof , single tuse
voltage Setling at the other focal spot gjize and
other tube current settings should alsc be made.

If'the X-ray generator systenm incorporates 4 mangal
mains voltage control it nay be of interest rg
examine tha effect of Bis-setting this cantral on
the tube valtage,

(ii) Routine testing

Measurements should be made at ena Qr tWo
dppripriace tuka voltage settings

Equipnment Digital kV meter or pPenetraneter
and densitometer
Limiting value As tube voltage, can have a

considerablae effect on the
nanxcgraphic image qualicy, it is
desirable that the actual ctube
voltage be within %1 kV of the
set value (DHSS, 1987). However,
with the precisian of current
measuring  equipment and the
Present difficulty or obtaining a
valid ealibration this may . be
difficult to achievae in practice.
Therefore, a liniting wvalue of
* 2 kV may be more realistic,

I? the limiting value is exceeded

the calibration shoyld be
corractad (by the sarvice
tngineer) before making any

further measurements.

Half Value Layer and Filtratioen
Introduction

The ICRP (1982} Fecommend that for mammography, the total
perzanent filtration should be equivalent to at least 0.5
nx aluminium or 9.03 mm molybdenun,

=22~




{h)

(<)

Decails of rhe filtration will generally be shown on  tha
X-ray tiubke assembly gp given inp the qccoupanyinq
decunentation. It is required (DHSS, para 4.2.5)
that every added filter shall be Peraanantly and clearly

with its fil;;a:ian in o of aluminjug equivalent
(see section 1.3.3 (ii)).

The tacal filtration of a Tammographic X-ray tube 4ssenbly
May be deduced fronm the half value layer of the
bean at a specified tube voltaga.

Measurement of Half Value Layer

Tha half value layer should be Assessed by adding enin
aluminium filters Lo 2 callimated X-ray beap (Rarrow hean
gaometry) and measuring the attenuation,

Using an  ionizatian chamher and ¢lectrometar a4 zera
reading without any added aluminjum jg first established,

Further exposure headsurements are tecorded for each addeq
thickness of aluminjunm.

The aluminiuvm foils BUST be of adequate purity, ae.q. s13
grade or bettar, (HPA, 1977) and are Positioned as Claosae
4s possibla to the tube focus, Naormally four to six foilg
up to approximately 1 mm ip are sufficiant to defina
the attenuatian curve for che half value layer
determinacicn.

2 Dammography unit with a Bolybdenun target and nolybdenux
added filtration, the hal? valuae layer will LYpically be
berween ¢.3 and 0.4 am af aluminjum.

Derivation of Flltration

The measured halr value layer at a particular kilovoltaqe
€an be related to tne total filtratianm enploying published

data (Wachsmann and Draxlar, 1976). Saee Appendix II.
Equipment Aluminium foils grade 518
Ionisation chamber/electrometer

Suitable jig.
kimiting value As total tubae filtration can only
be assesaed by an indirect
Deasursment, some additional
uncertainty associated with this
quantity should be applied to the
estimation. Howaver, i{f the halrf
value layer is 390.3 mm  of
aluminium (at a measured 3¢ kV)
ic is unlikely that thae total
filtration wil) be less than
the reaquired 0.5 am aluminium
equivalene,
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Exposure Ting
Introduction

Mamaography will noraally be performed usan automacic
axposure coantrol (AEC). However, on fCcasions, manuyal
control of exposure tize may be required,

<0 the manual mode the duratien of exposure is
by setting either exposure time or tube current

contralled
exposure

tine product (mAs). In the latter casa, ig the tuke
current is knhown, the expected exposure time mpay bhe
derived,

Measuring System

i ' £ a
The duration of exposure should be checked by use o
digital exposure timer suitables tor wmammographic X-ray
energies,

be noted that with such instruments the exposure
EEm:h?:lgeasured trom the radiation wvavefora, whereas it
is set (by thae manufacturer) on the tube voltage waveforw,
Thus a consistant error MaY occur hetwean the measured and
set valuas (typically no zore than 5 ms but posszb}y up ta
20 ms). Altarnatively a suitable detector connected ta a
digital storage oscilloscope may be usad.

Range of Measursments

Cizes
Exposures should be made over a range of exposure b2
(;E 2As values) and the measured time reccorded.

ipmeant Digital :inc; or detactor/
Fquip storage oscilloscope.

iti ble to

i alue Manufacturers may be a
Limiting v supply limiting values for the
exposurs times on each of their

enerator systems. Suggested values
Ero * 10%¥ for times >=200 ms and
+ 15\ for tizmes < 200 ms.

Tube Qutput

Introduction

important to measure tha radiatianm output of the

oray too high a value may indicate

X-ray tube (air kerdma/mAs):

inadequate filtration of Eho x-r:zhbctz.an:iq:ao vigzaq:
indicate problems w . q
::i::orm?ay Some typical values of cutput are given in

Appendix II.
The consistency of X-ray output and its dependence on
parametars should be exazined.

-d4=-
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N should again

Measuring System

Tube output should be Measured using a
lonisation chamber and electroneter system,

should Hhave a flac responsa
fammographic range of energies,

calibraved
The chambher
characteristic aver the

Measuring Geometry

The chamber is Supported in the X-ray beam at a

‘ Suitable
distance from the tube focus (40 ca

to 50 cm) and at least

10 ca above the cassetle table (to mininise the effects of
backscatter). The Aeasurenents should he expressed as ajp

kerma (pGy)/mAs corracted to a focus-detactor distance of
1l metre,

Range of Measuraments

(i) Consistency of Qutput

Remove the compression late. Select the mgse
commonly used tuba current and an exposure time to
give a tube current-exposure time preduct of 3g-s5¢
DAs. Measure the tube output at one kilovoltage
satting Previocusly calibrataed. Repeat four times.
Equipment: Ionisatian chamber/electrometer
Suitable jig

Limiting value: The output should have a maximup

daviation from the mean value of
<1l0%.

Variation ot Qutput with Tube Voltaga.

Remove the compression late. Select the most
comAonly usad tEE. current and an exposure tine ta
give a tubae Current exposure time product of 30 to
50 mAs. Measura the tube output
Sattings used in the calibration of tube voltage.
from these Beasureaments the tybe Qutput per mAs can
be plotteq against the kv . This should be
Approximately linear. Alternatively the log ot
QuUtpUt may be plotted against thae log of kv which
result in a near-linear plet (the
gradient should be approximately 2).

The weasurements shoyld nornally be made with thej.

Comprassion plate rezmovad, Howaevar, it is
Necessary to repeat some of the peasurements with
the ciapression plate in place for the
determination of breast dose (see section 5.1.13).

-2%5=
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Zquipment: As above

Liniting value: No limiting values nay be
specified but typical resules
ares presanted in Appendix II.

Variation of Qutput with Tube Current and fFocal
Sgcot Size

(iii)

If other tube current values and/or foaocal spot
Sizes are available, neasure the ouUtput at each of
these settings at a single selected value of tube

voltage (28 kv).

Equipment: As above

The output/mAs should have a
maxiaum deviation from the mean
value of <10%. Any variations
may be due to problems iq tube
current calibration (assuming the
tube valtage and axposure time
to be correcrt).

Limiting values:

Magnification and focus-film distance

usually specifisd with :esfecg t: ;h;

face of the breast support table. It shou q e C es|e
::r tge noramal setting and at each _magnificatioen se:.f?q
using a thin marker of known dimgns1ans. The focus-fila
distance may be checked by a similar method.

Magnification |is

The Secondary Radiation Grid

Introduction

tions employing a
At resent, most mammographic examina
scregn-tilu'comhinatian are pegtorTId :;:hq:i;.fznd::znted
radiation grid in the beanm. sually th ne S axmounted
i buc assembly and moves during the exp
;:quer,u :Ystltionary grid either inside or outside the
Casaetta may alsoc he used.

ill
atlo, line density and focal 1length w
nornagfid b: shown on the grid itself or qi;;gs 1?19:2;
manufacturer’s data. For a moving grid asnaley
recommends a grid ratio of 4:1 or 5:1 vith a l}:c density
of approximataly 30 lines/cm, Stationary gri ;aw Tt
higher line density, typically 80 lines/ca (Ders

Tha

iate to the
1985). The focal length should be appropriat
tocul-receptor distance of the nammographic unx§.

The i gives the increase in exposure

the grid and in mammography is

required when using
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typically atcut 2 and should not be greater than j

- ; (CHSS,
1987). r:_ is defxned_ 45 the racje of the incident
egp:sure with the grid in Place to the incident exposure
without

7 the grid and g therefore a property of zhe grid
ltself and  not of the grid system. The grid expasure
factor is easily measured in SYstems whare the grid alagne
can be renaved but inp the nany cages where this jg not
Possible, the gri \'d MmaY be measyred
instead. The grid system @xposure factor ;s defined here
4s the ratio of thae incident eXposure with the grid syscem
in place to the incident €Xposure without the grid systam.

i : the grid and the grid system exposure
tactofs will diffear because of absorptiaon in the cassaree
tunnel.

A method of

: . , Assessing the performance aof Secondary
radiation grids 15 described in British Sstandarq 3913
(BSI, 1980) but this 1s not applicable to ranmographic
Ggrids.

Measurements

Grid exposura factor/grid SYsten exposure facror

The grid eéxposure rfactar should be determined at 28 kv
with a 4 ¢33 thiek Perspex phanton (Sectign 1.5.11{a)) an
the breast support table, above the Plane of the grid, =a
produce scatzered radiation, A film method empiaying a
Jammegraphy cassette should be used, The grid exposure
. estimated from the ratio of the tube current
eXxposure time productsg (mAsS) required to produce tha sane
Optical density on the Processed film with and withaut the
grid. The grid Systen exposure factar Bay be estimaced in
4 siailar wvay with the Cassetta being placed on top of the
cassecte tunnel for the exXposure without the grid and a
small jinverse Square law correction being applied tg
correct for focus-film distance.

Examination of the grid

It is useful to Produce a plain radiograph of the grid at
the focus-film distance at which it is used (xea also
section 1.5,31). This allows the line density to pe
estimataed (through a magnifying lens) and the uniformity
of air kerma rate ACross the radiation tield to be
assessaed, Poor uniformity may ba dus to gqrid cut-off
which indicates a nisplaced grid or a4 grid of the
inCcorract focal langth, (See alsc section 1.5.3).

The grid movemant will have to be disabled for this
examinatian,

Equipment: 4ca Perspex phanconm

Densitonetar

-37-
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Liniting value: Grid racic and line densizy: to
Danufacturer's Specification,
Grid exposure factor:

NOLt To excead 3.0

Autzmatic Expasure Control Systams
Intraduction

In screen-fila mammography the radiation exposure ig
ftornally controlled by a radiation detacror locatedq after
*he image receptor. This detaecter zmonitars the X-rays
transaitted by the Teceptor and the exposure is tartinaced
“hen the radiation dose received Dy the detector rsaches a
predetermined laval corresponding to the dasired optical
density on the filx,

For many mammographic X-ray units, the position of the
radiation detector can be varied betweaen two or wmore
predeternined positions ta facilitate the exposure of
Dreasts of differing size or density. A density control
may be available which can be used to vary the exposurs.
There may be a further control used in conjunction wien
different screen-film combinations.

A guard timer will be fitted to prevent grass
over-exposure of cthe breast if the automatic exposure
contral system fajils. The quard tipe jtself 2ay hLe

related to the maximum mAs available or to the Danual
setiing of the machine, and in the latter case jtr js
inportant to ensure that the value selected does not laad
to premature teraination of the exXposure.

The performance of the automatic axposura control systam
will depend upon three major factors:

(i) The reproducibility of the systam for repeat
exposures under identical conditions.

variation of the response of the system with
radiation qualijty, (There will be quita large
changes in radiation quality with _braast
thickness and composition dus to variations in the
~ X-ray spectrum transmittad by the breast).

(ii) The

{iii) The wvariation of the fesponse of the system with
dose rate.

In most cases, the radiation detectzor will bhe located
behind the image receptor and the radiation dose it
receives for fixed dose to tha receptor will depend both
Upan the energy responsa of the detacter and recaptor and
upon the ctransmission through the receptor. Tha AEC
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(i)

Systen will thersefore pe ener

] _ Jy-dependent and some form of
electronic quality compensatian may be desirable. {For
éxample, LaFranca, Gelskey ang Barnes (1987 have
denonscratad

that far a certain AEC system, the optical
density on the varied between .4 and 0.5 fop
Perspex phantom thicknesses between If the
radiation detector g located in image
receptor, the quality dependence will he reducad

Some automatic correctioen may still be
those machines quality variation
significance, it will be Necessary tg
campensations using the density cantrol, dependinq
tha patient and the choice of operating
(including adding gor Femoving a grid
magnification techniques),

upon
Parameters
and the yse of

The dose rate at the radiation detector will depend upon
the tube current, voltage and filtratian, a8 wall as the
size and composition of the breast being examined; the
automatic expasure Systam may

omat need to cope with dose
variations af more than one or

rate
der of magnitude.

The automatic exposure

control should he tested using ,
phantom which can be use

d to simulate breascs or different
thickness, It iz suggested that the phantom be
constructed from thres slabs of Perspex, each 2 cm thick,
and of semicircular cross saction. A diameter of 15 ca is
suitable, although the shape and area of the herizonral
CTOsSs sectiaon through the Phantom are not critical.

Test Procedurss
Setting up the automatic 4Xposurs control

The automatic SXposure control should he fet y
the desired optical density on the film,

normally done by the installation angineer), It is
Suggested that two slabs of the Perspaex Phantom are used
Lo approximately simulate the exposure of an average-sized

compressed breast, 4.8 cm thick, The phantom should be
positioned as for o €ranio-caudad projection and the
3tandard chamber positicn should be used with the

P to give
(This is

density
contraol sat in its cantral positiaon {na density
correction} ard the Simpression device in Placea against
the top surface of the Phantonm. The

X-ray unit should be
OpPeratad using the tybe current and volt

used in normal clinical practice.
is  sugqgested far the combination o
and a mammographic Xe-r
molybdenum filter,

age which would be
A tube voltage of 28 kv
t screen-film recaptor
Ay unit with a molybdenum target and

The screen~filp cemblnation normally

should be enployed, with the filps al
batch,

used for mammography
1 taken from the same
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(i)

(iii)

(v}

Overall cansistency

Use two slabs of the test phantom %o Sinulace the exposure
of an average breast as described above, Position a
suitaple ionisation chamber above tha Phantom  and
compression device and in a locatian which does not shadew

the exposure monitor but is within the
Make six exposures and record the reading of the
ionisation chamber far each exposure. A loaded casgetre
should remain in place throughout the &Xposures,

radiacion field,

Limiting value: The nmaximum wvariation of the
ionisation chamber readings should

not exceed + 10t of their mean
value.

Sensitive area of AEC detactor

Do not disturb the chamber but remova the phantog and
place a sheet of lead 0.5 mm thick on the table with a
cut-out

such that the AEC detector is not masked by
(allowing a 10 ma margin}.
the exposure
discarded.

lead
Replace the phantom ang repeat
as in (ii) above. The film may then be

Limiting value The chazber reading should be
within 10% of the previocus result
Cansistency with change in phantom thickness

Usa the test phantom with thicknesses of 2, 4 and § c3 ta

simulate breasts of different sizes. For each phantom
thickness, make one exposure and measuras the optical
density at a well-defined position on the resulting fila

: " d 2

for example, at a point on the midline of the image an
ém from the adge of the film). The three axposures should
all be made with the same cassetta QrF using cassettas
which have been previously matched.

Limiting valuas: It is desirable that the maxioum

density variation should not
exceaead + 10% of the mean value.
This  may not bhe achiayahlo,
particularly on equipment
- maputacturad prior to 1933 (see

seaction (a) akova).
Consistency with change in tube voltage

Use two slabs of the test phantom to simulate the exposurs

ities on the

f an average breast and measure the densit
:usultinq tlfas. If the X-ray unit has prasat voltage
stations, make one eXposure at sach voltage stacion. It

there are no preset voltage stationa,
at lsast . four voltagas
clinically.

make exposuras for
which cover the range usaed
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Limiting valya: It is desirable that the maximup
density variation should not exceeq
= 10% of the aean valye.

Consistency with change in tube current

Use two slabs of the Ctest phantom tg simulate the eXposyre
of an average braast and measure the densities gp the

resulting films, Make exposurss ac ®ach available type

currentc.

Limicing value: The maxipum density variaticn
should not exceed % 10% of the mean
value.

Consistency with change in other operating parameters

Use two slabs of che test phantom to simulate the exposure
9f an average breast and measure the densities on the
resulting films, Make aexposures which wil} test the
effect of any other variable parameters on the function aof
the automatic eXposure devicae. Parameters which may be
tested include the eflact of the Position af the AEC
monitor, nagnification, standard oY fine focus and the
presance or absence of an anti-scattar grid,

Liniting valua; It is desirable that the aaxiaun
density variarion should not exceed
X 0% of the mean value.

Calibration of density control

It bay ba usaful tgq calibrate cthis control. The
experimnental conditions described above for measuring
Qverall cocnsistancy can be used. The ionisation chamber
reading should be recordad for Appropriate positions of
the density contrgl and the results exprezsad as »
Percantage of the readings for the central position of the

Guard timer

Befora commencing this Deasursment, it ig important to
rafer to the tuhe rating data to ensure that any exposure
given is within the rating of the tuhe.

Remove thae phantom and position a sheat of lead 0.5 mnm
thick on the top of the breast Support plate so that |t
covers the whole of the patient suppare table including
the monitor detector, Select the standard operating
voltage and tube Current and measurs the time required for
the axposure ta be terminated by the guard timer.

e]l=

The neainal cut oyt tize for the guard eizer AUST  be
ascertained pefore rhe exposure is mnade so that the
exTosure can be terminated @anually should the cut  oqut
fa:l,

Regular tests of the AEC system

The basic functien of the AEC can be tested by exposing
any phantom which apprexinacely simulates an average-sized
breasc. The phanton used for frequent checks of inage
quality may be suitable for this purpose (section §.2. s},
The same cassetze shauld always be used,

Position and expecsa tha phantom with a laaded'cassettg in
place. Measure the optical density at a defined position
on the rasulting film.

Limiting value: It is desirable that tne maximum
density variation should not axceed
* 10% of the mean density, This
assumes that the processor is
functioning consistently.

Equioment required: Areast phantom(s)
) ionisation chamber and electrazeter
Densitometar

Stopwatch or digical expesure tiaer
Lead shaet 0.5 mm thick.
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~HAPTER 4. THE AUTOMATIC PROCESSING UNTT

AND THE SCREEN-FIIM SYSTEY

Introduczion

The diagnostic value of 3 radiograph ig atfected by the
tYPe and condition of the filp, intensifyinq sSCreens
and casset=e and by the Processing or the i after
exposure, The information recarding capability of any
screen-film i i i physical
properties, and eXtra diagnostic information can
usually only be ohtained at the cost 9f increased
Patient dose. oOpce a particular systan and  standard of
Pracessing has been Selected it {g Nacessary g ensure
that this standard is achieved and then maintaineq at  an

dcceptabla level throughout the working life of the
systen.

Qptimum perfornance of automatic Processing units
(APU'S) nust he identified apg maintained ag this is of
great imparcance in determining izage quality A
Brocessor which is nat working Properly will atfect many
filns,

therefaore routine tescing of Processors musc b
impertant par= qof any quality controgl

I . Programme. This
ils of Particular laportance in Bmammography where,
ideally, a single processcr would he dedicated ¢
namnographic work and all Ranmagraphy films would
99 through this Processer, In departaents witn small

workloads ethis Day be lmpracticable, therefore
should be identified and ag tar as possible opt
fanmographic use,

4 processaor
imised for

A System of monitoring ig described which uses

test
films drawn from departaental stock. These films are
len  exposed in a Standard onanner sgq that vartations

in the charted results will test botp the processor and
film Stack/storage. In addition, film shtould be tested for
consistency when new batches are used. Hovaver it would be
for loss of inage quality to be Caused by
defective film, A nore likely cause would be poor storage
conditions leading to an increase in the fog level.

The Automatic Processing Unie

The Performance of an Apy depends on its design, the
Processing chemistry and the film used. In satting oyt a
Procedure to assess the pPerformance it ig necessary to
establisgh, by refsrence to the manufacturer, the
optimum conditions for an individual systam and to
have the Processor sat up accordingly. A review or
the affect on overall performance of changing systam
parametars, e.qg. devaloper temperature, shows that
often 4 compromise must he acceptad. i can be
denonstrated by invcstiqatinq the effact or such changes
on the characteristic curve which is described in section
4.2.1,

=13
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Thae nost valuable test of zhe APU is sensitometry {seczign

4.2.1) which is both a commissioning and routine test.
Séc;‘oés 1.2.2 to 4.2.7 describe further comnissioning
tests which provide baseline values.
Sensitometry
Intraducticn

derived from the film
Three parameters can pe ' \
character:istic curve which provide a Jeasure of
periormance:

speed contrast base + fog level
/ i Sensitometric

T araneters can be measured by using a
sfi?: g which is a filam that has ‘bean exposed upd;r
s;;;dérd canditions, preferably using a stable l;qb:
source £1-] that identical | exposuras can e
achLev;d. A sensitometer coublnag such a_l}ght soffzu
wiEh an optical scep wedge to provide densities on i

fila £9 bae

isti the
whi bEle the cha:accarxst+cs of
5:E:2=1::: (i.e. characteriatic curve, baz: pius wE??
) . In practice er
level, speed and contrast} pra _thera L
i tat! n sensitivizy
ight variations dun. to i 2
sges:lcgn be nininised by using th: g;:o boxI:: Eé;::‘cgi
the sensitomctrx; strips. i
pifgzﬁﬁes are given then variations in the processed
:"i‘"s “ill bae due to changes in the processing.
trip il
v .
5cme manufacturers supply pre-exposed strips. However

strips are preferred in
Whatever system
operate

reshl roduced sensitometr@c
grgar ytop avoid problems of image :ade.. Tatey
is selected it is inportant that it is simple

and reproducible.

contrast and basa + fog density reflect

Changes in speed, significanciy

variations in the processor which could
affect the radiographic image quality.

should contain at least three

A sensitometric strip three parazeters

density steps for aevaluation of the
identifled abova:

an unexposed ragion of dcnsityf B, to ncasurutb:s:b;vgog
a density step D, at an approximate dcnsgty :t 7 thove B
a density step D2 at an approximate density

C, the (film

i monitor speed; D, - D, =
gént::sc?s.dWh:: films are axponca clihlcal;{ tgt.; a:iq:
density it may be useful to measure a density

density of approximately 2.5 above base + fog.
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The values aof a.Dl and C may then bhe plotted an a
control chart (figure"4.l) which ig 4 simple graphical
display of the paraneters as a function of tixe. It
L5 essential tS escablish limiting  values and
acceprable variations in thaese parazeters,

When the parameters aras displayed in this manner it s
aasy T2 daetect trends which may be agted upon bkefore
the values reczsrded hecome imporzant in terus af the
quality of the radiographic inage. Further simple
measurements may then be required to identify the cause ot
these variations and thesa are described in sactions
4.2.2 t9 4.2.7.

It is asscned that in setting up thae processar the
manufacturer will - :ve selected optinux conditions for t-e
individual system. This can be varifiad by following ctne
procedure laid dewn in HPA (1984).

Method

After allowing tine far the correct working temperature
t2 be reached., several films should be passed through
the sYstea to claan the rollers. NexT pass 5
sensizonetric strips through the pracessor. Each strip
should De fed cthrough in the sanme position and
orientation with the emulsion side down sg thac this is
away from the rollers as it goes through tre
processor; this ensuyres that there is hetter
circulation of the chemicals over the enulsion. Thae
lowest density of the sensitometric strip should be at the
leading edge of the film to preavent local depletion of
the chemicals vhich waight occur over high densis:
areas,

This procedure should be performed at least daily for 3
to 5 days aso that a reliable bassline can ba calculated
tor each parametar. For each Strip, measure the three
densities B, 0O, and D. with a measurenent uncartainty of
* 0.01 density units “and calculate the contrast index ¢
= D, - D0,. Maan values are then calculated to provide
the basc}.inc values for the control chart. Lines should
ba drawn on this chart correspending to the upper
and lower acceptable limits about tha basslines.

.

It is important to calculate the standard daeviation of
these readings and to ensure that the magnitude of the
standard deviation is smaller than the maximum variaticns
of the parameters.

Equipment required: Senzitomater

Densitometer
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Linitinq Values:

The variations i base

level, Ba, Spead, D ang contrast, ¢

should Not axcee r 0.0, » 0,1
and * 0.1 respeactively, B The
upper limit far B is 0.20. When
tha value ot ona af thesa
parameters falls Qutside of these
lxmxts: the Cause nuse be
establishaed; refer =]

48 Mooras
further details,

Temperature

I? temperature indicators are ficted

calibrated pcriodically. The ‘ n:::Y Shg:i:icgr
tempcra;ure is in the dnvclapncnt stage of the
Processing: tach degree cCalsius in temperatyre above
normal would typically resule in 0.1 increase in
film density. The temperaturs is measured with an
appropriate thersometer or thermocouplae, A glass marcy
thermometer should noe be used becaysa of the danger :%

<ontamination should

Equipment:

Limiting value:

Transport Spead

The

there
APU's should be capable ot

in fixer and dryer temperatures ars laess crieical,

be a breakage. Most

nodern
maintaining +a,2%.

Variations

Digiral or alcohol/glass
thermometer

Oovulc9or ~ 34e manufacturer's
Specification
Fixer and dryer: + 1%

total transit tipe of 4 film through an A
Deasured using a stop wateh, AR ARG can be
Equipment: Stopwatch

Film (from stock)

Liniting value: % 3% or manufacturer's
. specification
Replenishment rate
Replanishment ratas shaould be neasured as
Specified by the ApU Banufactureyr. The correct rate
will depend on area of film Processed, type of film,

avaragae density of pPro
rates are deterxzined b

Cessad films
Y the manufacturer,

and on workload. Thesae

1T

plus goq

C e

Taera

[—

)
u

Plastic axtension tube
Measuring jug
15 x 35chm film

Iiquipment:

The accuracy will vary with the
age of the punp, but sheoyld be
within = &g,

Linizing value:

Specific gravity and pH

could be valuable in identifying
related to

the
changes in

This measurement .
cause of faulty processing
chemistry c¢r replenishment.

Equipment: Hydrometer
PH papers or probe and neter

Liniting value: Ta manufacturer's specification

Residual hypo

A residual hypo test is a sisple chemical test designed ta
indicate whether all the sodium or ammonium thiosulphate
las been renoved from the processed film. fnadequace
~7ashing of the film would, in time, result in a stained
and faded radicgraph.

Hypo estlizators are available from Banutacturers which
consist cf a coleur chart which is compared #ith
unexposed processed film on which a d;op of hypo test
solutian has been placed baefore pracessing.

Equipment: Ragidual hypo test kit
As given in the instructions with

Limiting value: :
9 individual kits.

It will ba in the form of an
acceptable colour rangs.

Silver recovaery

This measurepent, performed at commissioning, gives an

the potential silver which may be recoverad
Silver astimating papers are availakle
and these are rated from 0 - 10 g/1

in the correct functioning of the
changeas

indication of
from the syscam.
from manufacturers
recoverable. Changes
system may affect the silver recovery rats «.g.
in the replenishment rata.
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Routine Monizoring

This nay he restricted te the use of a sensitometric s

and %2 nacte the daveloper temperature whaen the strip
processed.

r;p
is

The Screen - Film System

Cassette and Screen Identification

Zfach cassette shauld be labelled with wanufacturer, screen
tYpe and date of purchase. The screen should pe numbered
and details of any tests performed recarded.

Screen~Fila Cantact

The sScresn~fila €ontact should be checked before the
cassette is first used and annually thereafter, A
suitable test grid should be used. The device described

in BS 31104 (85I, 1968) and By Ardran et a) (1%69), is
suitable faor tammography. Commercial devices are becoming
available. Lay the grid flae, 4n contact with thae tep

Of the cassetta and &Xpose to produce a filp density or
about 2.

Regions of poor contact will be blurred,

Light-tightness of Cassattas

Each cassetta should be lcaded with film and <then
exposed to X-rays to sensitise the ¢ilnm, An  exposure
resulting in about unit density should be sufficient. This
ensures that any Subsequent light eXposure is on the
linear and thersfcre the most sansitive part of the
charactaeristic curve, The loaded cassetts should then be
held in front of . light sourca, e.q. a light box,
Paying particulap attantion eo &Xposing areas around
identificatian windows, hinges ang clips.

Relatjve Sensitivity of the Scrasn-Cassetta Combination

The Telative sensitivity of the Scresn/cassette
combination can be Ad33essad with the phantom used tor
AEC measurements (see section 3.5.11).

Place the 4cm phantom on the table, with the cassatte in
position. Select 28kV and an mAs to preduce about unit
density on the Processed film. Repeat for each cassatte
using films from the Same batch, Measure the densities on

sach film at a $pacified point wichin the image of the
phantom.

=}

(5

(%)
Ui

(a)

{b)

apfcsh
Limiting valua: = 0.1 over=l! density is desirable
The Characteristic Curve
Introduction

Measurement  of the screen-film characteristic curve wmay
Se required:

(L) when new types of film, screan ar cassettes ara
intracduced

{ii) when a change in the performance of sCreen or filn
is susgected

The characteristic curve can be used to deteraine the
sensitivity, average gamma (contrast) and latituda of the
screen=-filn system:. The lacter two of these parameters
can be determined using a light sensitometar but it is
usual to use cne or poras X-ray exposures. The standard
dethceds are (ICRU, 1986):

(i) Tize scale sensitometrv.

(iil} Inzensity scale sensitozetry using absarers, e.g. a
s5tepwedge.

(1il} Intensity scale sensitametry using distance.

There arae advantages and disadvantaqgs to each ?f
thesa but che mesSt convenient one is method (1i:)

utilising a calibrated step wedgs.

i i -2 mbinations,
{ comparisons of different screen tilm co _
ér ctp the same combination over a period of time are
being made, the same method zust be used.

iti d screens may vary
n eneral condition of cassettes an
Ei:h 3q¢ and may degrade the image. It is inp:rtan:
that any artefacts which occur can be traced back Q -
specific cassette/screen. Thersfore a marking systam R
be adopted (saction 4.3.1).

Method

duca
ollowing method uses a Pearspex step wedge to pro
3n:¢§i:s ot g-nsitics on  ona t;lg. The waedge sgould h::;
at least 10 steps, aeach a minimum of 10 x 1 Itn:hould
increasing in thickness in inc:upcn:s of § mm. ecthould
be calibrated in terms of relative exposure un

step.

-4Q~-
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Place the wedge :

on top of a loaded Cassette on rthe
patient Suppart table and Perpendicular to the

cathode axis, Select 23kv, "of the nearest selection tg
this (the calibratjon should be checked) . Choose exposure
factors that will produce the required range of densitieg
°n the film (from base Plus fog level up to densicy 3,

anode~-

The fila produced Must he

Processed ynder
conditions. A calibrat

X Standard
i ed densitometer should he Used &3
measure density jp ®ach region of tha fila, wizh 4
measurement uncertainty of .91 density units, Frem this,
detarmine valyes of E0 90 El and Ez, 43 shown in figurae
3.2, ’
Q.
=
2 2 - :
S | i
L : :
° T ]
g E
02 1 2

Re'ative exposure
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Calculare:

sensiztivity = =

dvVerage gamaa = 1

1 F -
.og(-2 El)
1 - e -
latjitude £, 50.2
Zguipnent: Perspex step wadge with at lgast 10
steps
X~-ray tube and generatar
Censitozmaetar
Liniting valua: z10% of the mean valua pPreviously

Qeasured if no changes in the
sYstes have been implemanted,

Darkroom and fila storage conditions

The darkroom must Le adequately light-tight o ensure
thac no eéxtraneous light reaches the fila before
exposure, This should be assessed visually by dark-
adapted evyes, The safelighrts must alss be tested <2
ensurae that they are noc Tasponsible for increased fag
level. This can be carried 9ut by a simple coin tes:.

Ixpose an X-ray filam ta Produca a density of abayt unity.
With all safelights of?, pPlace the fila on the darkroom

bench and lay 10 cains on the fila in a row. Cover all
but one coin with a Piace of card, eurnm on the safeligh=s
and expose the firsz coin for five seaconds. Then, ac

five second intarvals, uncover another cain and Capeact
uncil all have bean exposed. Turn off the safaelights
and develop the f£ilm. Visual inspection of the film
will indicate any significant density on the film. rf na
€oin outlines are visible Tepeat the axposurass at loanger
tines. This will enable the maximum safe handling time to
be astablished,

Where darkrooms are used for storage of films it is

important that axcessive humidity and temperature
are avoidaed. Manufacturers' Tecommendations for
film storage should be followed. Generally, storage

tesperatures of 1S to 189 ang humidities of s0 to s0%
are recommended. It is important that film is allowed
to reach darkroom Cenperaturs before usg.

A stock control system should be inmplementad by keeping
an  inventory. Film should be used ipn strict rotation,
oldest first,

-4l
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[lluninatsrs and viewing rscm canditions

Illuminators and viewing room cenditions should be
checked at least annually and a sSimple wvisya) check
carried ogut quarerly. defore any check, the vViewing
boxes should Ze cleaned inside and oyt,

The visual check should pe ferforned Lo detecs
mis-matches of fluorescent tubes in eitner brightness or
colour.

A photometer or light meter is used €3 measure the
brightness of each viewing hox. The luminance should
be at least 5500 lux (13eV at AsSa 100) (HPA 1984y .

Yalues less cthap this or with more than 10% variaticn
4Cross the viewing box indicate that ethe tubes should be
replaced.

The ambient light laevel in the room should alse be

Measured and should not ¢xcaed 856 lux (BeV at AS) 100)
(HPA, 1984).
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CHAPTIR 5 ASSESSMENT OF OVERALL PERFCRMANCE

3reast Dose
introductian

There is a risk af radiation-induced carcinogenesis
associated wizh the X-ray examination of the female
breast, but with modern equipment and technique this rjsx
ls small, whereas =he benafit of the examination js
Iansiderabla (NCRP, 1936). It is important, nevertheless,
0 use appropriate equipment and tachnique so that the
desired image qualicy is achieved at the lowesc possinle
dose and the Weasurenent of the dose to the breast formg
an  important part of the mammographic quality assurance
pFrogramne.

The X-ray spectrum used for hamhography is of low energy
and the daepth dose within the breast decreases rapidly
Jith increasing tissua depth, For example, the exit dase
neasured by Hammerstein and co-workers (1979) for a scx
tlick breast pghanctonm varied between about 1 and 13% of the
surface dosae, depending upon beag quality. It is important
therefore tg scecify breast dose using a quantity which
gives a measure of the dose to the whole organ.

Three such gquantities have been suggested aid-plare
dose, nean breast dose and mean glandular dase
(Hamnerstein et al 1979). The surface dose to the breass
20€% not give a good measure of the dose to the whole
organ because of the large variation of depth dose with
beam quality.

The dosae will also be affected by the size and composition
of the breast with the forner varying both within and
between populations and the latter throughout the lire at
the woman. This diversity of both dese specification and
breast dinensions and composition makes dosa comparisons
very difficult and it is impertant for such purposes that
doses be specified for 4 standard breast and in a standard
way.

Losa specification

The dose specified in this document is the

within the breast (Hammerstein at
al, 1979; NCRP, 1986; ICRP, 1987). The term glandular
tissue includes the acinar and ductal epithelium and
associated stroma and it is the glandular rtissues which
are believed to be the most sensitive to radiation-induced
carcinogenesis. In order to compare doses, it is necessary
to define a standard breast with a standard cowmpaosition.

48

The Standard breast adoptad has a central region
comprising a 50:50 npixture by weight of adipose and
glandular tissue and a superficial region of adigose
fissue, 0.5 ca thick. The campositions of these tissues
are given by Hamnterstein et al, (1979} and are well
Sinmulated by the tissye subsStitute materials BRL2 and AP
formulated by White (1977) and White et al (1977}. The
standard Dbreast is 4.5 em thick. It has a semi-circular
Cress section in the harizontal plane of diameter 1§ em
unich g-ves a cross sectional area of approximacely loc¢
¢a”. The exact area is not critical as the breast dose has
enly a small dependencs on cross~secticnal area {Dance,
1980). The dinensions of the standard breasst are typical
of those of a firmly compressed breast,

The nean glandular dosas for phantons similar to the
standard breast used here has been measured {Hammerstein
et al, 1979, Stanton et al, 1984) and calculated using
Monte Carla techniques (Cance, 1980 and Rosensteain,
Anderson and Warner, 198%) .

in the practical situation, a phantom canstructad
according to the above prescription may not be available
and even if it were, tha teasurement of the glandular dose
tArsughout the phantom would be a tadiocus procedure. The
method suggested here for estimating the mean glandular
dose uses a 4 ca thick Perspex phantom and canversian
factors which have been spacially calculated (Danca, 1983)
T9 relate a readily measurad quantity for cthe Perspex
ghantoa to the =mean glandular dose for the standard
oTeast. The procedure involves the determination af (1)
the exposure time curcent product (mAs) for carrect
exposure of the Perspex phantom angd (ii) the output (air
kerma per mAS) of the unit with thae phantom removed.
These two quantities are then combined to give K, the
incident air kerma (without backscatter) to the phantom,
The mean glandular dosa, D, for the standard breast is
then estimated using the relationship:

D = Kpg equation S.1

where p converts the air kerma for the Perspex phantom to
that for tha sarandard breast and g converts the air karma
for the standard breast to mean glandular dose. The
conversion factors p and g are quality dependent and are
given in table 5.1.
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Tavle 5.1 he conversi "

%
Medsuleagnty with 3 4.cm thick Perspex phaneom

The data are tabulated against half value layer and

Calculated (Dance, _1988) faor a range of spegtra rro:avgoth a
molgbdenum target with 2 10 um Aclybdenum filrer {(HVL values
0.25 - 0.45 mm aluminium) and a tungsten target with either
alum;n;um Or a K-edge filter (HVL valyaes 0.45 - 2,00 nm
alu:::mlum)T The conversion factor at 9.45 mm aluminium Day be
used for either target materjal, The variation of the facrorsg
“1:1 choice of spectrum at a fiyxad HVL is typically + 3% on
each data potne. The factors can be used with or without a
Jrid. The table cancains data for use with the Xerox Ceceptor.

an

HVL P g
(mm Al) (EGY Gy-l)
0.25 l.12 158
Q.30 1.10 181
0.15 l.10 208
0.40 1.09 232
g;s 1.09 258

.50 - 1.09 288"
0.5% 1.07 n
0.60 1.08 Jls
0.65 1.06 183
0.70 1.08 la4
d.8¢ 1.0% 422
Q.99 1.04 473
1.0 1.03 497
1.2 1.03 550
l.4 1.0) 394
1.8 l.02 §32
l.8 l.02 [ 11
2.9 l1.02 696
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Estization af mean glandular dose far the Standard breast

The mean glandular dose is estinmated using a Perspex
phanton as detailed ip s&ction 5.1,2, The shantom
cdescribed in sect:ion 3.5.11 is suitable for this purpose,
Ixcept as otherwise noted, the phantom should be exposed
using the settings hormally used in clinical practice for
4 breast of size and composition similar co the standard
breast. A loaded casserte should be in place.

The method invelves a deternination of both the incident
air kerma for correct exposure of this phantom ang the
half wvalue layer of the X-ray bean. Measurament of the
former  quantity is divided inte tWwo stages : a
determination of the mAs required for the carrsce expasure
of the Perspex phantom and a neasurement of cube Sutput
par mAs. Methods for the measurement of tube output and of
HVYL are described in section 3.3.8 and section 13.5.5
respectivaely, Both of thaesae quanticies should be measured
with the compression plate in places,

The MAs per exposurs is deterained using the Perspex
phantem which is positioned as for a cranio-caudad
€Xposure aof the breast with the compression device in
Place against its tep surfaca.

3utImagic exposyre gant=ol and EQS§t-exmcsy

Togrding  of mAs: eXpose and process a film and
creck that tha resulting opeicatl density is within
the norzal range. Alter the exposure time or density
control if necessary. Record the TAS par exposurs.

(ii) ar LT Wi SInsral but
wji - i i position a
suitable ionisation chamber in front of the phanteon
and the compression device and in a location whnich
does not shadow the radiation Bonitor. Expese and
Process a film and chegk that the resulting optical
density is within the normal range, Make small
alterations to thae density satting ir necessary.
Nots tha air Xerma recorded by the chamber. switch
the exposure contral to manual and select an
@Xposure time close to that obtained undaer autoua:@c

. exposure control. Maks an axposure and note the air
kerma rescorded by the chambar. From the ratio af the
two chamber readings and the maAs used for tha
manual exposurs, calculate the mAs par (automatic)
axposure,

Measure the distance from tha focal spot of the X-ray tube
to the top surface of the breast phantom and calculate the
air kerma incident on this phantom per exposurs using the
tube output (air kerma Per nAs at 1 metrs, from saection
3.5.8), the mAs per éxposure (from above) and the inversae
square law. }
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interpolated £

Carrection

9 At the zeasured half valye layer may be
the values given in tanle 5.1. When

quoting measurad dose it g eéssential to gjive both the
dose specification and the breast Size and composition,

Equipment:

Limiting valye:

Perspex Phantom, 4 cn thick
Ionigation chamber/electrcmeter
Densitometer

Aluminium foilsg grade sr3
Suitable jig

Mean glandylar dose for the
standard breast should not
norzally exceed 3 oGy per eXPosure
With an anti-scatter grid or

1.5 mGy Per axposure without a
grid. {Other values have been
Suggested, €.9. in NCRp (l9as)
and DHSS (l988a)),

Routine monitoring of breast doss

For frequent checks of breast dosae, hovevar, | is

sSufficient eg

Deasure the constancy of the mas per

€Xposure of any phantom vhich Approximately simulaces an

average sized breast.
checks of inage
{section 5.2.5, b

quality may be suitable for this purpose
Ut sae alse saction 3.5.11(x)). Positiaon

and exposae the phantom using Appropriate machine Settings

and with loaded Cassstte in place.

Fer exposurs,

Detarming the mAs

For units withaut Post exposure recording

Of mAs, it g Suggested that , Jlg be constructed tgo

facilitaty the

ionisation chambe
reading of thig p

It is recognisad

Teprodycible Positioning of , suitable
T or other radiation monitor and that the
onitor be recordaed.

that thig Procedure only gives an

indirect indication of brease dose, but , more detajiled

method may not be

Equipment;

Limiting value:

Practicable for a frequent test.

Simple phantom or the equipment
listed in section $.1.3

* 10% is desirable

-49-

us

wm

Image qualizy and test phanccas
Intraduction

< diagnostic radiology the qualizy of the image :is gof Prize
imporzance. The consaquences ¢ pPoor image quality are Cwofold;
Ilrstly the radiolcgise Ray hot have all the diagnost:=
infcrmation that should he available and secondly the Patlient nay
Rave received an unnecessary radiation dose, par:icularly 1f 2
receat fiim is Necessary. Thesa comments are very relevant -5
madsnmegraphy where, because of inhnrently low Subjecsz Contrase, =ra
dasired image quality is closs to the linits of Perfsrmance g¢ e
SYsSem. In recent guidance {DHSS, 19383a) the firstc objective ans
standard for Tammograchy is ‘eg achieve opringn inage qualizye
Therefgre, in the ccrmissioning or reutine testing gorf a
Aannographic L-ray system an dssessment of inage quality :g
essentcial,

Clinical Inage Qualicy

It is important ts define what type of image is requirad and whact
infornation is required from the hamnogram, This may vary #raq
Pat.ent ty patient and fronm radiologist_to radiologise. It nmay
also depend an whether =ne examinatian is for screening or for
diagnasis when specific lecalisation or ‘Otha? manmographic
infornation is Tequested. In the Screening s1;uatlon for exangle,
17age quality aust pravide high sansitivicy for snvasive
adenccarcincmas dnder lea in diametar (Prica, 1984},

all breast examinations are complicated further py =te
degereracive changes in breast composition and strucryre with age
of the patient {Parsons, 1983). The normal breast consists q¢
fibraus, glandular and adipose tissue. A3 the woman _ages and
fallowing 4ny pregnancies and the nenopaus-f the fibraus ang
Flandular sissye is Teplaced by fat. Cysts, fibrous tumours and
dilated ducts are all} benign conditions that Bay occur during
these changes, The optimal image quality required for thc.vxsual-
isation of a large mass in a fatey .braasg may be very different
fram that required to show small calcifications in the noere densa
tibrous breast.

eéneral, lesions of the breast are indicated by masses,
é:lZi:ications and distortions of brcast_archit¢CCurc. A pPositive
diagnosis will depend not only aon their prasance in the raqxo-
Jgraphic image but also eon their number, size, shape and configur-
ation. The tollowing clinical features are important:

1] i ¢ These are composed of calfiun :ydrgx{apa:xt: 5::
tricalcium phosphate ran ing in size from less t an 0.1lmm to 1.
vfth an ogcassanal lagq.r parti;lc. They are most oftgn
irreqularly shaped and present in clusters. Reports on thae
incidence of calcifications in carcinoma of the breast, as fseen
in pre-operativa nammograms using scresan film, range trg:
appreoxizately 10 te 40 par cant, Howaver only a few per cen
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.' dssessnent of gyerall Perfornance, has also peen used ir
1@ zamacgrang exhiditing €arly stumeyrs less than 1 <o in s5i MANROFraphy (Mocres, et al 1379; Sabel er aj, lags), However, acc
Teveal associared calcificaticns (Millis ar al, 1974y, To3ize analysis is izpracticable for Che assesszent of laage qualiey on .
foutine basis.
disges: Sott rtissue lasses my va i i r . .
Millizetres g saveral Centlaet:es? ngy a:g f;ﬁ:gufgﬁfy :na§§§ Alzhough many individugl physical Paramecers {fecting image
and often infilrrare “ith fipe SPicules’ ineo the surrounding FHalicy can be =easuyred in a test Sltuation,the Practical apprcacs
Clssues. Masses have ApProximately the same density a4 fibraous itac  has traditionally been used in mammegraphy is ts use a tes:
Cissue and ara slightly more dense thap adipose tissue, A1 am chantoa simulating the clinical examination,
lnfiltrating duct carcinoma in a 42 gnm thick brease is calculat;d
t2 have a subjeer cantrast of only 1.3y {Johns and Yatfe, 1987
' f.2.+ IRage Quality Test Phantens
S¥in thickening. engorged ductg and diﬁ:g:“gn as Sraige i )
skiuciyres: These are ochar s$lgns that 33y be ressgniseq in gne An inage quality test FRanton is a device that Slaulates the shaze
breass radiograph as indicativae of breast disease, and camposition of the compressaed breast and ig Sensitive %o sma:;
changes in contrast and spatial resolution., T¢ is used to prov:.de
Inage quality igs therefare concerned prinarily with the ability o 4 subjective or semi-quantitative assessment of image qualiey, =
the system &g demonsctrate the Very smal] changes in saft :;ésu; provides a standard #hich can bg Used as a quality €antrol check
Cantrast and to detecs the calcifications that are alsg ot en ¢n the perforaance of a Farticular hazzography system with Cize,
associated wich breast diseags. Howvever By virtue of their sjze 9r L0 assess trhe Perfornance of . one Ramnagraphic systen againss
and contrast these critical featurass are difficule g dececs in angotier.
the presence of the Structured ngoise 43sociated wiep breasc i
3Tchitecture. A good inage is Characterised therefare by the ease Test  phantoms have been in uUSs since the wearly days gt
“ith which the €ritical feature can ne S@en in the presence of nammegraphy.  Zgan (1972) produced phantoms of breast tissue
this noise. emoedded in plastic and included Pleces of material such as steel,
lead, crushed marble and catgue, Other phantzas have been
described by Stantaon and Lightfoot (1968), Tonge and pav:g
Tmage Qualicy ASsessment (1978), DewWerd, wWochas and Canmeron (1979) and Wnite and Tucker
(1980Q).
;maqe quality js the resyle af zany faczors and r 14
lnteractions tetween CAWPONGNTS of the imaging process. Imperzare The ideal inage qualicty phantom shauld be 215y To use. Ic shcu:_
pnysi;al aspects that aflace inagae qualicy include the targes reflect breast anatamy and bhe ah;o to be u§e§ with the
Taterial and focus Size, imaging geoDeLry, X-ray tube Aotential ang automatic exposure control te simulate the clinigal exposure.
filtracion, Scattered radiatjon including ~ ene effect of Test detail should be clinically relevant and be sutficiencly
Compressian and grids, image Feceptor Speed, csntrast ang Sensitive to register snall changes {n Systen perforrmanca.
fesolution and film pProcessing. Quantitative Zeasurement of image qualicy Paranmaters
should be possible and the test object shou;d facxlxta;n objective
Qntortuna:gly thears are no agread standards for accepranle rather than subjective analysia so that lunage qualk§y Bay bae
iBage quality nor any agread protocals far Predicting ¢linica, compared, irrespective of observer parforzance or exparience.
Ferfornancs hased an the measursment of physical indices. It is : i
anticipated that Sxpearience will allow $tandards on image quality [mage quality phantoms cap be divided according to the intended
Lo be set as thg Bazmography icreening sarvice builds in ene application:
Unitedq Xingdon, The measursment of low contrase
sensitivity and snall detajt visibilicy i lmpertant as 3 neasura ;
9f the asystem's ability o image smal} nasses and calcifications {1} A phantom for traquent (ae.q. daily to weekly) quality control
and the DHSS Guidalines {1988a) give 3uggeated limiting valyes tor checks. It should allew a rapid subjective check on low contrase
these two Parametars. sensitivity and  small detail visibility. It  should be
. Sufficiently sensitive to decect the clinically significant
In  addition g the measurement of Physical indices discussed in changes in these parametars vith tine.
Chaptar 1,0thar quantities Ray be used am g measure of perforaancs
and image quality. ror eXample, line spread function (LSF) and 'i4) A more sophisticated phantom for commissioning and less frequant
nodulation transter function (MTF) can give a usery} neasure of ) (e.q. 3-monthly to 6-monthly) checka. It may be suitable
SYSten parformance {ICRU, 198s), MTF has been applied in alse far comparing different mamsographic X-ray units or system
nammography (Bencomo et al,  1982) bue [r jq4 limited as a peasure components. This phantem should contain more detail and allow
of overall Performance and is unlikely to he Applied in a routing antitative and, jif pPossible, objective Deasurements,
quality assurance Programme. Receiver Sperating characteristic ™
{RQQC) Analysig, which includes obsarvar Performance in ene
-52-
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:n:ortu;ately, Aany of the Phantons thae
conzercially do pot relate well pq the

Teadily inty ape OF The other of the a
difficulty wirny nany ¢f the garljer phan
Tange apd sensitivity ohep Compared

medern BAMZOGraiphic systam. Inage qualj
S22 be davelored {Gambaccini ge al
An Anthropomorphic Phantom #4p Mammography hag
recently (varse et al, 19s¢) and an |
Ehantom may re suitable fgor Lhe daily che

In c:pjunction “ith thae evolution gr g qualicy
Ls 1s expecred that one o mores Particular Phantons :ili
eéventually beczme esiablished as 3tandards, Figquras 5.1 ta s 4
show tha detaily gf the Principal commarcial Phantoms which are
described kEalew jn alphabetical order. (The figures have neen
re-drawn frenp ranufacturars' or ‘other literature: Ho
:espcnsibility €an be taken for any errors),

(a} Agrfa

The Agra Mazoray phantog consists of a Pair of lucite Plates
between which are  sandwiched four types of detail
Superinposed on the lucite Phantom ig ap aluminjun Jraduatead
Stepwedge. The Fhareon is 109 Ih squarae and APProxidately 1p=a
thick. It dees Nt simulate the size ang thickness o= the
breast. lthough the Ten-scap aluminiua wedge allows ,
characterisy:e Curve to bhe Plotted je causes a large variatioan
in contrage 4Cross the Fhantanm image, The Sandwiched dera:.g
consist of four lines to leasure low cantrasc

53 g sansitivizy,
aqutlona; . dreas containing glasy beads and
n;crocalc:!;ca:zons to measure high contrast resolution,

together wish Frids of different mesh sizes,

The Agra Mazoray phantanm Bay provide a relative check an the
Ferformance of 4 mammographijc aystem but it gives ne
quantitative BeAsure of detaj] Percepcibility, Care mus:
be taken to ensure that the thickesz pars of the
aluminiym Stepwadge does not cbhscure the sensitive
area of the dutomatic &Xposura caontrol.

{b) C1IRrs (USA)

This jis , racent :isauc-oquivaltnt Bhanteom manufactured by
Computerised Imaging Referance Systems to a design and
hethodolagy developad by Fatourcs ¢t al (198%). The phantaam
is rcalistically-shapod SvVean to the extant of having

Sompresaicn  marks and the sxistance of nipple. It is
3upported on a3 base Platas acting as the chest wall. Various
tissue compositions ars available and the phantom
includes fibres and Specks of Specified sjze. A pair of
circular ohjects simulate breast Cumours, Thara appears
to be litsle experience in the use of the phantaon {McCrohan,
l98a),
5]

[~

2y cer

This czest phantom is nparkaved by CGR as anp accassory =
their axamneqraphic X-ray machines and is intended ag part o
their bhreast screening packaga. It is a D-shaped Jucisg
phantom 45 am  thick and includes 0.1 - 0.1 am simulated
&alcif;ca:isns AT Cwo levels, tuo resolution test Patterns, a
Contrast stepwedge with § steps, additional contrast steps and
4 contrast-detajl sectioen with contrastg of 0.6 - 3,4% ar :n
kY.

LIS ]

I has a sophisticaced design with pctentially useful
features, but a Preliminary assessment (Ramscdale and Hiles,
1987) suggests that the phantem again suffers from a
lack or sensitivizy w3 beth low Contrast changes and
small derail visibility. The phantcom js being used as pars
of a quality control programme for brease SCreening in
Sweden (Leitz,1988) and ig also to be‘used by the U.s.
Emergency Care Research Instityte (ECRI) in an evaluation
of dedicated ramnographic systems.

(d) Xodax

The Xedak ITO phantom has Feen available for some years and
contains 7 sets of tess dezail embedded in a2 polyester resin
disc, 1:0m3 diameter and i5mm thick, Aluminium and V:?yl
chloride Stepvedges are provided and ny;on beads represent 1cw
<antras:t masses, Calcifications are Sloulated by.qround anf
powdered chalk, Although providing a relatively wide range of
different tests, the relevance of some aof the details is
cansidered inappropriate and the phantom has been reported'as
inferior to others {McCrohan et al, 1983) ., The phantom was
used as a standard in the 'BENT' Programme (BRH, 1978).

{e} Leeds TOR [MAX]

bject for mammography has rac-n:;y bean devaloped by
?Axgzs:t E.ld. who have considerable experience in the des%g:
and manufacture aof tast objacts for djagnestic radlalogyé he
test object comprises a thin breast-shaped Pcrsp¢¥ pla .atos
which additional scattaer plates can be added and incorpar

i ine-pair test
different types of tase deatail. Two 1 .
g;;:cts Placed th right angles are used to neasurs hxqg
contrast resolution. Simulated calcifications of differen

i t are provided to
“Slze and at different lavels of contras
:ssess snall detail visibiliey, An additional ba:l pa;&:g:
together with three different sizes of circular data pr
A measure of lov contrast resolution and low cgnt;as:
sensitiviecy., a stepwedge provides thae opportunity to obtain
characteristic curvae,

A second, slightly less sophisticated version of the object

withoue the line-pair patterns and named the TOR[MAS] is alsoc
available.
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'3)

{h)

-Bammography accreditation Programme.

Nuclear Associates/Victaraaen
The Model 76-001-4 Hannographic Phantom comprises
diameter, 3.7ca thick acrvylic block %hich surrounds 4 Yax d.gc
containing sizularved calcifications jpn the range frop o, .
0.273a diazeter and nylon fibres simulating ‘sart :iS;u

d;sta::Logs. The phantom alse C€ontainsg a five-sren air ” .
to gauge ilage cgntrase. There is limjited experience in the
use of this phantan in the United Kingdonm. '

RMI

The c;iqinal ~ RMI Randcm Phantom has been usedg
extensively ~in the USaA, Ic caonsiscs 9f a 100 cm
square lucite hase blaock apd a4 cavity filled witn 15

colour-coded wax Slocks each containing test derail sSinulating
CUDOUr masses, fibrous structures and calcifications,
blocks which include cne blank can be distribuced randomly and
this is a feature which 15 not available on aothar phantoms.
;n 4  survey Fhantonms (McCrohan et al, 1983y,
it was found that the AMT phantoam had, dmang the four phantoms
caonsidaered, <the Strangest correlation with Clinical image
qualircy. The report concluded that fibre and Speck scores
Gave a good indicat:en of rilp quality although the visibilivy
of simulated masses was lass satisfactory. In a comparaciwe
study of filas and sCreens for Fanmography, the RMI phanton has
teen reported (Kirkpatrick and Law, 1987) as giving sizilzr
TesSults to the "Sarrse Fhantom {see (h) below),

A slightly medified version of the original Random Phancom hag
Leen introduced as the Mcdel 1520 Mammographic Detail Phantac,
The random feature has been removed and a large single wax
Slock cantains the {ibres, specks apd nassas,

ranging in diamater from 0.4 - l.6mm, 0.2 ~ 0.74mm and 0,325 -
2.0mm Fespectively. Thera is some Suggestion that although the
detail size now has elenents small enough to challenge the
best systesms,and others sufficiently large to be inaged by the
worst systams, there is an unfortunate decreass in sensitiviey
:g:g? ilnpairs the phantom's discrininatinq ability (McCrohan,

Another veraien of the Model 1520, assigned as Model 156, has

bean adoptad by the Amarican College of Radiolegy in its new

¥ C This phantom has
identical detail byt jis slightly thinner.

White and Tucker ("Bartan)

This phantom was described by White ana Tucker (1980) and is

commonly called the "Bart's® phantom, The phantom is no=
currently available. It has beaen previously used as a
“55-~
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standard 11 a survey qof Ramnography practice in 3piza..
(Fitzgerald et al, 1381} and in nmnare recent studies or
lamacgrachy films and screens (Kirxpatrick and Law, 1937).
Low contrast structures cimprising cylinders, cubes anc
Zilaments varying in dinersions franm approximately oO.4mm =z:
10nm are distributed in a 45mm thickness s50% fat/s0y warcar
substizute represencing average breasc. A stepwedge apnd
simulated zaleifications complete the phantom which nas a
tscal of T3 test daetails.

Although ke phantom has teen used #ith some success, Tasulss
indicate =that it may be insufficiently sensitive €or mcdern
Jamnmographic systems. Objective comparisons from measurerents

macde using different examples of the phantom alsc apgear
difficult because of scne inter-phantom differences in
manufaciure and different nethods of scoring.

Test Phantom Usa

Although the =ethod aof using a test phantca is essentially

straightfarvard cthe

Lype of phantom and its application aay

Nave scme implications en the zethed adopted.

(a)

The

Comaissioning

preferably one suizable

quality phanton,
table in the

breast support

Place the inage
icr comalissicening, on the

position normally employed for the craniocaudad view. I the
phantom represents the at-enuatian provided by an average
treast, usa Cthe automatic expasurs cantral. { the phantza
dces not sizulate an average breast or if autgomatic exsosyrs

control is not available, establish a suicahlc_cxposurc £
obtain an overall film density of 1.0-1.2. It is important t»
Assess the image quality for the exposurs conditions thac are
likely to be usad clinically,

tollowing ara relevant:

Tube voltage
Filtration

Focus-tilz distance
Magnification

AEC density control

AEC sensitivity ‘
Compression plata and peosition

Grid
Cassette and screen

Fil=

Praocessing

Expuse tha hantom and process in tha norzal manner.
R:geac to cgeck for consistency of image quality betwean
films, If necessary, produce a serias of films at different

i blish optizum
exposura settings and compare them 30 as to esta
or clinically acceptable image quality; Chesa are nat

necessarily the sane. 56



(D)

#here, wgsgibla compare the
obtained elsewhere on simil
STANDARDISED the exposure Conditions, obtain a Seériag of

Phantom filag so 4S Lo establish base-line Performance, Use 3
Foutine phancom jif ne is avajlable.

quantitatjve

data wjen
Ar mammoqraphic

thae
SYstems,

Hdvinq

Routine Testing

Use the commissioning Or routine phantom as 4vailabla,
the phantaom as above using STANDARD
Compare the filn and any quantitatjive

Previous fjlmg and data, Any detarioracion
will necessitate further investigatlon (see s

Exposge
Sonditiong,
information with
in irage quality
&ction 1.5,
fquipment: Inage quality tese Phantom(s}
Densitometar

Limiting value: Nona at Present

-57a

/=

H

p——

#
(=]
=
oo
B

ni{1o |

-
[}

-

aQ
Y
Y

= b &
..o..Lt- -

-

L

[]
]

Rlwlieinion fvyle o
1
-

t

' AGFA MAMORAY I

a1 8 ¢ o0 aj

sansitomerry capacity of the

cetecuan system

UMMM Gracuaied SIETWECEs ez
-iexgiass ———

sansitometry

£ouIt materars -
PIExiglass
Frayrs f Maia zezails 3f the Agfa Mamoray TATMOGrAONIC arantsm

's 0.z4mm

se®
poR * “o12mm 021mm
o @ 0.40mm liores | o oare
abctareoys
claficaton group
. central Al Exge
0_3.._.,,,,.\-'./ ang fibrs (1.04mm)
libreg o) 020 04 028 032 o040 :.3.
* 0
Tl N el te el oen
L | ]
B.tum'n?'/ sral mass cenral caificanon row {mm)

Figure 5.2 Main cerails of tre CIRS (USA) mammographic phantcm



cxnirgl Siecwecge

‘esdigtien

fesanten
sratng

QOO OO O

Figure 3.3 Main cetails of he CGR mammegrapric ghantem

Qetan

sepwaoges

cenirast

Figure 3.4 Main details of the Kadak [TQ Mammagraghic phantom
59—

- e s vy L -

¥ M

i

afs

5%

siacaesge 3
4 zamces o S
) 138

235w

ressiuten

@O

law cantrase cetan VA

5 @

000

LR B ]
LI

10 pawil Skepeedoe

Tiiure 3.3 Main details of wne Leeas IR “MAX)

TATNCGrIAPAIC Znantam

Figure 5.5 Main details of zre Nuclear Associates/Victareen

Mogel 76-001-1 mammoqrapnic phanzaom

=-§0=

bt



020 15 g5

Figure 5.

7 Matn cerails of the AMI Model 1521 mammagraphic detail srapcem

IS

LT S

ANAREN

Figure

sican cubes & Mameres
M

-

3.8 Main getailg of the White and Tucker {"9arts")
mammographic phantom

-1~

T -

T b A A ————

—

REFTRINCES

Ariran G.M. and Crooks, H.f. 1963 R
Checking diagnest:ic X-ray beam qualirty, 8ritish . Radjol, il

l33-138

ATiran G.M., Crooks H.E and James Vv, 19g3.

Tesiing X-ray cassettes tor film-intensi!yinq Screen coantace,
Radizgraphv 35, L43-145.

32rnes, G.T., 1933 Privace comnunicatian

Jercsma J.A, Haus, A.G, Paulus, 0,D, Hill, c.E , Logan, W.W ang
Jannston, D.A., l9az,

Metnod ta study =he effecs of controlled changes of breast imaga
tctal system modulatien transfer function {MTF) on diagnostic
dcTdracy. Application of Opetical Instruzentation in Medical x,
Proceedings of the S5ociety of Photo-sptical Instrunenszacion
Ingineers 347 34

S8rizish Inszizuse of Radiolaqy, 1983,
ASsyrance of Qualizy in the X-ray Departaent (In press)

Srizish Standardgs Institution 1963,
35 4]04 Specificatian for X-ray film cassattes (BST, London) (%o
langer available}

Sritish Standards institution 1979a

l0ssary of terss used in quality assurance {including reliabilisy
and Taintainapilicy terms) as 477a {BSi, London)

8ritish Standards Institution 1979p
3r.tish Standard Medical electrical equipnent Pare 1,
Scecifizac:on far general safety requirements BS 5724 Part 1 (3sI,

3ricish Standards Institution 1380
Method of zeasuring and defining the characteristics of
anti-scatter grids used in X-ray equipment BS 5913 (BSI, London)

3ritish Standards Institution 1981
Specification for essential data to hae supplied with X-ray tubes
and X-ray tube assemblies for medical use. BS 059 (BSI, Londan)

British Standards Institution 1984

British Standard Methods tor determining the characteristics of
focal spots in diagnostic X-ray tube assemblies for medical uss.
35 6530 (BSI, London)

British Standards Institution 198s
Datermination of the maximum symmetrical radiation field from a
rotating anode X-ray tube for medjcal diagnosis. BS 6628 (Bsr,
London).

-82=



British Standaris Institution 1987
British Standard Quality Vocabulary Part 1. Internacional terns 33
4773: pars- } (381, London).

Sureay of Radiological Healty 1378

3ENT. Breast Exposure : Nationwidg Trends. nammagraphy quality
adssurance programme (Centre for Devices and Radiological Healtn,
Rackville, Maryland 20857, usa).

Jurgess, A.E., 13977.
Interpretation of star test Pattern izages. Med. Phys.4, 1.3,

Campion, p.J. Burns, r.E. and Williams, a., 1985,
A czde of practice for che detajled Statament of accuracy )
{Nacional Physica] Laboratary, Teddington, Middlesex, THLL oLwy.

?roceedings of a Warkshop : Technical ang Physical Parameters far
Quality Assurance in Medical Diagnostic Radioloqy ! tolerances
limi:lnq values and arpropriate neasuring methods, Brussels 23-25
february. (To pe Published as a Supplement eo The Bricish Journal
of Radiolcqy).

lammegraphy, Phys. Mad. 3jq] 25, 25-37,
Jdance, D,R., 138s In preparacion

Cepartment of Health and secjal Security 19sg,
AcCCeptance Inspections of Radiological Apparatus. The Proceedings
of a seminar, Repart stn 6A/85/1S. (DHSS, 14 Russell Square,
London wela 5EP) .,

Cepartnent of Health angd Social Security 19gs,,
Breast Cancar Screening, A Teport of a Working Group chaired by
Prafessor §ip Patrick Forrest (HMSQ, Londen) .

Lepartzent of Health and socia] Security 19g4p,

Technical requirenents for the supply and inscallation of

apparatus for diagnostic imaging and radiotherapy (138s) .

Diagnostic Imaging Group (sTBs), Document Trsss {DHSS, 14 Russell
SEP) .

Departnent of Health and Social s-eurity, 1987

Guidance Notes for Health Authorities on Mammagraphic aquipnent
requirements for breast cancer screening. Supplies Technology
Oivision Repore STD/83/34 (DHSS, 14 Russel}l Square, London Weis
SEP).

Department of Health and Sacial Security 19gga,
Cuidelines an the e3tablishment or a quality assurance SYsten for
the radiclogical aspects of DARBOgraphy used fap breastc screening.
Report of a Sub-Commitcaee af the Radiological Advisory Committee
3f the Chier Medical officer, DHSS. (To bae published).

-631-

€1

Cecartaenc of Health and Social Security 19agp,
Praceedings of a 1eecing on Aczeptance Testing of Diagnostic X-zay
Iguisment, Harrogate 14-15 January {In Preparacicn),

Cershaw D.D, Masterson M.E, Malik § and C;uz N.M l9as,
Mamlegraphy using an ultrahigh-seri -density, Stationazy, facusad
grid. Rad:slogy 156 541-544.

DeWerd L.A, Weechaos J.r7 and Cameron J.R 1973.
Wiscenasin fl@damegriphic phantoms, Page 101 in Reduced Dose
Manlograghy, Logan w.W and Muntz E.p Eds (Massan Publishing, xew
fork).

Dol, X., Leo, L-N. and Chan, H-p., 19az
X-ray tube focal Spot sizes Comprehensive studjes of their
Tmeasirement and effect of measured size in angiography.
Radicgraphy, 144, 3a3-393,

Sgan R.L, 1972 )
Mammography, 2nd Editian (Charles ¢, Thomas, Publisher,

Springfield, Illinois).

Eversan, J.0., and Gray, J.E. 1987 ] )
Fecal-spot Measurenents ; comparisop 9f slit, pinhole and star
resolution pattarn techniques, Radiology, 165, 261-264,

Fataurss PP, Skubic §,% and Goodman H. 19§s

The development and use af a realistically shaped )
tissue-egquivalent phantom for assessing the mammographic process.
Aadiolegy 157 1332,

Fitzgerald, M., %hitae, D.R., Whitae, F.E. and Youan J. 1981._
Mammographic practice and dosimetry in Britaip. Brit. J. Radiol.
33, 212-229.

Gambaczini M, Rimondi Q, Marziani M and Toti A, 1384, .

A phantom for quality control in mammography. In: Proceed;nqs =14
4 CEC Workshop: Tachnical and Physical Parameters for ngl;ty
Assurance in Medical Diagnoatic Radjiology: tolarances, limieing
values and 2ppropriate measuring methods. _Brussals 21-25 February
{(To be published as a Supplenent of the British Journal of

Radiology),

Hammerstein, G.R., Miller, D.w., White, D.R., Masterson, M.E.,
Woodard, H.Q., and Laughlin, J.s5., 1979. s—4s1
Absorbed radiation dese in Banmography. Radiology 110, 48 .

Health and satety Commission 1985, .
Approved Code of Practice. The Protection og persons aqaxnscd
ionising radiation arising from any work activity. (HMSO, Lon on).

Hendra, I.R.F. 1988, ) )
A syscéma:ic aﬁprcach to quality assurance in madical dxgqnoscxg
imaging. In: Quality Assurancae in Medlcal Imaging. Institute o
Physics Shore Meetings Series No. 2. (IOP, London).

-4



Her Majesty' g Stationer
The Ignising Radjaciong
1933 No 1333, (HMS0, Landan)

Tewins, J.M. 1382,

A sel:-con:ainnd Dathed o
frotective barriers ;p di
Radigl, Prat. 2, 22-26.

Hospital Physiciseg: Associat
The Physics of Radiodiagn
2 Low Ousegatae, York, voy

Hespital Physicigeg: Ass

Her Majesty'g Stationery Otfica 1974,
dealsh ang Safety at Work, aere, Act 1974,
nj.

Y Cltice 198s,
Requlatjans l9ss,

ociation 19

fmance Char
Part 1;

1980; pare Ir: X-ray image intensir

Pare rr7. Computed ::moqraphy X=

Ln:ensifyinq SCreens, filns,
SInTtrol SYstanms 1984; pare v:
1985; pape YI: X~ray inage itensifiar ¢
(HPA, 2 Low Qusaqata, York yol

Incernational Electrotcchni
Qualijity assurance fp diagne

aspecrs (Crare Tepore},

‘chns, P.C., and Yafte, M.

{-ray charactcrxsation of norzmal

‘hys. Med. Biel. 32

:immc-Smith, c., Bassete,

‘9cal spoe size Deasurements With pinng
ammoqraphy uUnitsg. Med .

J. 1987,
L.¥W. ang
Phys. ls,

Chaptay 39 (#Ms0,

Statutory Inser

ing the lead equivalence of

hents, 7, Sec,

ion 1977,
asig Scientifjc Repore Series No & (HpPa,
1Quy.

Actaristjcg of Diagnoscic >
X-ray tubes

YStens 1gg1.
Ty scanners
Processorg

Conventjion

uorcqraphy Systens lsas,

eu).

Hcasuremqnt

Annals of the

cal Commisgiay 1938,
stic X-ray departmenty Part 3.

and Neoplastic breasr tissuaeg,

Kir ick, A.T. apd Law, . 19g7. -
: cgg;::agive study of filag and Screens for lammography. Britisn
J. Radiol, 60, 73-78.

Fr y R Galskey, D.E. and Barnes, G.T., lgas. )
aci:ngtz moéif:ca:ion that iaproves nammoqgapn;c phetotimer
rerformance, Paper presanted At thae 72qd Scientific Assembly af
the Radiclogical Society of North America,

e

Seraching S8 h lity is Yequired and hay is
Screening with Manmography - what qua_ ! r .

?: checkgd. In: Proceedings of 5 Czc¢ dcrkspop H tuchnz;al and
5hysical Paramecers faor Quality Assurance in Medical D:aqnos:z;
Q;dioloqy ! tolerances, limitinq values and dppropriace measuring
;e'hods. Brussels 23-25% February (To be published ag a Supplemenc

of the British Journal orf Radiology).
McCrohan, J.L. 1%38. Private cInmunicacian

Mclroshan, 1.1, Thompson, .E, Butler, Fr,p, Goldstrean H.A,
Phillips P.R, and Jans R.c. ;98]. ) ) ' _
“arncgsapnic Fhantsn evaluation pro;ec:._HHs Publication rp¢1
;3:%213 (Centre f3r Devices and Radiological Health, Rockville,
Marvland 20857, usa).

iili -R., Davis, R. and Stacey, A.;._197§. ) N
f;; d:éestion and significance of calcx;;cat:ons in the breas;: E |
;;dialoqical and patholegical study. Brie, 7, Radiol. 49, 12.33.

Mocres, 3.y, Huften, A.P, W“rigley, c, Asbury, D.L, and Ramsden
;.;éa;:i:;tive evaluation of filp anq filn/screen combinations far
TdTnographic exazination. Brie J Radiol 352 626-§31,

V. i . d Pearcy, B.J. 1987,
b Tes, 3.M, Watkinson, 5.A., H.nshaw, E.T. an ;
;S:c:fcal Guide to Quality Assurance in Medical Tanaging (John
Wiley, Chichestcr).

iss] i d Measurements 1339,
i i1ssion on Radiatian Protgccign an
g::;g;::pﬁ;?" Report No §5. (NcRp Publications, 7910 Woodmone
Avenue, Bethesda, Mp 20814, Usaj.

5:
National Commission on Radiation Protection and Measurement

ézzgéqraphy - 4 user's guide. Report 8% (Ncrp Publications, 7910

“oodmont Avenuae, Bethasda, MD 20814, UsA),

i against Ienising
idance Notas faor the Protection of Persons '
g:éf:tfons arising from Medical and Dantal Use. (HMSC, London)

ns, C.A. (ed) 19s33.
S?:;:o:is of Breast Diseasae (Chapman and Hall, Landen) .

-§6=




?rice, J, 1983, frivate CoMaunication,
Ramsdale, M.L, Hiles, P.A, Horzton, p.4 and Price, J, l9aaz.
in Preazaracian,
Ra:sdale, M.L. and Hiles, P.A. 1987,
m (W o
Rosens:gin, Andersan and Warner l9gs, Handbagx of 9landulap tissue
dcsgs in mammqgraphy. HHYS Publicaticn Fpa 85-3239 (Centre far
Levices and RAleloqlCal Healzy, Rcckville, Marylang 20857, USa).

Privara cammunication

Sabel, M, willgercth, F. Aichinqar, H. and Diarkan, J.
X-ray spectra and image Qualicy in mamuoqraphy.
153~-165,

l3as,
Elec:romedica 54

Spiegler, p and Breckinridqe, w.c., 1972
Inaging of facal 3pOts by means Of the star Cast Pattaern,
Radxolcqy, 102, 679-s34.

Stanton I, and Lightzoor, D.A., 1986,
obcaininq proper canerase in Ranzagraphy, Radioloqy 87 111-115,
Stancon L, Villafana. T.. Day, <.L. and Lighttooe D.A, 1984
Dosage evaluation ip hammography, Radiology, 150, $77-5a34

Tange K.A ang Davis R 1973,
A phantonm designad to Sompare the quality of various RaAmmograghis
i Brit J Radjo] S5t 731-733.

dachsmann, F. and Orexler, g, 1975,
Graphs and Tables rar Usa in Radioloqy. Springor-V.rlaq, Bertin,

White, Dp.R. 1377,
The foraulacion of tissuye Substiture Taterials using basic
interaceion dace. Phya. Mad. Bisl. 22, 889-a99,

Whita, D.R, Martin, R.7. and Darlisan, R., 1977,
Epoxy resin .based tissue Substitytes, brit, 7. Radiol. 50,
3l4-821,

~shite, p.R. and Tuckar, A.K. l9sg,
A test object for assessing image quality ip Bamnography, Bri=, 7,
Radiol. 53, 331-335s,

World Healepn Organisatjon 1982,
Qualicy Assurance ip Diagnostic Radiology (WHO, Genava),

Wrighe, .7, Nichini, F.M. ana stau!rer, H.M. 1971,
Serylliup window tupes for Danmographic sxaminations (letter)
Srie. 7, Radjel. 44, 480.

Yafta, M.J., Jonns, P.C., Nishikawa, R.M., Mawdsley, G.g. and
Caldwel], C.B., 19ag,

Antn:opouorphic Fadiologic Phantoms, Radiology 154 330~552,

67w

This Appendix
arstacol,

aitered in the light ot exXperience,
Je:1ng pars aof the cammlssioning process:

AFPENDIX I - TIST FREQUENCIES

lists ail the IReSTs in nhe order qiven_ in  zRe
Caigether with the Suggestad frequencies at whicn they
The lisc T4y not ba exhaustive, hyr will

Ai3nT  be undertaken. '
ce;:ainly e exhausting and readars may need ta e s#lactive!
Freguencies shayld be regarded ag tentative and may need g be

All the tests are regarded as

a r:equancy is not shewn
LY the the test does NOL need to be repeated, Some 2f the safety

requently for equipment fitred
tests may need %o pe repeated more f equen
in mobilg trajilers (see section 1.4). Rapairs and Malntenance may

Nécess.late additional tests,

0 = Daily, wa Weekly, M = Monthly, A = Annually)

(Xey:
L te w IM o sM A
3.2 Electrical safety X
3.1.2 Mechanical safaty e
) (i) table novenant __~__~-_-__~_-_f--
) —(:i) i f ----------
) (Li1) auto-release averride _--_-__---f~ _____ L
{iv) i S *-_~___f ----------
(v) maxizmum compression force ‘---___--_f- _____ L
................ e e e ———— y
(vi) sharp edges . e X
e ————— ettt T ——— x
(vii) field lighte .
(viii} screen ¢dges markaed
3.3.3 Mechanlical functioning e
(i) equipment Complete e
.................... e m s mam—a— . ———— .
(iil) frea movemnents e e X
...................... et —————— .
{iv) brakes e ——————— —

(v) scalae Barkings

whE -



Ip—
X
0 ts w IM to sy *
A . D to W IM to &M A
(vi) field sizes
........ -------------”----~---~---~---------_-____*__-______,_____ 3.4.3 Tube Laakage
(vii) vertical movement e e e L e Smmm——— e bl L T T
............ ------_-----_---------_-____,__~___,___‘______________ 1.4.4 Lead equiv. measurenment
{viii) foot switches O TTTTTTTITESmesse--. L 3.d4hd 0 Lead equiv mmmemm————— Smmm———— B b D L L LT
e nmceacreanaa A et vemm e man m———— e 3.4.5 Table transmission
(ix) attachments x 1 @ mmmmmmmesemccccccccccsnacaeeaa STmm—— I D L L S,
................ e e 3.4.5 Separation af film/table
(x) AEC dettc*or < edge
(x1i) ca:set:e movemenc o TTTTTEmmeo-e- ;" 3.4.7 Alignment of X-ray field
............................ Bttt e T L T T A Lo film/cassette X
(xii} lighe xnt.nsity X it ettt DT Swmm————— e e S ————— wwm————
T e TGO A e A 3.4.8 Alignment of light/X-ray X
(xiii} compressian plat. X field
{(xiv) breast thickness scale " T ;--
3.3.1 X-ray field uniformity X
1.4.2 Radiation safet; inspection 3.5.4 5ize of focal spot
(i) nains Lsolatar pasition T TTTTTTTTEes slit canera
{ii) elear concrol mark;nqs ------ star resolution qr X
(iii) mains-on light ;-- 1.5.5 Tube kilovoitage
(1v) X-rays-on light X brief check X
(v) total tllt-atxon full check X
{vi) added rilter Lntlrlock X 3.5.6 HVL/filtration X
(vii) dlaphraqn interleck X 3.5.7 Exposurs tima X
(viii) exposure tarmination X 1.5.8 Qutput
(lx) exposure control position X consistancy X
(x) exposure control design versus kv X
(xz) exposure control function X versus tube current/ X
o e - - - e —————— .- . focus _—
(xii) ontranco Uarning light b SN e ————— m—— -
..................... ——— - ——— 3.5.9 Magnification
(xiix) + (xiv) lcad .quiv. narkinqs ----------------------------- ———— ———————— messss———— mEmmymmm——
STSemmee———— e ——— - el e 3.5.10 Grid factor
(XV) protnctlve sctnon qgap L L e sresscsmcsccaaa et TTEmEmEEEsTEomT
e —_——_——————— - e e e e~ —————— - ————— Grld film X
{xvi) visxbxlity
55
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- - - ;enSLEive aréa’of agc - . TTTTTeme-s X
detacsaop
"""""" ;;;;QSQ'QQISESQQQ'“""""""""""""'""Q""""'“
""" ”"'QJQQ“J;IEQQQ'""""""'""""""""""";""“""
T tube currame T T T x
T other paramerers T T x
T Calibration of denaiey T e e x
contral
T quard timer T X
"""""""" EJ;JIQE'QQQE'""”""“"""""E""""”""""""'
.2 Automatic Processing unit
21 sensivmenny T T x T
$2.2 AR camparagara T E
203 Cranapers spasa T e x T
JTEfZ"';I;I:;I;;;I;E*EQEZ"""""'""""i""""""""'“""
2TETQ"';;;;IEZ;';;JJZE;};;'""""""" """ As requizea

residual hype X

-q—--------q—-‘-Q—---—‘----h-—-----------—----------------—-ﬁ——---

silvar recovery X

4.3 Screen-filp sYstan

—--ﬁ-—-------------------—--------ﬂ-----h--ﬁ--ﬂ-------q-—-t--q--b-

4.3.1 . Cassette § creen

identitication

screen-fila contact X

,—-n---—hq—-----q---q---

liqht-tiqhtncas

a---—--—u----——------—u-—--—-——-—--—-o-—q—

of cassetre X

_---—‘--—-*---—q-—--------—---—q---—-------------,----------------

4.3.4  ralative Screan sensitivity X

q-—-----g-q-—u-q---

1.3.58

<haracteristic curvae

73

D to W IM to sM A

ﬁ

4.+ Zark room and filam starage e
T IZ;;;:;E;;;_;;rkoom _____________ e N f__
T satelighes e T «
T tepersture e <
T humidicy e <
""""" stock control x

3.5 Zfiluminators and viewing room

o - - e v

visual check

amblent light lavel

3reast dose

................ e ———_———— e :
3.1.3 Full measurement e e
3.1.4 Rapid check X

5.2 Izage quality e e o

5.2.5(a) optimisation

e ek b Y P

5.2.5(b) Routine check
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FIGURE AII.1. Relationship betwean tube voltage, filtration and
half-value layer redrawn from the data given by Wachszmannm and
Orexler (1976, p 58).

Note that the graph was derived from results obtained an tungsten
target tubes with berylliuvm windows, but it Ray be used as a quide
for molybdenum target tube.
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FIGURE All.2. Typical outputs (afr kerma/mAs at ons metra) faor
molyadenum target mammaographic X-ray tuybes.

Note that the graph snauld be regarded as 3 gu?de only since it
I's Jased an c¢ata from a limited number of machines.
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APPENDIX III

This

Mz anp ADDRESS

Agla-Gavaert Leg

27 Great West Road,
Brentford, Middx Tws gax
Tal: 01-360-2131

Apcleford Instruments Ltq
P.0. Box 7sa,

Abingdon,

Oxan OX14 4UE

Tel: 9235 510370

Computarised
Systems Inc.
2388 Almeda Avenue,
Norfolk, Virginia, 23513,
U.s.A.

Iraging Reference

Jegussa Li&g,

faul Ungerar House,
Zarl Rcad,

Stanley Green,
Handforth, Wilmslaow,
Cheshire Sx0 IRL
Tel: 051-486*6211
Du Pont (UK) rLtd.
Wedgwoad Way,
Stevenage,

Herts sG1 4QN
Tel: 0438~714%54¢

’—________——"'"—-\
Faxil, ?nlr\r-bﬁ CNRN
Deg:. of Madical Physics,
Unlversity of Leeds,
Leeds Genaral Infirmary,
Leeds LS1 jEx

~ Tel: 0532-~432799

Gammex-RNT Ltd,, ————

4 Clarendon Chambers,
Clarendan Street,
Nottingham NG1 SIN
Tal: 0602~483307

~

: SUPPLIERS! ADORESSES

list may not be ccaplete and shayld not ke

Feccmuendation of any particular campany or produce,

interpreted as a

£200ucy

Sansi-densitame:ar
Inage quality phantag

Test equipment

Image quality phancop

P

Pinhole

Screen-~filn contact test
toal

.

e

—-—

-75a

Inage qualiey phj:szi’/)

Facal spot siire camera/
tast oqpipucnt/imaqc
quality phantog

2

H

g

NAM £

- e

Y H. Hutener,

\An dar Schwedenschanze i,

\ 9-3551 Heroldsbach/Thuzn,
West Garmany,

JTal: (39190) 428 P

—

H. Miller Graphics Ltd.,
3, Moody Street,
Cangleton,

Chesnire CWl2 4AP

Tel: Q260-279988

IGEZ Medical Systens,
250 Bath Road,
Slough,

Jerks, S0l 4ER

Tel: 0753-374000

/‘_-_.—_'—‘—-— -
industriegqutar I[aport-Expart GabH

Steinkaulplatz 14, .
0-5100 Aachen-Kornelimunster,

Germany
Tal: 02408-4747

Xedak Ltd.,

Health Sciences Division,
P.0. Box 66, Sratian Road,
Henel Hempstead,

Herts HPl LJU

Tel: 0442-61122

Macheth,
Division of Kollmorgen (UK) Ltd.

P.O. Box 178,
Wolverhampton WVé 7TS

Physics Instruments Ltd.,
21A Station Road,

New Milton,

Hants, BH25 6HN

Tel: 0425-638055

Radiatron Components Ltd.,
Crown Road,

—

Resolution test objects
(also obtainable in UK
from Siemens Ltd. and

Vinten Instruments Led)

Densitometers/
sensitometers

CGR Image quality
phantom

-~

4

sli

Focal spot canera

e

Inage quality phantom
Densitometer

Cosemetars/
test equipment

Twickenhan,
gtﬁggllggi 3ET Dosenetars
-76~
g




HAMT e

R.Y, Parry
P.0. Box 3s,
Nawhbury,

Berks RG13 2NX

Tel: 0615-46116 Densitometer

Siel Imaging Equipment Led,,

Unit 1, Orpheus House,

Galleva Park,

Aldermaston,

Barks RG7 4gw Tast equipment/imaqe
Tel: 07356-71828 Quality phanten

QUALITY ASSURANCE

IN

MAMMOGRAPHY

Siemens Led.,
Siemens Housa,
#indmill Road,
Sunhury—on-Thanes,
Middlesex Twis 7HS
Tel: 0932-7!5691

5 basgic s, kb

Resolution test objeces

Vertec Scientiftic Led,,
S Comet House,
Calleva Park Estatas,

AL e ety o 1

*
:Rl
Aldermaston, :
Reading, RG7 agw Dosemeters/test :
Tel: 07356-7743) equipment M A practical guide to radicgraghic quality control
. produced by
;’Ln:en Instguments Ltd., Radiation Physics ;mu;;m Bicengineering
-,;2;???395“ ’ Regicnal Deparzmenc of Medical F;yis:ﬁs
] e - istie Hes|
Surrey XT13 aLg Cosemetars/tase &hp_-;te: M20 98X
Tel: 0932-357711 equipment 061 445 8123 ext 450
i A G Brennan and A J Shaw
. Segtemberlﬁﬂa
Allegato B
~77- Dispensa  4°
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Imtroduction
A Daily Checks
a X- ie: i
Ay unit: Automatic expasute control: Repmducibil.i.ty

b Autamatic film processor: Sensitcmerry
< Film: Reject rate

d Cassettes: Screen inspectien ard cleaning

B Weekly (hecks

a _ . . .
X-ray unit; 1. Automacic exmsure wntrol ; Repaatabili.:y
ii. Campression device: Reproducibility

b Image qualicy: Reproducibility
c Film: i. Rejec: analysis

ii. Stock ceatrel / Film storage
Morthly Check

X-ray unit: Autamatic &posure conerol: Changing thickness
Quarterly Check
a Breast dose: Reprcduci.bili:y
b Cassettes: E‘iLnVscr-;m oontac:
Routine Checks
Autcmatic fijm Processing unit: Simple maintenance
References
Mrendices
Measurements performed 4t oormissioning

2 Routine tests performed by the Physics Department
3 Sample daca sheets

g5

Page

10
12
13
15
17

19

21
22

24

27

29

LA el s

Ty

NTRCOUCTICN:

This manual is intended o provide practical quidance on the implementaticn
and cperation of a routine quality assurance programme for mammxgraphy in
the North Western FRegion. It is concerned solely with radicgraphic quality
control and does noc deal with the administrative structures ne:essa.ry for
the proper ranagement of a quality assurance programme, radiological quality
control and training. It is written as a practical users manual and ic is

intended that it be used as a companion publication to the IPSM protocol

(IPsSM, 1988).

It is assumed that comprehensive mechanical electrical and radiological
safety ccmmissioning has been performed on the unit to ensure that the
standards of perZformance meet the cenditions specified in the contract.
Letailed status checks of all relevant parameters should alsc have been
carried cut wo establish the baselire level of performance against which the

extent of any future deterioration can be assessed., These are specified in

~pgendix L.

it is assumed that the users will have had scme experience and training in
quality assurance and also have access to advice and support from a Physics

Department with experience in guality assurance. The measurements are

cesigned to detect any variaticn in the reproducibility of the camponents of
the imaging process and the limiting values and associated actions are

clearly specified for each measurement.

This document aliso includes tha measurements that should be routinely
performed by the Physics Department which are specified in Appendix 2.
Finally, it must be acknowledged thac this document may require revisicn in

the light of further experience and develcpments.

24




4.4, Aczien.

If the mAs reading is cutside the limiting value, performa

repeatahility measurerert.

If the prepeatability is unacceptable follow action specified in
repeatability check {page Ll).

If the repeatability is acceptable but the mean mAs of the
repeatability check differs by more than +/- 10% frem the ‘mean
mAs of the reproducibility measurements for the previous week,
but by less than +/- 15%, perform a changing thickneas
measurement and folleow action specified for this check (page

2+ Equipment
2.1. Petspex mtﬂﬂ; 4cl'lth.|'.ck 20]-
2.2. Designated . If the repeatability is acceptable but the mean mhs differs by
Frated cassette and fila. ' more than +/- 15% from the mean mAs of the reproducibility
2.3. Qaleulatar. measuremencs for the previous week, motify the radiographer-in-
charge, discontinue screening and arrange for a service engineer

to correct the malfuncticon.
3. Methed

3.l. P
h;f::r.‘:s‘e:nles:r:&ex phantom OthRY- Place the cassette in
ot msimm. Pesition 1 (nearest the chest wall)

3.2. Perform the ng
rmal = s g
manufacturers manual, b UP exposures as specified in the

3.3. i
3 Usmgur:.he ROrmal AEC factors at 28 kV, perform a single
theex'pt:smr m:;oocd:g cgthz: pﬁz.stf—exposure mAs.  Return the film with
o i or processing and inclusion in the
3.4. Caleulate the mean week
Post exposure mAs at
calculate the overall mean for the 3 p':'evti.hoetmaieii he =l

4. Implemsntation

4.1. Erequgq_

This sheald be performed dail ScTeening
x Y before examinations
and after & routine service before aq;fe leaves.

4.2. Data record keeping.

—-

4.3, Limiting valyes,

mAs value sho i
previcss 3 “}d Pe within +/- 10§ of the mean for the




{It is assumed that
et up at pre-determined optimum

Ecuirment

2.1. Abox of 18 x 24 i speci
. C film, dedicated LE§
as:;slm;?kg This box sheuld be an the mose recec;c;iffvfor
must Pt urder the norma) darkreom starage onr:iit_i.onsery
Green light sensitcmeter ang operating manual

Densitometer am operating manual .
2.4. Gragh Paper, log boak and coloured pens.

3.1. a sensitemetric strip throuch roce:
; P 13 produced and fed
utm:.:hasva.m-dup. atdnsarrer_imda.ily. the e sse
3.2, Alvays pocess the £ i manr aning
| llm in a reproducible L ticni
;he Strip at the same Place on the feed tray mﬁmmlu
ense step at the lead edge of the film e dease

3.3. Record the date, tj and
. time
process ] o _p.devolopment temperature an the

3.4, i
4. Perform densicy Measurements on the sensitometyric Strip to

¢ Speed index (SI), comtraee index
base and fog density (BF). These measurements rrfucsrtl: agcel

Performed at 3 specific locationg,

1) An mexposed area of the film 1his
plus fog density (aF), fllm is the value of base

ii} A step which has a densi
ity of i .
Step mubwr for al) mqmmﬂmmmmmwmu!mly 22. Use this

) A s:epm:h:iri has a density of 4pproximtely 1.2. Use this
Lnd?tepe.x iy subsequent: meAsurements. This is the Speed
To determine the i
11) Lrcacni value of contrast Index {CT) suberact iii) from
3.5. Record the values of ST
) ley + CI and BF
Motirg any deviations and Possible t‘-:r:lh:

dﬂta-'-hﬁtarxignph,

L]
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3.6,

3.7,

3.8.

3.9.

When there are about 5 sheets of film lef:t in the dedicated box,
implement a cross—over procedure. Obtain a second box of
idencical film from the roet recemc delivery amd for the next S
days process 2 sensitoametric stripe, one from each box, clearly
identifying which is old and which is new.

Record SI, CT and BF, for both films.

It may be necessary to jnitiate the cross-over procedure earlier
than indicated above if, due to storage conditions, the BF of
the sensitometric strip becomes unacceptably high.

During the czoss-over procedure, the differences in SI and CT
shauld net vary by more than +/- 0.1 D and BF by +/- 0.02 D.

4. Implementation

4.1.

4.3,

4.4.

Frequency.

This measurement should be perfarmed daily or when a mal funcrien
is suspected or after a routine service before the engineer
leaves.

Cata record keeping.

Establish a 'Sensitometry Log Book'. This should include the
data sheets, graphs, strips, and all relevant information
reqarding sensitometry so that it can be easily understood by
all radjographic ard Physics Department staff,

CI and SI should be within +/- 0.1 D of the mean for the

previous moncth. BF should be within +/- 0.02 D of the mean for
the previcus ronth.

Action.

If either CT, SI, ar BF is cutside the limiting value repeat the
measurement. to verify.

If the variations are within the ranges +/- 0.1 ta +/- 0.2 D far
CI and SI and within the range +/- 0.02 to +/=~ Q.03 D for BF,
continue processing but try to establish the cause and carrect
it before the situaticn worsens. Repeat the sensitcmetric check
same time later. Although there is no substitute for real
experience and knowledge, guidance on the intarpretation of the
sensitometric results is available in the referenced
publications {BRH, 1977; HPA, 1964; Mocres et al, 1967).

If all variations are greater than +/- 0.2 D for CI ard ST and
+/- 0.03 D for BF, discontinue processing and do not use the
processar umtil the cause has been jdentified and corrected.

.




C.

Dajily check
film: Redject rate

1.

Ain

To quantify the amount of waste film as a % of th
mammography - the 'reject ratg. {This reject rate

Equipment

2.1. 'Daily’ boxes to collect waste film, ‘week ]y’

. boxes to store
waste film.

2.2. 'Reject' data sheets.

Method

3.1. Discuss the project with all staff and explain the importance of
perfoming. the daily rejecr rate checks. Stress the importance
of them using the correct box and ‘reason’ code.

3.2. Dpecide what categories of 'reason' are tg be used in the
analysis of the reject films,

e.g. too dark
too light
pasitioning .
movement
processor
loader
blank f£ilm
test film
identification tag
absence of region of interest
fogged

other

3.3. Devise a coding system for each reason. Ask the staff, when
discarding film, to mark each fejected film legibly with the

. <orrect reason code and put (t in the correct box.

3.4. Provide a ‘daily’ box for each X-ray unit at appropriate sites,
€4. adjacent to the processor and reporting area.

3.5. MNote the total number of radiographs from each unit before
Processing. )

J.6. Collect, count and record the boxas' contents daily. Do not
Sort the contents inte reason Categories but store the

contents safely in the weekly boxes for the weekly reject
analysis check.

N

et )

Ak

[ P

3.7. Collect all the data, calculate the daily reject rates for each
unit and record the results.

j i hanged significantly
.8. If the reject rate for any one unit t,as chang
>3 sort the geject films £or that unit into 'reasons' and analyse
the findings to identify the sSource of the change.

Imolementation

4.1. Frequency.

This simple reject rate check should be performed Jaily to
facilitate the early detection of problems.

4.2. Data recocd keeping.
All data should be recorded on the appropriate data sheet.
4.2.1. Informacion required from other records.

Total number of £ilm processed from each X-ray unit.
Mumber of non-clinical £ilms used.

4.2.2. Daily reject rate for each X-ray unit.
Daily overall total reject rate,

4.3, Limiting values.

This will be deciced by the CA manager and will be dependent
on leocal operational conditions.

4.4. Action.

Any sudden increase in reject rates hiindifa;::: m:&roc:iblmeums tth::

be located and cotrected. This in v )
g:r:unicated to the users at the relevant se:eemrugbeun;gena:igﬁg
as possible and appropiate corrective action must i

and implemented.



3.

4.

Screen cleaning materials.

Method

The Screens should be inspected for du

ontaminants and cleaned

Imlementacicn

4.1,

4.2.

4.4,

Frequency,

St particles, marks and other

using a proprietary cleaner,

This shoyld be Perfarmed da-!-ly.

Limiting values,

If scratches or marks
OF contribute (in a
quality of the
Acticn.

Ifmﬁmﬂcw

befdkenqzr_ofmm

‘false-positive' manner) to

a.repruentdﬂeck:}ggmcbm:. .
the diagnestic

ity of the screen ig impaired, it should

s —

a.

Weekly chack

X-ray unit

1. Autgmatic exposure cantrul: Repeatahility

Aim

To determine the repeatability of the performance of the ABC facility.

Ecuirment

2.1l. Perspex ghantom, 4 an thick.

2.2. Designated cassette and film.

2.3. <Calculator.

Methed

3.1. Place 4 cn perspex phantom on tray, place the cassette in
holder, select ARC chamber position 1 (nearest the chest wall)
and apply conrpression.

3.2. Perform the rormal warm-up exposures as specified in the
manufacturers maral. .

3.3. Using the normal AEC factors at 28 kV, repeat the exposure 5
times, recarding the post-exposure TAs <n each occasion.

3.4. Determine and record the mean and standard deviation of the
post-exposure mhAs readings. Return the film with the screening
radiograghs for processing and inclusion in the reject analysis.

Implementation

4.l. Frequency.

This should be performed weekly or when a malfunction is
suspected {e.g. unacceptable reproducibility) or following
carrecticn of a repeacability malfunctici.

4.2. Data record keeping.

N All data should be recorded cn the appropriate data sheet for
future reference and carparisan.

4.3. Limiting values.

All mAs values, should be within +/~ 10% of mean.

N 1



4.4,

Actieon.

If an mAs reading is cutside the

feAsurements to verify. limiting value repeat the

IEf an mAs ' i ithi
rad:.:hug; is within the range +/~ 108 to 4/~ 15% of the
smtam':s perfom cz:.n :t:?at.a.bz.nty nmu:/emn: daily to determine
. Ser/radi N .
whether or noct reject rates have inc:eaa:d?ut iy

repeatapilicy has warsened, notify the ndicgrapl-uer-in-cha.rge

discontinue screening ;
the malfuncticn. and 3¢ 4 service engineer to correct

a-

X-rav unit

ii. Comressicn device: Reproducihility

1. Aim

1.1.

To determine the reproducihility of the aompressicn device.

2. Eouigment

2.1. large piece of hard corpreasible foam.
3. Method
3.1. Place the foam centrally urder the compression plate and apoly
the maximum corpressicn possible.
3.2. PRecord the pressure and the thickness of the corpressed foam.

4. Implementaticn

4.1.

4.2.

4.4,

Frequency.

This measurement should be performed daily or when a malfunction
is suspected.

Data record keeping.

Record the data on the appropriate data sheet.

Limiting value.

A highly reproducible degree of compression is required, so
recorded values should be within +/- 5% of the mean for the

previcus week.
Actien.

If the data is outside limiting value, repeat the measurement to
verify it. If possible adjust the compression device so that
the compression is within the limiting value. If this is not
possible notify the radiographer-in-charge, discontinue
screening and arrange for the service engineer to correct the
malfuncticn.

va Qs




Image Quality: Reproducihility

l. Aim
To determine the reproducibilijt imiei i
threshord o] pedbony ity of the limiting resolution and
2. Eguioment
2.1. Leeds test cbject TOR (s},
2.2. Designated cassette and film.
2.3 Magnifier (5x ar greater),
3. Method
3.1, Raad the L»;t:pct;icn manual before use to familiarise cneself
:r;{echht:.e Fn?cﬁ'l“ and use of the tese abject. When examini
ges, follow th 1f1 i
PR v ¢ procedures specified in the manual {Cowen
3.2, E;;si;;gn :h‘e unit for the cranio-caudat pPrajection and adjust
Eeth to the maxime possib]ae. Place the test object on top
o € attenuator plates on the tray ard expose artomatically ae
28 kV. Record the date, factors amd unit cn the film, Y
3.3. when the processed film has been retwimed and read, record the
densities, the limiting resolution, the low contrast resolution
limit, the threshold contrast of both the large detail low
contrast ob_]ects and the small detai)] high contrast objects
Stare the film far future reference, .
Imolementation
4.1. Frequency,
This measuremens should
iy oo 1o u be performed weekly or when a
«4:2. Data record keeping.
Record the data on the appropri
Pr i 2 Taeh p:p Priate data sheets and store the
4-3. Limiting values.

mAs should ithi - X
be within +/- 10% of the mean for the pPrevious 4

Base+fog density should be within +/-
previous 4 within +/~ 0.02 b of the msan far the

Backg i v
the :::::;‘;::’"“Y S.hOUId be within +/~ 0.1 D of the mean for
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Absolute values of the resoluticn ard threstold contrast will
depend on the age and type of the equipment and other local
conditions. Values should be reproducible to within +/- 1
increment of the baseline value for all the test abject details.

4.4. Action.

A. If the base+fog and backround densities are cutside the
limiting values but within range +/- 0.04 D and +/- 0.2 D of
their respective means and
i. If the mds is cutside the limiting value:

1. Check that the correct exposura gecametry and cassette
have been used.
2. Repeat the measuremencto verify. If still outside,
3. Check the daily AEC reproducibility results and perfarm
a repeatahjlity measurement.
4. If the repeacability is unaccaptable:
Follow the action specified in the repeatability
check (page l1}.
5. If the repeatability is acceptable:
There may be a reproducibility problem, but this
should be detectable by the daily AEC
reproducibility measutement.

il. If the mAs is within the limiting value:

l. Check that the correct cassette has been used.

2. Check the daily processar sensitametry measurements.

3. If these are satisfactory, repeat the image quality
measurements to verify that the densities are still
incarrect.

4. If the resolution ard threshold contrasts are within the
limiting values, there may be a film batch speed
difference.

Notify the radiographer-in-charge and perform a
sensitometric film speed comparison with the
present film ard the processor sensitamecry film

B. If the basetfog and/or background are cutside the range +/—
0.04 D and +/~ 0.2 D of their respective means: ) .
l.Notify the radiographer-in~charge and discontinue
screening.

€. If the resolution and/or threshold contrast measurements are
outside +/- 1 irxTement of the baseline values:
1. (heck that the correct exposure gecmetry and cassette
have been usad.
2. Repeat the measurement to verify, ensuring tha.t. the
cotrect viewing caxitions are used, If still cutside
3. Perform a film/screen cemtact msasurement and follow
the action specified {page 23).
4. If the film/screen contact is acceptable:
Notify the radicgrapher-in-charge and the
Phiysics Department, who will perfarm focal spot
sire and kVp measurements. .

a7




1.2. To facilitate the g i
fenes fonmsa th caeu:g;um of changes in reject rates and the

Equipment
2.1. ‘'Weelly' buxes in which to store waste f£ilm,
2.2. 'Reject' data sheets,
Method
3. ooun record Sveek
x-]r..-i:c:;xit at.td:::dend of tl'?rweek lyc': b::':Sl t:mtmt Pl
I ¢ . onfirm that th
agree with those recorded daily on the ‘reject’ daca s:;::r.bers
3.2. Sort the contents of
C each i ' '
findings before moving oncto':: :::: h::asons 2 record the
3.3. Collect and total al
] 1l the data for the week
reject rates per reascn per X-ray unit angd ream':l iﬁtﬂate the
lemnencation '
4.1, Frequency.
4.1.1. It is of paramount
::ag:tsm? = bj;ﬁ:tance d}at f;e f;‘ll reject
mpeszu_ ed Programne
) tial haseline ard to pinpoint problem
N 4.1.2. It should be
. pPerformed continuously to facilitat
eu-:;{n mﬁauﬂ:‘ of faults and problem areas i.: g:
; . attainment and maintenance of 1
;:;hec;ﬁtiiyu a:; th'lztal'uableinm‘iicar_ion af acceptabg;
ciency the imging process.
]
'l
rs
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4.2.

iy

4.3.

4.4.

fata record weeping.
Record the data and reject rates cn the apcroiate data sheets.

4.2.1. Informtion required from 'reject' data sheets to
include :-

Total films proomssed per wnit.
Total rejects per unit.

4.2.2. Vveekly reject rates for:«

{i) Each X-ray wnit

(ii) FEach reasn at each wnit
(iii) Fach reasn at for all wmits
(iv) Owerall reject rate.

Limting values.

This will be decided by the GA mnager and «ill depend an loaal
operaticnal anditias.

Actian.

4.4.1. Encdeavour to keep rejects as lowas can reascnably be
achievable .

4.4.2. Be on the look out for changes that may be developing

slowly through careless tecmiqe eg. pOOC osi tianing
or compressicn, or poor maintenance, e.g. geratches a
film emalsion.

16
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2.1,

Zoent

Mudmm/Mnimm thermometer .

Metiod

|

3.1.

Stock aneol.

A strict antrol system should be implemented. The i form ty

of batc?tnumber of film should be con firmed upon deli very and

the delivery date should be clearly indicated an the kox. Film

and chemistry should be used in strice rotaticn, oldest firse
and no fim or chem stry be used beyond it's xRy date.

3.2. Flm swrnce.

Films should be stored at 15C to 18C and humidities of 50% to

60%. Films should be allowed to reach darkroom temperature
be fore use.

Implementation
=t

4.1. Frequency.
4.1.1. Stock ontrol,

Should ke anductad axntinously. Chacks should be made
weekly or as often as nemssary.

4.1.2, Film Storage .

Film storage temerature should be checkad periodiaslly
and daily during Pardcularly hot and xld weather
sgells,

4.2. Ata record keeping,

taj led stack recrds of £ 1lm and chemi stry tunover stould be

De:
kept as an aid w the admini strative mnagement of -the work.

17
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4.3. Lmting valwes.

4.3.2.

4.3.3.

4.4, Actian.

4.4.1.

4.4.2.

Stock cntrol.

n delivery check that the A lmis of the 2 ta;ch and
thatits expirydate is not in excess of its estimeted
stelf-life.

Film storace.

Storage temrerature should be mintainable to within +/-

Stock antrol.

i i hconfirm that icis
If the filmis not of r.he_sn'e ba tc] ;
of uni form sensitivity with the .nanumqtu:ers_a.nf;l by
sensitometric comparison. If its axpiry dace is in
excess Of its shelf-life retum to manufacturer.

Film storage.

i i 1 duce the central
If temperature is cnsistencly h}gh. e 2L
heaci;'lm:r temperature and/or install a fan or air
condi ticning system.



thickness

To determine that the agc Performs correctly for
changing phantom thicknesses.

Equioment

2.1. Perspex phantoms, 2 angd 4 am thick.

2.2. Densitometer,

2.3. Designated cassette and f£ilm.

Merthod

31. Place 2 <M perspex phantom on tray, cecord thickress on
‘dedicated cassetre and place in holder, select AEC chamber
Position 1 (nearest Chest wall) and apply compression.

3.2, Using the normal AEC factors, perform an exposure, recording the
Post exposure mAs and the factors.

2.3, Repeat the above Steps for thicknesses 4 ard § cm, reloading the
€assecte each time,

3-4. When the films have been Ptocessed, read the densities in a
reproducible area ang tecord these on the £ilmg.

3.4. When rhe radicgrachs have been feturned, recourd the densities,
Return the films for inclusion in the reject analysis.

Irnlementation

===ementation

4.1, Frequency

4.3,

Mata recocd keeping.

All data should be recorded on the 4ppropriate data sheet for
future reference and comparison,

Limiting valyes.

MAs values should be within +/- 1oy of those for prévious month.
Range of densitjes should be within +/= 0.2 0 of the average
density and within +/- 0.1 p of that for an identical thickness

for the pravigus month,

Aczion.

If the densities are cutside the limiting value, repeat the
measurements tQ verify.

i - 10% and +/~ 15% from
alues differ by between +/ 0%
éioéﬁefz‘:st:e previous month, but the densities for difvf:::e:;t
thicknesses are within +/- 0.2 Dto +-030D of tl}e_ .‘a) A Dgté
a;-ld the densities for the same thickness are wit}::m ;erfo.rm o
. i sSurement,
- 0.15 D of the previous months mea

r;éasgrements daily to determine status and contact the m::;q;::
reader/radiologist to ascertain whether or not reject ra

increased.

If the mAs values differ by more than +/-hal:t,/orol:3h; dzr:siégg
i ‘ ffers by moce t +/- 0.3 D,
for different thxcknessgs dai han oy o.s o o for
thickness differs by more than ; . 0,
tggecs:":aces have increased, notify the radxogrgpher-tq-cha:g.:ec;
;iicontinue screening and arrange for a service enginee

correct the malfunction.



D.

Qarterly check

a. Breast doge: Reproduci bi i ¢y

L. aip

To determne the leng-term reproducibi lity of the Ereast dose ,

2. Equigrent
2.1. Ferspex prantom 4 cm thick.
2.2. TLD material.
3. Method
3.1. Place the 4 em PRrspex phantom i
: @ the tray, insert
n:.::t.be_ !'xlalderéh:nd se lect AEC chamber p:s{:.cn T Pﬁgmtf:e%
erial on ntom i 1
e pha m in the indicated Position and apply
3.2. Using the normal AEC factors
e e + perform cne exposure and record
3.3,

Feturn the TLD material and e recorded factors by post to:-

Fersmal Padiation Mosige i

B latine House oY Srvica
Palatine Rad

Withingeon

M20 9B

Fetun the exmosed fim for inclusien in the reject analysis.

4. Implerentaticn

4.1.

4.2.

4.3.

4.4,

Frequenicy.
This stould ke Ferformed 3 mnthly.
[ata record keeping.

Limiting value.
This will be determineq by the Physics mmm
Actien.

This will te investicatad by the Mysics Demrtmmnce,
\
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D.

b.

Qartecly check

Gissettes: Film/screen antact

I A

To ensure that any deterioraticn of the screens is identified thereby
avolding inferior quality mammograms and mnecessary dose to the
mpdlation.

2. Eodaent

2.1. Film/screen antact test tool.
2.2. Cassette log ok,
3. Method

3.1. tsure that the massettes have heen cleaned and reloaded.

3.2. Read the manufacturers literature for the aintacs test tool.

3.3. Placethe assetta cn a flat swrface and psition the test tool
o twp of it.

3.4. Adjust the focus-film-distance to that specified in the
mnufacturers literature and collimte cthe feld size to the
mssette size. (If these steps are not possible cn a dedicated
mmograghy uit, 3 anventional X-ray wit should be used.)

3.5. Using fine focus, perform an exposure to give a density of
approximacely 2.0 D.

3.6. fepeat the almve mocedure oy each cassetts, clearly identifying
each cassetts using a mrker system [rior to [roessing.

3.7. BPamine the resultant films cn a viewing tox at a distance of
4 m.

Areas of increased density are indicative of areas of tad
£ m/screen antact.

Areas of decreased density are indicative of chemiaal damge to
the screen or dirt. '

3.8. BExamine and clean any offending screens and repeat the above

pomdure to anfimm the findings.
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4.

Imlerentation

4.1.

4.2.

4.3.

4.4,

Frequency.

Guarterly and when degradation of the imge indicates that
film/screen antact my have detaricraced.

[ata rexrd keeping
Feaord in the assetta log took:-

Qigsette numker, screen typ2 and age
Physical state of massette and screen (viswlly)
Results of tests and cate

and swre the films for future re ferences .,
Limting value,

When viewed at 4 m, the £ilms should aprear to be aof i form
density. Areas of increased density are indicative of poor
film/screen contact and the Assette should be removed fram
clinical use, Areas of decreased density are indicative of
cremial damoe ot dHre. If, after cleaning and repeating the
test, the area of decteased density reming, the cassetts shuld
be removed fom cliniom] use.

Actien
Bach mssette removed from clinieal use should be evalimted tp

determine the extent of Scfeen damuge and due consideration

should be given to either replacing the screen or discarding
the cssetts and screen.

23
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E.

Foutine checks

Artcmatic film proomgsing mnit: Simple mintenance

Aim

i i formance of the
btain and record baseline data on the per
T:?o:esmr as an aid to the dlagrosis and detaction of faylts.

Ecndgrent

2.1.

Thermometer either alcoohol or digital .(not mercuryl). If
digital, a long measurement prote is essencial,

2.2. pHmeter or pH indicator papers (range 9 to 13 for dev., 3 to 7
for fix.).
2.3, Stopeatch.
i i te to within
. Two dated measuring cylinders (250 ml), accura
e 3 ml?r:ne for develorer and cne for fixer., These should e long
enouch to hold the hydrometar.
2.5. Residwl hypo test kit for archival permnency.
2.6. Silver estimating paper.
2.7. Bydrometer.
i i terials and a sink
2.8. lengths of plastic hosa, cleaning m
sufgdmtly large 0 hold the roller racks.
2.9. Processor manuals and mnufacturers informtion for filmand
chem stry.
2,10, Serviee records and details of nodifiatians.
Method
3.1. Thre rollers and tanks d'ogld = kepe free from demical deposits
by frequent regular cleaning.
3.2. The roller racks should be removed m"ln:ucilfﬁli:?;uo?uuf
i cted for signs of wear. t
:13:12:: in the tanks should then be rechackad with the racks
~ removed and the processor switch an.
3.3. All drains and pipes should be inspected for l'ol.esi L:a)::n:x;:
- blockages. The morer finctian of the water flow valve
be ala checled. .
3.4. Tre moller racks should be replaced and the £ lm transportatian
times checked and recorded.
31.5. The processed £ lm should be examined for scratches, raller

marks, streaks and evidence of inadequate washing or drying.
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3.6.

3.7,

3.8, Tre effidency of the fidng and washing shoyld e checked and
recorded using the hypo test G,

3.9, The PH and specific gravities of the BWilwims shoytg b2 checked

3.10. The silver cntent of the £ xer and the =i lver feOvery tanks

4.1. Frequency.
4.1.1. The mlilers shoyld me ¢leaned dily, and all the tanks
qarterly or whenever o luticns are changed.
PRITs and dreoulation inspecred weekly or when a faule
1$ suspectsd,

4.1.3. Tre drains and ArEs should inspectad weekly or when
a faule is Susrecsad,

4.1.5. The films should te examined weekly or as indimtaed.

4.1.6. The solution temperatures should be chacked monthly
although the ®veloper temperature should be checked and
recorcded dai Ly during the sansi tometria measurement,
This should be @mpared with the displayed value tg
anfim itg long term accuracy.

4.1.7. The repleni shmene fates should ke checked 3 mnthly or

4.1.8. The hypo-test should be Performd 6 mnthly or ag
indicateq by the s gi tometry.

. 4.1.9. The pHs ang Smafic gravitiag should be checked g
mnthly or as indicataq by the sen si tometry.

4.1.10, Te g lver antent should be checked § mnithly.
4.2. Dmta remrg keeping. .

Establish a 'Processor Log Book' in which all data ig clearly
temrded and datad.

a 258 AN

4.3.

Limiting walues.
Trese are clearly specified in the referenced publications (RRH,

1977; HPA, 1984; Moores et al, 1987).

Actions.
i . fied in the
me of experience but some are sped, fie
Tr?&ﬁ:;i:db:bﬁr;edma TPBEH-I. 1877; HPA, 1984; Mcores ec al,

1s87).
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Appendiz 1:

.

Yeasurements performed at omn ssioing:

These are listed telow and the list is not intended to be exhaustive.

1.
2.
3.

Elactrioml safety
Mechani al Safety and Function
Rdolgial Safety

Radiation protecrien operaticnal procedures and loal rules
Omration of antrols and waming devices

Tute leakage

Beam limtadian and aligqirent

Llead equiva lence

Radiclogies | Performmnce

kVp accuracy

OQutput repeataki lity and reproductbi ey

Qutput variation with kV, mA and time/mas

Accuracy and repeatability of exposure timer

Total fltracien

Fol spot sizes

Grid: aligument, bucky factor and cmtrast inproverent factor

Automatic exposure antrol: repeatabi lity, variation with kV, thickness,
moifimtion and dengity mrrection.

Automacic Film Processing thit

Procassor Optim smatian
Processor Sensitoretry
Bseline Performnce Mesasuremsnts

Fi Lm/Screen System

Identifioation

Uni formity of atch sensitivity
Fi lm/screen amtace
Cmractaristic curve

Darkroom and £ 1m storage anditions

Illuminator and viewing room anditians

<



s s
Routine tests performed by the Physics [emrtrent:
Foutine tasts are wndertaken reqularly and/or after repir to determine if any
change in the performnce of the equipment has occurred and to update the
mseline data, if aporopriate. The tests mriormed and their frequency will
depend on loaal operaticnai anditicns and should include the ollowing:-
Operation of emergency release
Ceeration of antrols and waming devices
Beam limitation and aligument
kVp accuracy
Output repeatability and reproducibd Licy
ol spot sizes ’
AEC repeatability
Serisitoretric processor OREALL s
Qassettes, wiformicy of mech sensitiviey

Illudnator performnce

g

-

satole data sheets
e e .

Srple data sheets for all the measuremencs are included in chis appendix.
Some addicional ‘reject analysis' data sheets with sample data and

alculations are alao included.
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Automatic exposure control: Weekly Repeatability
Automatic exposure control: Daily Reproducibiliky X X-rav unit:
X-ray unit: ' k¥, 4 cn perspex, chamber position 1, cassette no._
— KV, 4 cn perspex, chamber position 1, cassette no.__ pate ! mAS ) Mean 1 WL ! W ! Comments
I 2 3 4 51 +/-5.D. | ! !
Date | mAs | weekly ! Rolling | (n 1 WL ' Comment s
! ! mean ! wk mean! ! ! ! P v ] ! '
| ' ' ' ' | UL = 1.10 X mean mAs LL = 0.90 x mean mAs
UL-l_.lUwaeekmean LL = 0.90 x 3 week mean
Automatic £ilm brocessor: Daily Sensitomet Comoression device: Weekly Reproducibil ity
Processor: X-rav ynit:
fate [ Temp ! B i g ! N S Comments Date (Pressure {Thickness| UL P! LLpP! ULT! T {  Comments
;o C | step _ lstep _ | ' ! (bacs) | {cm ! ! ' ] '
U Limie ! - H ! H 3 .- : ! : i ' '
L Limic !} ] ! i i H UL = 1.0_ x last week mean LL = 0.9 x last week mean
Automatic £ilm Drocessor: Daily Sensd
Processor:
. Date .: BF ,‘ 51 i i 1= S Comments
! ' Step __ | step | H
U Limie | H H ! ' ity: lution Weekly Reproducibility
i H ! Image guality: Peso SR OCL
_ L Linit | ! ! ! ! _ X-ray unit:
28 kV, Cassette no.__
Date ! mas ! Density ! Limiting ! Low contrast E Comments
! 1Base+FogiBackground| Resolution | Linear detail!
U Limit : l F ’
L Limit | ! ! : : '
: a
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Imace quality: Threshnld Contrast weekly Repcoducibiliry
X-rav unit:
28 KV, < ¢ position 1, cassette ho._ Film: Weekly Reject amalysis, individual units
i large Detail |  Small Detail ! .
Date | Low Contrast | High Contrast ! Comments : frccesson:
' 6 mm ! 0.5 mm | 0.25 mm | ;
U Limit | ! ! ! : Dates:
L Limit ! : ' ' t-zay unit }| " '
s Total films}) " ]
y processed || HH :
Reason | Rejects per | Reject rate pec }} Rejects per | Reject rate per ! ;
i1 reason : reason !l reason H reason ' L
Film: Daily Reject rate ' 1. patk !} I = 3 ! A ;
Processor : ' 2. Lignt |} Y = % A !
bace ; Xeray | films | Rejects {  taily | Comments 3. Posa ! s o= w0 VN
v umit , processed | Processor | Reporting {reject rate! B
4. Move |} 4 = v |} ' /o= %
' H : H ! L3
, , 5. Proc 1! o/ = A
i ] ! ; H L 3
o 1 ]
other | : 6. Blank || Vs = L d / = LI 3
7. Tesz ! N N ] A
iOverall! ! : : ' ' i ' i
! TOTALS! i ! v 8. ID cag || b/ L R
9. %o ROT |! v = % g A
10. fog !} o/ LI A
11. other !! A S A N 1
Total {4 ' i
rejects ! " i
weekly || i E ;
: reject rate}! / = s Y / = i ' |
g ;
Corments | ! " | |
0 ¥ ; i
b
¥ X = ‘[
" HH : i
33 ¥ T ! 1
| Ak }
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i ?
: . g i rol: + i
Film: Weekly Redect lysis, all units Automatic exposure control: Monthly Changing thickness
X-ray unit:
Dates:
s _ kV, chamber positicn 1, cassette no.__
- i Cate |Thickness| mAs | UL | LL | Density ! OL | LL ! Comments
Frayunit ;i 1 1 ! fother }! 1OTAL, ALL units | i | lmas imas | Tio i |
]
Total fllm'l'{ |' |' : : :l' | ' 2 ) ' ] ] | 1 1
pcocessed || H H ! ! ¥ : ' ' H H H | i |
i
Reason !'! NuTber of res - i 4 i ] ' ' ' : '
' L of rejects i+ TOTAL all units! Reject rate !
1. pack ! ! ! ' b r - : § ! ' i : H P
i = ! -
2. Light ! ! ! ! [ Y ! Average Density = ‘ !
]
Lesn U 1 1 = ' UL mAS = 1.10 x last mAs LL mAs = 0.90 x last mAs
' ' ! T T UL D = last Density + 0.1 D LL D = last Density - 0.1 D
4, Hove ! H ! ! Yo~ T v Density cange = last average Density +/- 0.2 D
i = H
9. Proc " H H ! ! - “ f / . s
! '
6. Lloacer |} ; : ! P v .
1 = H
7. Blank ! ! ! H b v I
¢ = H
g. Test ! ! ! ! ! - C . !
] - h
3. ID tag !! ! ' ] 1 -
gl ! ! ' i oy = & Braast dose: Quarterly Reproducibility
10- Yo For i : : 't o=l Y X-ray unit
! = :
1. Fog ! ' : ' T
0 ' : H i i 4 = ! 28 kV, 4 om perspex, chamber position 1, cassette no.__
12, other 11 ¢ 1 L AR Y Date | mAs |  TLD dose ! Comnents
[ ] t
TOTAL i H H ! ! - 1 , \ H ; (mGy) '
All reasons)! ! ! ! - EE ! / '
z 1 = i
Comments ! :
B . ]
[N} N
[}
[N}
[ §
]
n
rt 1
(R} !
il N
1
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