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Abstract - A dose measurement procedure for mammography which is based on
automatic acquisition of exposure parameters is described. An assessment of the mean
glandular tissue dose in the national mammography screening program for the period
1990 -1992 is presented. The mean dose per radiograph was 1.3 mGy. The standardized
doses, expressed as mean glandular tissue dose for 45 mm thick breast with 50%
glandular tissue content and measured with 45 mm perspex, have also been assessed for
each unit used in the mammography screening. The doses from the three units evaluated
were 12, 1.1 and 2.4 mGy respectively. Use of stationary aluminium interspaced
scattering grid is the reason for the highest dose. An evaluation of the risk in connection
with the mammography screening is also presented. A conservative estimate gives one
radiation induced breast cancer every 11th year with todays practice.

Samantekt - Lyst er adferd sem byggist 4 sjalfvirkri so6fnun tokugilda, til malinga 4
geislaskommtum vid brjéstamyndatdku. Medalgeislaskammtur kirtilvefs vid h6pskodunina
4 drunum 1990 til 1992 er metinn. Medalgeislaskammtur 4 réntgenmynd var 1,3 mGy.
Einnig hefur medalgeislaskammtur fyrir stadlad brjést verid metinn, b.e.
medalgeislaskammtur kirtilvefs 45 mm pykks brjésts, sem hefur 50% kirtilvefs innihald
og mzlt med 45 mm plexigleri. Pessi prju taki sem metin hafa verid og notud eru {
hépskoduninni syndu 1,2, 1,1 og 2,4 mGy. Notkun fastrar siu med 4l-milliefni er asteedan
fyrir haesta geislaskammtinum. Ahzettan samfara hépskoduninni hefur einnig veri® metin.
Biiast ma vid einu tilfelli af geislamyndudu brjéstakrabbameini 4 11 4ra fresti.
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1. Inngangur.

Almenn hépskodun kvenna med rontgenmyndatoku (mammoégraffu) til leitar ad
krabbameini { brjéstum hefur verid framkvaemd 4 fslandi 4 vegum Krabbameinsfélags
fslands (K.1.) sidan f névember 1987. Almennt sé3 eru geislaskammtar 4 kirtilvef brjésta
med beim teekjum og myndgerdarkréfum sem notadar eru vid hopskodanir vel pekktir.
Naudsynlegt er b6 ad leggja mat 4 og fylgjast med beim geislaskémmtum sem um er ad
reda vid hopskodanir { hverju landi. Annars vegar til stadfestingar 4 pvi ad peir séu
innan edlilegra marka samkvamt alpj6dlegum vidmidunum og hins vegar veita peir
mikilvaegar upplysingar um ymsa gaedapatti. Haustid 1991 veitti Visindasjodur K.I.
Geislavornum rikisins styrk, ad upphaed kr. 300.000.-, til ad framkvaema slikt mat. Um
er a0 reda samstarfsverkefni adila fri Geislavérnum og Krabbameinsfélagi.

Markmid verkefnisins var fyrst og fremst ad gera ndkvaemar maelingar 4 geislaskémmtum
kirtilvefs brjosta vid rontgenmyndatdku 4 peim. Einnig ad nota pau mzligdgn sem hafa
verid tolvuskrad vid hépskodunina til ad meta geislaskammta siGustu 4ra.

Verkefnid félst einkum { ftarlegum malingum 4 Gtgangsgeislun, helmingunargildi og
héspennu peirra briggja rontgentaekja sem notud eru vid hépskodunina, 4samt vinnu vid
gerd tolvuforrits sem reiknar Gt geislaskammta Gt frd t6lvuskradum i(‘ikugégnum og
pekktum reiknistudlum. Pess m4 geta ad slik tolvuskrdning tokugagna vid rontgen-
myndatoku er nyjung hér 4 landi sem annars stadar. Ymsir gallar { skrdningunni komu
b6 1 1j6s, og vard vinnan vid ad fera gognin yfir 4 nothaeft form pvi margfalt meiri en
biist var vid.

[ lj6s kom ad tvo rontgentzkjanna voru med medalgeislaskammt 4 bilinu 1 - 1,2 mGy,
en pad bridja var med medalgeislaskammt heerri en 2 mGy. Sidastnefnda taekinu parf pvi
ad breyta til pess ad pad standist vidmidanir geislavarnastofnanna Nordurlandanna® um
geislaskammta vid hépskodun med réntgenmyndatoku af brjéstum.

Frekari vinna er naudsynleg til pess ad lagfaera télvuskrdningarkerfi tékugagna vid
hépskodunina og tengja nyja forritid vid pad. Geeti pad pd nyst sem st6dugur
gedatryggingarvisir fyrir allt myndgerdarkerfid, um leid og upplysingar um geislaskammta
yrdu zetid til reidu.




2. Framkvaemd.

Néakvaemar lysingar 4 adferSum til ad maela medalgeislaskammt kirtilvefs brj6sta hafa
verid birtar annars stadar” -7, og hér verdur beirri adferd sem beitt var einungis lyst
stuttlega. Geislaskammturinn er datladur med eftirfarandi framsetningu:

D, = K.*f

par sem D, er medalgeislaskammtur kirtilvefs fyrir stadlad brj6st, sjd mynd 1, og K, er
jonun { lofti vid yfirbord brjéstsins. Reiknistudullinn f er fall af hdspennu, helmingunargil-
di, tegund an68u og forsfu rontgentakisins, og er gildi hans skrad { t6flum® *.

Hér 4 eftir munum vi® nota ordid geislaskammtur pegar 4tt er vid medalgeislaskammt
kirtilvefs einstaks brj6sts. Pegar um er ad rae8a medaltal margra meaelinga er talad um
medalgeislaskammt.

bversnid af samanpressudu bridsti Langsnid af samanpressudu brjdsti

0,5¢cm

Reiknilikan fyrir medalgeisiaskammt kirtilvefs

Mynd 1 Reiknilikan fyrir Gtreikning 4 medalgeislaskammti kirtilvefs.
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Vid treikning 4 reiknistudlinum f hafa tvé mismunandi rimfrzedileg reiknilikén einkum
verid notud:

* Fastur pressuprystingur - j6fn brjéstapykkt (Firm Compression - Uniform
Breast Thickness)

* Midlungs pressuprystingur - breytileg brj6stapykkt (Moderate Compression
-Non-Uniform Breast Thickness).

Auk pess er greint 4 milli 168réttrar (craniocaudal) og laréttrar (mediolateral) geisla-
stefnu.

Nokkur séfn med pessum reiknistudlum eru til og { bessari rannsékn er studst vid s6fn
reiknistudla fr4 Servomaa og Tapiovaara® og Rosenstein og Andersen®. Hid fyrrnefnda
er nikveemar tutfert og greinir medal annars 4 milli mismunandi tegunda forsfa og
an6da, en safnid inniheldur adeins tolur fyrir 16drétta geislastefnu. Tolur fyrir 1arétta
geislastefnu eru hins vegar skrddar { safn Rosensteins og Andersens fyrir midlungs

pressuprysting.

Fyrir orkusvidid sem notad hefur verid { hépskoduninni, p.e. 26-30 kV med helmingunar-
gildid um 0,38 mm 4l, er hlutfallid 4 milli geislaskammts vid lirétta og 168rétta
geislastefnu um 1,15 6h4d tegund an6du, forsfu eda kirtilvefsinnihaldi brj6sts. Astedan
fyrir auknum geislaskammti vid larétta geislastefnu er aukin dreifigeislun frd likama
konunnar inn { brj6stid. Vid hépskodunina er ekki notud larétt geislastefna heldur
skistefna (mediolateral oblique). Skdstefnan veldur svipadri aukningu 4 dreifigeislun og
og larétt stefna og studullinn 1,15 pvi notadur.

Med tilliti til ofangreinds var eftirfarandi reiknisadferd dkvedin:

1. Fyrir 160rétta geislastefnu eru studlar Servomaa og Tapiovaara fyrir miSlungs
pressuprysting notadir. Geislaskammturinn verdur einnig reiknadur 1it fyrir fastan
pressuprysting samkveemt studlum Rosenstein og Andersen.

2. Pegar um er ad raeda skéstefnu eru notadir studlar Servomaa og Tapiovaara fyrir
midlungs pressuprysting, 168rétta geislastefnu og studulinn pvi margfaldadur med
1,15.

Vegna bess ad tokugogn frd hverri rannsékn (hvada teeki var notad, kV, mAs, pykkt
brjéstsins o.fl.) eru geymdar 4 tolvuformi hja Krabbameinsfélaginu var 4kvedid ad titbtia
forrit sem tekur pau og reiknar it geislaskammta samkveemt adferdinni ad ofan. Vi®
pennan ftreikning purfa einnig ad vera til stadar { minni tolvunnar nidurstédur
eftirfarandi malinga:
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1. Jénun { lofti sem fall af straumtima (mAs) 4 4kvednum stad { rontgensvidinu,
meelt fyrir 611 hdspennugildi og tegundir sfa.

2. Helmingunargildid (HVL) { 4li mzelt vid hvert héaspennugildi og siu.

3. Haspenna rontgentaekisins.

2.1  Framkvemd mealinga.
J6nun { lofti sem fall af straumtima.

Jonun { lofti ("exposure”) er skilgreind sem heildarhledsla jona af einni gerd (+ eda -)
sem myndast vegna jénandi geislunar { hverri massaeiningu lofts. SI-einingin er
Coulomb/kg (C/kg). Mlirinn sem var notadur { pessari rannsékn syndi niurstddur
R (rontgen) og er 1R = 2,58x10™ C/kg.

f stad jonunar f lofti er algengt ad gefa upp pa orku fr4 jénandi geislun sem hver
massaeining geislads lofts tekur { sig ("air kerma"), og er einingin Joule/kg eda Gy.

Vid mealingarnar var notadur Radcal-melir med 10X-6M jénunarhylki sem er sérhannad
fyrir melingar { mammégraffu. Teekid er med kvordun fra verksmidjunni og var
kvordunin préfud 4rid 1990 { sambandi vid evrépska samanburdarmeelingu 4 vegum PTB
(Physikalisch-Technische Bundesanstalt i Pyskalandi)®. Samanburdarmelingarnir sem
voru fyrir geislamala sem notadir eru { rontgengreiningu, syndu ad Radcal-meelirinn er
med mjog flata svorun m.t.t. mismunandi hdspennu og forsfu, og ad fravik fra réttu gildi
er mjog 1itid eda innan vid 3% 4 6llu melisvidinu.

Vid melingarnar var jénunarhylkid stadsett nedan vid pressupldtu rontgentaekisins, sja
mynd 2. Mzlt var vid t6lf mismunandi mAs-stillingar (5-250 mAs) og gerdar tvaer eda
prjar mzelingar fyrir hverja stillingu. Sambandinu 4 milli mAs og litgangsgeislunar er Iyst
med pridjugradu marglidu. 11j6s kom a0 611 teekin voru med mjog linulega ttgangsgeislun
m.t.t. mAs, pannig ad einnargrddu marglida hefdi verid nzgileg. Samt sem 4dur var
4kvedid ad hafa pridjugrddu marglibu vid ttreikningana { forritinu sem reiknar 1t
geislaskammta, pannig ad engar breytingar pyrfti ad gera fyrir gogn frd tekjum med
6linulega ttgangsgeislun. Nidurstodur eru birtar { vidauka 1.




Rdntgeniampi

—

Pressuplata ﬁ

Vidmidunarfiarleg frd Jénunarhylki
fimuhaldara

Rafeindamaslir|

Mynd 2 Meling 4 j6nun { lofti.
Helmingunargildi (HVL).

Upphaflega var dkvedid ad framkveema mzelingarnar vid tvo misstor geislasvid og deetla
HVL med linulegri briun fr4 pessum tveimur geislasvidum ad nillsvidi. I 1j6s kom ad
munurinn 4 HVL eftir stzerd geislasvids var vel innan 6vissumarka maelinganna. Briiunin
var bvi ekki gerd og HVL einungis maelt fyrir eina staerd geislasvids, sem er { samreemi
vi0 rddleggingar geislavarnastofnanna 4 Nordurléndunum®,

Rontgenlampi

&

Rafeindamaeslir

Geislasvidsafmarkari — —

— otur
Pressuplata -_-—Aﬂm

Geislasvidsafmarkart _—— —

—[]
[ —
Jénunarhylkd Rafeindamaeslir

Filmuhaldari

Mynd 3 Mazling 4 helmingunargildi.
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Meliuppstillingin er synd 4 mynd 3. Notadur var 38 mm st6r geislasvidsafmarkari og
99,99+ % hreint 4l fr4 Goodfellows Inc. { Englandi. Pykkt dlplatnanna var 4kvedin med
pvi ad vikta paer. J6nunin var mald med Radcal-mali med 10X-6M jénunarhylki, og var
svorun jénunarhylkis leidrétt m.t.t. aukinnar medalorku geislunar pegar 4l var sett i
geislasvidid. Til a8 fylgjast med breytileika { itgangsgeislun rontgentaekisins var notadur
Capintec-melir med 0,6 ml jénunarhylki. Medaltal af bremur maelingum var notad fyrir
hverja 4lpykkt. Til ad lysa sambandinu milli dlpykktar og ttgangsgeislunar var notud
nélgun med annarrargradu marglidu og HVL reiknad 1t fr4 henni. Nidurst6dur eru birtar
{ t6flu 1 og 1 vidauka 2.

Tafla 1 Helmingunargildi (mm 4l)

Farandtakid
Héspenna Reykjavikur- Akureyrar-
(kVp) takid Molybdensia  Palladiumsia  takid
2% 0,33 0,37 038 0,33
27 035 0,38 041 0,34
28 0,36 0,38 0,42 0,35
29 0,36 0,38 0,43 0,35
30 0,37 0,39 0,44 0,36

Haspenna.

Fré upphafi starfsemi rontgendeildar K.I. 4rid 1985 hafa tvaer adferdir verid notadar til
ad mela hispennu réntgentekjanna. Taekjunum fylgir melir frd framleidanda sem
tengist "feedback"-lykkju { hdspennustyringu peirra og er hann kvardadur i verksmidjunni.
P4 hefur verid notadur meelir fréd fyrirteekinu RMI, sem melir hdspennuna 1t frd orku
rontgengeislans sjalfs. Pessum malum ber ekki saman, en skekkjan er linuleg. Margar
skraningar eru til 4 gildum maldum med RMI-malinum, og syna par ad hispennan er
mjog stodug. Sveiflusjdrmyndir syna ad hdspennan er mjog st6dug og ristiminn stuttur,
10-30 ms og spennuformid sem neest hreinu DC-formi. Digi-X-mzlir Geislavarna rikisins
er med kvorbun fyrir mammégrafiutaeki og ber honum saman vid melinn frd
framleidanda. Nidurst6dur melinga med Digi-X eru lagdar til grundvallar i 6llum
geislaskammtaitreikningum.



22 Tolvuvinnsla.

Tékugogn fra hverri myndatéku { hépskoduninni eru geymd sem oryggisafrit 4 ASCII
formi 1 télvum rontgentaekjanna. f 1j6s kom a8 tolvuskrérnar voru verulega galladar.
Gagnasofnunarforritid { t6lvum rontgentaekjanna var greinilega gallad og vinnubrégdum
vi0 pad dbébtavant.

1 fyrsta lagi hafdi greinilega oft verid slokkt 4 tolvunum f lok vinnudags 4n pess ad fara
rétt ad. Petta hafdi i for med sér ad alls konar rugl kom inn { textaskrirnar og 6mégulegt
var a lesa peer 4n sérstakra rd8stafana. Gert var sérstakt forrit sem skipti skranum nidur
{ hluta, tindi ruglid 1t og setti sidan skrarnar saman ad nyju.

[ 66ru lagi hofdu oft verid tekin fleiri en eitt dryggisafrit af sému gognum og pvi margar
feerslur endurteknar, sem purfti ad finna og eyda.

Fleiri galla m4 nefna:

* Tolustafi vantadi { kennitdlur, og var sérstakt forrit 1tbdid til ad laga peer.
Kennit6lur voru medal annars notadar til ad kanna aldursdreifingu geisla-
skammtanna.

* Ekki var hagt ad nota gildin { svidinu fyrir mAs.

* Forritid t6k ekki vid geislunartimum sem voru lengri en 1000 ms. Sem betur fer
voru lika { skrdnum nidurstddur fra geislamelingu sem rontgentzekid gerir fyrir
hverja myndatoku, og var haegt ad dkvarda geislunartimann 1t fr4 henni.

* Villutilkynningar réntgentakisins voru skrifadar inn { skrirnar, sem er mjog
6heppilegt.

Pegar biiid var ad laga skrdrnar var beim breytt { skrar fyrir PARADOX gagnagrunns-
kerfi, og 6ll 4framhaldandi Grvinnsla var unnin { pvi.

Eins og 46ur hefur komid fram burfa taeknilegar upplysingar fyrir hvert teki, p.4.m.
jénun { lofti 4 dkvednum stad { rontgensvidinu og helmingunargildid, ad liggja fyrir svo
haegt sé ad reikna 1t geislaskammta. Pessar upplysingar eru geymdar i ASCII textaskram
og lesnar inn { minni tolvunnar pegar geislaskammtar eru reiknadir fit.
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Til vibétar purfa reiknistudlar fra jénun { lofti vid yfirbord brjéstsins til geislaskammts
kirtilvefs a$ vera til stadar. Med forriti sem notar linulega briun { t6flum tr studlasafni
Servomaa og Tapiovaara® eru bunar til sérstakar téflur fyrir hvert rontgentaeki. Paer eru
sidan skrifadar inn { lok 48urnefndra upplysingaskrda. Skrarnar eru syndar { vidauka 3.

Pascal-forrit sem reiknar 1t geislaskammta er birt { vidauka 4. Hluta af pessu forriti er
haegt ad tengja gagnaséfnunarforriti rontgentaekjanna og f4 pannig sjilfvirka ttreikninga
og birtingu geislaskammts 4 skj4 vid hverja myndatoku.




3. Nidurstodur.

31 Nidurstédur fra einstokum taekjum.

Prja rontgentzeki hafa adallega verid notud vid hépskodun 4 brjéstum kvenna. Eitt 4
rontgendeild K.I. i Skégarhlid 8, Reykjavik, eitt farandtaeki sem flutt hefur verid um
landid og eitt 4 FjorSungssjikrahasinu 4 Akureyri. Medalgeislaskammtar { t6flunum hér
4 eftir eru reiknadir Gt samkvaemt stuSlum Servomaa og Tapiovaara®. Itarlegar
nidurstédur, par sem medal annars eru reiknadir it medalgeislaskammtar samkvaemt
studlum Rosenstein og Andersen®, eru birtar { vidauka 5. Télvugdgnin hafa einnig gefid
teekifaeri til ad kanna marga adra paetti, og er demum um bad lyst { vidauka 6.

Rontgentzkid i Reykjavik.
Takid er med molybdenan6du, molybdenforsiu og hreyfanlega dreifigeislasiu. Fost

dreifigeislasfa var 4 tekinu 48ur en nedangreindar malingar héfust. Medalgeisla-
skammtar og adrar upplysingar eru synd i t6flu 2.

Tafla 2. Nidurstddur fra Reykjavikurtaeki, september 1990 - april 1992.
Fjoldi Medalgeisla-  Stadalfravik Hasti
skrddra skammtur malinga geisla-
Ar myndataka (mGy) (mGy) skammtur (mGy)
1990 4491 1,4 0,6 8,4
1991 17838 1,3 0,7 84
1992 1456 1,2 0,6 44

Eins og sja ma { toflunni og 4 mynd 4 hefur geislaskammturinn lackkad litillega fra 1990.
Taekid hefur verid 6breytt allt timabilid, pannig ad leekkunin geeti t.d. 4tt reetur ad rekja
til vinnubragda rontgentecknanna. P6 er ekki haegt ad benda dkvedid 4 neinn sérstakan
patt. Raett er ndnar um betta { vidauka 6.
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Dreifing geislaskammtanna fyrir allt timabilid, p.e. september 1990 - april 1992, er synd
4 mynd 5. Dreifingin er deemigerd, og svipud fyrir 61l taekin. Geislaskammturinn sem fall

af brj6stapykkt er syndur 4 mynd 6.

Medalgeistaskammtur (mGy)

1.14

1 T T T T T T T 1] T T T T T T T T T T T T
0980 1190 0191 0391 0591 0791 0991 1191 0192 0392
1080 1280 0291 0491 0691 0891 1091 1291 0292 0492
Ménudur/Ar

Mynd 4 Préun medalgeislaskammta fyrir Reykjavikurtakid, september 1990 - april 1992.
Pinktarnir 4 ferlinum syna medalgeislaskammt kirtilvefs hvers mé4nadar.

9000
Medalgeisiaskammtur: 1,3 mGy
80001 Stadalfravik : 0,7 mGy
7000+
o 60001
x
5
3§ 5000
c
g
— 40004
kel
0,
& 3000
2000
1000
0 P i L i e S
051152253354455556657 758859
Geislaskammtur (mGy)
Mynd 5§ Dreifing medalgeislaskammta kirtilvefs fyrir Reykjavikurtekid, september 1990 -

april 1992,
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Medalgeislaskammtur kirtilvefs (mGy)

T T T

5 20 25 3 3 40 45 50 55 60 65
Brj6stapykkt (mm)

Mynd 6 Medalgeislaskammtar sem fall af brj6stapykkt fyrir Reykjavikurtzkid, september
1990 -april 1992. Punktalinur syna + /- 1 stadalfravik.

Farandrontgentakid.

Petta rontgentaeki er frdbrugdid hinum ad bvf leyti ad haegt er ad velja 4 milli tvenns
konar forsfa, molybdenum og palladfum. Auk bess er taki® med wolframan6du. A midju
4ri 1991 var taekinu breytt, pbannig ad { stad upprunalegrar fastrar dreifigeislasfu var sett
hreyfisia. Petta haf6i { for med sér verulega laekkun 4 geislaskammti eins og gloggt mé4
sjd 4 mynd 7 og { toflu 3.

24

2.2

n
h

-
@
N

Medalgeislaskammtur (mGy)
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0190 0390 0530 0890 1190 0291 0791 0991 0192
0290 0490 0690 1090 0131 0391 0891 1091
Ménudur/Ar

Mynd 7 Préun medalgeislaskammta fyrir farandtzkid, 1990 - 1992.
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Tafla 3. Nidurstodur fra farandrontgentzki, janGar 1989 - mars 1992.
Fjoldi Medalgeisla-  Stadalfravik Hasti
skradra skammtur malinga geisla-
Ar myndataka (mGy) (mGy) skammtur (mGy)
1989 12795 1,9 0,7 78
1990 5773 2,0 0,7 6,7
1991, fyrir breytingu 2994 19 06 54
1991, eftir breytingu 2162 1,0 0,4 39
1992 524 1,0 0,4 29

Rontgentaekid 4 Akureyri.

Tackid 4 Akureyri er med molybdenan6du, molybdenforsiu, og fastri dreifigeislasfu.
Tolvan sem er tengd vid teekid geymir ekki dagsetningu og tima pegar slokkt er 4 henni,
og parf pvi ad sl4 slikt inn { hvert skipti sem kveikt er 4 t6lvunni. Pad hefur ekki verid
gert, og pvi er ekki hagt ad rekja geislaskammta til einstakra 4ra eins og 4 hinum
teekjunum. Hins vegar hafa engar breytingar verid gerdar 4 takinu sidan pad var tekid
{ notkun. Medalgeislaskammtur og adrar upplysingar fyrir 4rin 1990-1992 eru syndar {
toflu 4.

Tafla 4. Nidurstodur frd Akureyrartzki, 1990 - 1992.
Fjoldi Medalgeisla-  Stadalfravik Hesti

skrafira skammtur mzlinga geisla-
myndataka (mGy) (mGy) skammtur (mGy)

2854 2,1 0,8 57
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Eins og sjd m4 er geislaskammturinn mun heerri en { hinum taekjunum, sem stafar fyrst
og fremst af pvi ad pad er med O0ruvisi dreifigeislasiu. Um er ad rada fasta
dreifigeislasfu par sem milliefnid er 4l, en hin taekin eru med hreyfisfu par sem milliefnid
er pappir. Ekki er haegt ad f4 fasta dreifigeislasiu med pappir sem milliefni.

3.2  Heildargeislaskammtar.

Med pvi ad margfalda medalgeislaskammt fyrir hvert 4r og taki med heildarfjélda
kvenna sem rannsakadar voru er hagt ad d=tla medalgeislaskammt og heildargeisla-
skammt vegna hépskoSunarinnar. Vid hverja rannsékn eru teknar fjérar myndir, tver af
hvoru brjésti, pannig a8 geislaskammtur 4 hverja konu verdur tvéfaldur medalgeisla-
skammtur, Nidurst6dur fyrir 4rin 1990 og 1991 eru syndar { t6flu S.

Tafla 5. Fjoldi ranns6kna, me8al- og heildargeislaskammtar, 1990 og 1991.

Medal-
Fjoldi ranns6kna geisla- Heildar-
skammtur geisla-
4 ranns6kn skammtur
Reykjavik Farandtzkid  Akureyri (mGy) (Gy)

1990 9077 4110 559 32 442
1991, fyrir breytingu 2317 946 278 3,0 10,8
4 farandtzkinu
1991, eftir breytingu 6599 3338 708 2,6 26,8
4 farandtakinu

Med vissum fyrirvorum um heildarfjélda rannsékna er haegt ad d=tla geislaskammt fyrir
4rid 1992. Farandrontgentaekinu var breytt i &4gist 1991 og malingar syna ad
geislaskammturinn vard svipadur og i Reykjavikurtekinu. Ef reiknad er med ad
helmingur af rannséknum 4rsins 4 bessu taeki hafi verid gerdar fyrir breytinguna, ad
engar breytingar verdi gerdar 4 taekinu 4 Akureyri og ad fjoldi ranns6kna verdi sami og
1991, verdur medalgeislaskammtur 4 rannsékn 2,6 mGy og heildargeislaskammtur um 37
Gy. Med bvi ad setja hreyfisfu 4 taekid 4 Akureyri mun geislaskammturinn laekka um 2
Gy, svo haegt er ad reikna med ad 4drlegur geislaskammtur vegna hépskodunar hér 4 landi
muni verda um 35 Gy eda 2,5 mGy 4 rannsékn.
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4. Umrae0a.

4.1  Ovissa { mzlingum.

Til pess ad meta skekkjumoérk { geislaskammtameelingum barf ad meta 6vissuna {
melingum 4 jénun { lofti og { reiknistudlinum sem notadur er til ad reikna frd jénun {
lofti 4 yfirbordi brj6sts til medalgeislaskammts kirtilvefs.

Ovissa { malingum 4 jénun { lofti 4 vidmidunarstad { rontgensvidinu er innan vid 4%.
Hér er reiknad med 5 mm 6vissu { stadsetningu jénunarhylkis, sem leidir af sér 2,5%
6vissu I meelingum midad vid 395 mm fékus-nema-fjarleegd, og 3% 6vissu { svorun
jénunarhylkis.

Ovissan { reiknistudlinum er h4d eftirfarandi pttum:

* Ovissu { haspennu réntgentzkisins. Hin er innan vid 1,5 kVp og leidir af sér 0,03
mGy/R 6vissu { reiknistudlinum.

* Ovissu { helmingunargildinu. Hana er mjég erfitt ad meta, en midad vid grein eftir
Wagner et. al.® er reiknad med ad hiin sé innan vid 7%, sem leidir af sér 0,09
mGy/R 6vissu { reiknistudlinum.

* Ovissu 1 kirtilvefsinnihaldi brjésts. Vid geislaskammtattreikninga hafa verid
notadir studlar fyrir 50% kirtilvefsinnihald. Ef reiknad er med ad medalkirtil-
vefsinnihald brjésta fslenskra kvenna sé 4 bilinu 40-60%, leidir pad til 0,08
mGy/R 6vissu i reiknistudlinum.

* Ovissu { brjéstapykkt sem er + /- S mm. Hiin hefur hins vegar einnig 4hrif 4 gildi
fyrir jénun { lofti vid yfirbordi brjésts, og verka pessir peettir hvor 4 m6ti 63rum.
Ef mald brjéstabykkt er minni en { raun b4 er reiknud jénun vid yfirbord brjésts
einnig minni en { raun. Hins vegar verdur valinn reiknistudull of har. Petta snyst
vid ef brj6stapykktin melist steerra en hin er. Med pvi ad reikna 1t
geislaskammta fyrir mismunandi pykk brjést en med sama geislunartima hefur
komid { 1j6s ad 5 mm breyting { brj6stapykkt leidir af sér 7% breytingu 4
geislaskammti. Petta samsvarar 0,11 mGy/R 6vissu { reiknistudlinum.
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Heildar6vissan i reiknistudlinum er pvi 0,17 mGy/R og med 4% 6vissu i jénun { lofti vid
yfirbord brjosts verdur évissa geislaskammtaitreikninga 11%. Pegar geislaskammtur er
metinn fyrir stadlad brjést, p.e. vid notkun plexiglers og 50% kirtilvefshlutfall, hverfur
badi 6vissan vegna brj6stapykktar og kirtilvefshlutfalls og évissan { reiknistudlinum
verdur pvi 0,09 mGy/R eda 6% 6vissa 1 geislaskammti.

Sem daemi md taka medalgeislaskammt fyrir taekid { Reykjavik 4rid 1992. Hann er 1,2
mGy, med 0,1 mGy évissu. Ef midad er vid stadlad brjost (sja kafla 4.2) verdur
geislaskammturinn 1,1 mGy, med 0,1 mGy Gvissu.

4.2 Samanburdur vid adrar rannséknir.

I pessum hluta verda nidurstd8urnar bornar saman vid sambzrilegar erlendar rannséknir
og vidmidanir vardandi geislaskammta vid brjéstamyndatdkur.

Geislaskammtur midad vid 45 mm plexigler.
Til vidmidunar og til ad bera saman mismunandi tekni og tacki 4 milli stada og landa
er 45 mm plexigler notad sem likan af brjésti med 50% fitu og 50% kirtilvefsinnihald.

Nidurstodur fyrir tekin 4 Islandi eru syndar 1 toflu 6.

Tafla 6. Nidurstodur vid geislun 4 45 mm plexigler, 163rétt geislastcfna.

Medal- Medal- Geisla-
geisla- geisla- skammtur
Haéspenna/ Geislunar- skammtur skammtur vid yfirbor8
straumur timi kirtilvefs kirtilvefs brjosts
Taki (kV/mA) (ms) (mGy)® (mGy)® (mGy)®
Reykjavik 28/75 430 1,1 1,2 6,3
Farandtaki, molybden 28/85 690 1,1 1,1 5,5
Akureyri 28/55 1290 23 2,4 13,1

(a) Samkvaemt Servomaa og Tapiovaara®
(b) Samkveemt Rosenstein og Andersen®
(¢) Geislaskammtur midad vid vodva, innifalid dreifigeislun, vid yfirbord brjésts.
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Geislavarnastofnanir 4 Nordurlondunum mela med ad ofangreindir medalgeislaskammt-
ar kirtilvefs séu minni en 1,4 mGy®. Greinilegt er pvi ad Akureyrartekid liggur ofan

peirra marka.

Evrépubandalagid malir med ad geislaskammtur vid yfirbord stadlads brjésts 4n
notkunar dreifigeislasiu s€ minni en 10 mGy®, sem er mun herri en pad sem
geislavarnastofnanir 4 Nordurlondum mida vid. Heilbrigdisrdduneytid i Bretlandi
(Department of Health and Social Security) hefur sett sem vidmidun ad medalgeisla-
skammtur kirtilvefs fyrir stadlad brj6st sé minni en 3 mGy"”, og Bandariska geislavarna-
r46i0 (National Council of Radiation Protection) midar vis 4 mGy®. Oll fslensku taekin
sem notud eru vid hépskodunina eru pannig vel innan pessara marka.

Geislaskammtamslingar { Svibj6d og f Bretlandi.

Geislaskammtamaelingar hafa verid gerdar i Gautaborg { Svipj6d { sambandi vid
hépskodun par’®. Gerdar voru melingar 4 1350 konum og er reiknisadferdin mjog
svipud okkar, p.e. umreikningur fr jénun { lofti til medalgeislaskammts kirtilvefs med
notkun vidurkenndra studla. HVL var mzld 4n pressuplotu i geislasvidinu og nidurstadan
verdur pvi HVL=0,3 mm 4l (p.e. 0,06 mm minni en hj4 okkur, sem bydir u.p.b. 20%
laekkun 4 geislaskammti) og notadir voru studlar Rosensteins og Andersens. Medalgeisla-
skammtur 1 Gautaborg var 1,2 mGy med 0,5 mGy stadalfraviki og medalpykkt brjésta 50
mm. Gerd rontgentzkisins { Reykjavik er mjog svipud og takisins { Gauntaborg. Ef
notadur er sami reiknistudull (p.e. Rosenstein og Andersen fyrir HVL=0,32 mm, sja
vidauka 1) verdur medalgeislaskammtur fyrir Reykjavikurtekid 4rid 1992 1,1 mGy,
stadalfrdvik 0,6 mGy og medalpykkt brjosta er 45 mm, sji vidauka 5. Munurinn (0,1
mGy) stafar af mismunandi pykkt brjésta, svo nidurstodurnar eru mjog svipadar.

Melingar 4 plexigleri hafa verid gerdar { Bretlandi 4 stérum hluta beirra rontgentzkja
sem notud eru vid hépskodun®, Adferdin vid ad meta geislaskammt er hins vegar
talsvert frabrugdin okkar og er notadur geislunartimi midad vid 40 mm plexigler en
reiknistudla fyrir 45 mm brjést. Mlingarnar syna ad geislaskammtar stadlads brjosts eru
4 bilinu 0,7-2,6 mGy og 1,3 mGy er medaltal fyrir 6ll taekin sem rannséknin nadi til.
Sama reiknisadferd gefur 0,8 mGy fyrir Reykjavikurtzkid og 1,8 mGy fyrir
Akureyrartaekid.
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43  Ahatta vegna geislunar

I eftirfarandi umfjéllun er adeins fjallad um einn patt af mérgum sem hafa 4hrif 4 mat
4 heildargagnsemi hopskodunar vegna brjéstakrabbameins.

Pegar medalgeislaskammtur og fjéldi rannsékna 4 hverju 4ri eru pekktir, er haegt ad segja
eitthvad um 4heaettu { sambandi vid niverandi adferd. Mjog mikil 6vissa er p6 tengd
ttreikningum af pessu tagi, svo ad eftirfarandi nidurstddur syna frekar steerdargradur en
nikveem téluleg gildi.

Margar rannséknir hafa verid gerdar til ad skilgreina dhaettu af jénandi geislun 4 brjést.
Vitad er, ad hdum geislaskommtum fylgir aukin dheztta 4 myndun krabbameins {
brjéstum sem og 6drum liffeerum. Pegar notad er svokallad linulegt reiknilikan (p.e.
linulegt samband 4 milli dhaettu og geislaskammits), gefa rannséknir svipadar nidurstddur,
p.e. 2-8 umframkrabbamein per 10.000 konur per 4r per Gy. Ekki er sannad ad lagir
geislaskammtar valdi aukinni dheettu. Vid dhaettudtreikninga er p6 reiknad med linulegu
sambandi, { samraemi vid radleggingar Alpj6dageislavarnarddsins (International
Commission of Radiation Protection, ICRP). Sidustu 4r hafa dhzattustudlar fyrir banveent

krabbamein vegna jénandi geislunar fari haekkandi fyrir adra likamshluta en brjost.

Ahzettustudlarnir sem hér verda notadir eru teknir tir sidustu skyrslu National Academy
of Sciences 1 Bandarikjunum, BEIR V@, sj4 téflu 7. Tolur pessarar skyrshu voru medal
annars notadar af Alpj6dageislavarnaradinu, { mati pess 4 dhxettu vegna jénandi
geislunar®®. BEIR V er sérsték ad bvi leyti ad hér kemur fram { fyrsta skipti leekkun

dhaettu 4 krabbameini 1 brjésti med tilliti til aldurs konunnar vid geislunina.

Tafla 7 Banven umframkrabbamein (excess
lifetime mortality) eftir 1 Gy rontgengeislun®®,

Aldur (4r) Banvan umframkrabba-
vid geislun mein per 10* konur

35 43

45 20

55 6

65 -
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Ahattustudlar BEIR V eru gefnir upp sem 4dhatta vegna banveens krabbameins. Hér 4
eftir eru pessir studlar tvifaldadir til bess ad baeta vid laknanlegu krabbameini, og er
pad samkvaemt adferdum Alpj6dageislavarnaradsins®* = ',

f toflu 8 er syndur 4zetladur fjéldi krabbameina sem myndast samkvaemt BEIR V pegar
medalgeislaskammtur er 2,0 og 2,5 mGy 4 rannsékn.

Tafla 8 Umframkrabbamein per 10* per Gy og per 10° rannséknir®.

Umframkrabbamein per

Umfram- 10° ranns6knir
Aldur krabbamein
vid geislun per 10° 2,0 mGy 4 2,5 mGy 4
(ar) per Gy rannsokn rannsokn
35-39 77 15 19
40 - 4 54 11 14
45 - 49 34 7 9
50 - 54 20 4 5
55-59 6

60 - - - -

Ef reiknad er med pvi ad 15.000 konur ad medaltali fari { krabbameinsleit 4 hverju 4ri
og ad 30 krabbamein ad medaltali greinist eingéngu vegna myndatokunnar, mi meta
hlutfall milli greindra krabbameina og geislamyndadra umframkrabbameina. Nidurst6dur

eru syndar { t6flu 9.

Tafla 9 Hlutfall milli greindra og geislamyndadra krabbameina.

Hlutfall milli greindra og
geislamyndadra krabbameina

Aldur Fjoldi

vid geislun Fjoldi greindra 2,0 mGy 4 2,5 mGy a
(ar) kvenna krabbameina  rannsékn ranns6kn
35-39 1000 2 130 100

40 - 44 2500 4 150 120

45 - 49 2500 4 230 180

50 - 54 2500 4 400 320
55-59 2500 4 1600 1300

60 - 4000 4 - ---
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Ef aldursdreifing kvenna { hopskoduninni er eins og { téflu 9, dheettustudlar eins og {
toflu 8 og medalgeislaskammtur 2,5 mGy 4 rannsékn, mé reikna med ad eitt
krabbameinstillfelli myndist ad medaltali 4 ellefu 4ra fresti. Ef geislaskammturinn er 2,0
mGy 4 rannsékn etti eitt krabbameinstilfelli ad myndast 4 fjértdn éra fresti. Midad vid
pessa nidurstodur hefur hépskodun med rontgenmyndatdku af brjéstum otviraett gildi og
bess meira sem konurnar eru eldri, sé eingdngu midad vid hlutfall greindra og
geislamyndadra krabbameina.
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5. Lokaord.

Mjog itarleg tittekt 4 h6pskoduninni frd geislavarnasjénarmidi hefur nd verid framkveemd.
Synt hefur veri® fram 4 ad haegt er ad halda geislaskommtum og par af leidandi dhaettu
vegna starfseminnar langt fyrir nedan alpj6dlegar vidmidanir.

Hins vegar er rétt ad benda 4 eftirfarandi:

1. Naudsynlegt er a8 skipta um dreifigeislasiu { taekinu 4 Akureyri ef atlunin er ad
halda 4fram hépskoSun med pvi teki. Tekid skal fram ad i vidmidunum
Nordurlandanna er einkum tekid fram ad notkun 4 fastri dreifigeislasfu er ekki
askileg 1 sambandi vid hépskodun® ™,

2. Naudsynlegt er ad geta fylgst n4id med getu myndgerdarkerfisins, p.e. dstandi
rontgentzkja og framkollunar. Gagnasofnunarforritid kemur { pvi sambandi ad
mjog g6dum notum. Pad er pvi mjog mikilvaegt ad tdlvan sé alltaf { notkun vid
myndatokur. Akvednar tregdu hefur geett hji starfsfolki vid ad nota gagna-
sofnunartélvurnar, en pad breytist vonandi pegar sést til hvers hagt er ad nota
gognin. Komid hefur { 1j6s, ad hnokrar eru 4 forritinu og er naudsynlegt ad
lagfaera p4. Auk bpess parf ad tryggja ad dagsetning og timi verdi alltaf feerd inn
i télvuna 4 Akureyri pegar kveikt er 4 henni.

Heegt er ad gera forritid enn betra og er hér bent 4 eftirfarandi:

* Lata forritid reikna 1t geislaskammta og birta nidurstodur 4 skja eftir hverja toku.

* Forritid gaeti metid hvort nota purfi svertuleidréttingu (density correction) {
upphafi hvers vinnudags.

Einnig er hagt a8 gera sérstakt forrit til ad fylgjast ndid med nokkrum pattum { notkun
rontgentaekjanna, svo sem geislaskommtum, pressuprystingi, notkun hispennu og
svertuleidréttingu, svo og breytingum 4 6llum pessum atridum. Forrit af pessu tagi yroi
6metanlegt hjdlpartaeki, vid dkvardanir sem varda gaedi heildarkerfisins. Nefna mé atridi
eins og val 4 filmuhylki og lj6sm6gnunarpynnu, vinnubrogd vid myndatdkuna, astand
tekjablinadar o.s.frv. Par sem mjog audvelt vaeri ad greina tilhneigingar einstakra breyta,
yrdi { mérgum tilfellum haegt ad gera leidréttingar 48ur en fravik yrdu marktak.
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Syningarforrit af pessu tagi hefur verid 1tbiid, og var lysing 4 pvi birt 4 syningarspjaldi
4 radstefnu 1 Pyskalandi, "Test Phantoms and Optimisation in Diagnostic Radiology and
Nuclear Medicine", og grein tengd syningarspjaldinu hefur verid sampykkt til birtingar
i "Radiation Protection Dosimetry". Lj6srit af greininni er birt { vidauka 7.

f vidauka 6 er fjallad um samspil pressuprystings, brjéstapykktar og hdspennu, en bessi
rannsokn hefur ekki leitt { 1j6s einfalt samhengi 4 milli pressuprystings og geislaskammts
pratt fyrir ad { sumum heimildum® ® komi fram ad 4hrif pressuprystings 4 geislaskammta
séu veruleg. Petta atridi parf ad kanna betur, med bvi t.d ad afla upplysinga um péttleika
brjosta. P4 er haegt a0 leidrétta geislaskammta med tilliti til hlutfalls fitu og kirtilvefs og
reyna ad finna dhrif pressuprystings 4 geislaskammta, med pvi ad bera saman brjést med
svipad kirtilvefshlutfall. Pressan getur valdid sarsauka, og liklegt er ad pressa umfram
eitthvert gildi skili litlu { myndgadum. Pad er pvi dhugavert ad finna pad svid
pressuprystings sem baedi skilar sem bestum myndgaedum og minnstum geislaskammti 4n
pess ad valda konum 6parfa 6paegindum. Sja ndnar i vidauka 6.
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Vidauki 1

Sambandid 4 milli mAs og mGy.



Reykjavik unit, 26 kV, 80 mA.
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26 kV, 95 mA, Molybdenium filtration.
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Farandrontgentzkid, molybden sfa. F6kus-Nema-Fjarleegd = 395 mm.




29 kV, 85 mA, Molybdenium filtration.
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Farandrontgentekid, molybden sfa. Fékus-Nema-Fjarlaegd = 395 mm.



26 kV, 95 mA, Palladium filtration.
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Farandrontgentaekid, palladium sfa. Fékus-Nema-Fjarlegd = 395 mm.



29 kV, 85 mA, Palladium filtration.
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mGy
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Akureyri unit, 26 kV, 55 mA.
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Rontgenteekid 4 Akureyri. Fékus-Nema-Fjarlagd = 392 mm.



Akureyri unit, 29 kV, 50 mA.
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Vidauki 2
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Reykjavik unit, 26 kV
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Reykjavik unit, 29 kV
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Rontgentxkid 1 Reykjavik. Molybden anéda og molybden sfa.




Relative output

Relative output

Relative output

26 kV, Molybdenium filtration, 38 mm collimator.
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Relative output

Relative output

29 kV, Molybdenium filtration, 38 mm collimator.
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Relative output

Relative output

Relative output

26 kV, Palladium filtration, 38 mm collimator.
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Relative output
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Akureyri unit, 26 kV, 55 mA.
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Akureyri unit, 29 kV.
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Vidauki 3

Teeknilegar tolvuskrar. Reiknistudlar hvers teekis.



DATA FOR THE REYKJAVIK UNIT.

50.9 = Tube - Filmholder - Distance {Line 3}
11.4 = lonization chamber - Filmholder - Distance

Molybdenum filtration:

X-ray tube X-ray tube HVL

voltage current
kv) (mA) (mm Al)
26 80 0.331 {Line 12}
27 80 0.350
28 s 0.358
29 70 0.364
30 70 0.372

X-ray tube Polygonian coefficients for mGy = mGy(mAs)

voltage — ---cmeeeemeeee e aas
(kv) a0 al a2 a3

26 0.087919681 0.182174558 5.141240195e-5 -1.271785384E-8 {Line 24)
27 0.027679375 0.211766228 1.776553063¢e-5 -5.52238201e-8
28 0.027196639 0.241505228 ~1.173970384E-5  4.325494324e-8
29 0.199638546 0.266733701 1.133109009€-5 -2.482934567E-8
30 0.176195146 0.298627763 -6.796498427E-6  3.476674092E-8

GLANDULAR TISSUE DOSE CONVERSION FACTORS: {Line 33>
Updated: 27-4-1992

X-ray tube Small Medium Large
voltage breast breast breast
(kv) (mGy/R) (mGy/R) (mGy/R)

26 2.1 1.75 1.34
27 2.22 1.84 1.42
28 2.27 1.90 1.46
29 2.32 1.94 1.50
30 2.38 2.00 1.55

26 1.9 1.46 1.1
27 2.01 1.53 1.17
28 2.06 1.56 1.21
29 2.1 1.57 1.25
30 2.17 1.60 1.28

26 1.78 1.29 0.95
27 1.87 1.37 1.01
28 1.93 1.41 1.04
29 1.97 1.44 1.07

30 2.03 1.49 1.10



DATA FOR THE TRANSPORTABLE UNIT.

51.0 = Tube - Filmholder - Distance {Line 3>
11.5 = Ionization chamber - Filmholder - Distance

Molybdenum filtration:

X-ray tube X-ray tube HVL
vol tage current
(kvp) (mA) (mm Al)
26 95 0.369 {Line 12
27 90 0.375
28 85 0.379
29 85 0.384
30 80 0.391

Parameters from a cubic regression of kerma in air
X-ray tube as a function of current time product (mGy = mGy(mAs)).

voltage — ~=---mmme e
(kvp) a0 al a2 a3
26 0.350086032 0.091036759 2.625311352e-5 -7.88887499e-8 {Line 24)
27 0.349578731 0.100644345 1.970317991e-5 -6.174253511e-8
28 0.34693044 0.108631207 3.085259054e-5 -9.106073502e-8

29 0.341174497 0.118486644 1.680114251e-5 -4.940417438e-8
30 0.359273641 0.127499991 1.791069531e-5 -6.016161902e-8

GLANDULAR TISSUE DOSE CONVERSION FACTORS: {Line 33)
Updated: 27-4-1992

X-ray tube Smal l Medium Large
voltage breast breast breast
(kvp) (mGy/R) (mGy/R) (mGy/R)

26 2.30 1.92 1.49
27 2.34 1.96 1.52
28 2.38 1.99 1.55
29 2.42 2.03 1.58
30 2.46 2.07 1.61

26 2.10 1.63 1.23
27 2.14 1.67 1.26
28 2.17 1.70 1.29
29 2.21 1.73 1.32
30 2.25 1.7 1.35

26 1.96 1.43 1.06
27 2.00 1.47 1.09
28 2.03 1.49 1.1
29 2.06 1.53 1.13

30 2.10 1.56 1.16




DATA FOR THE TRANSPORTABLE UNIT.

51.0 = Tube - Filmholder - Distance {Line 3}
11.5 = Ionization chamber - Filmholder - Distance

palladium filtration:

X-ray tube X-ray tube HVL

voltage current
(kv) (mA) (mm AL)
26 95 0.384 {Line 12}
27 90 0.405
28 85 0.418
29 85 0.432
30 80 0.437

X-ray tube Polygonian coefficients for mGy = mGy(mAs)

voltage  ==-==-=--ccecccmcecceccccececmcececccccccete et
kv) a0 al a2 a3
26 0.657124297 0.15048848 1.918838605e-5 -3.668107182e-8 {Line 24}
27 0.689963356 0.170555972 9.5033058%e-6 -2.155862532¢-8
28 0.675028361 0.189244443 -5.563616957e-6 4.494941691e-8
29 0.729769405 0.206954804 -4.329223199e-6 2.878729475e-8

30 0.764943667 0.223425397 ~2.693777087e-6  4.547063961e-8

GLANDULAR TISSUE DOSE CONVERSION FACTORS: {Line 33>
Updated: 27-4-1992

X-ray tube Small Medium Large
vol tage breast breast breast
(kv) (mGy/R) (mGy/R) (mGy/R)

26 2.59 2.24 1.77
27 2.72 2.36 1.88
28 2.81 2.45 1.95
29 2.90 2.54 2.03
30 2.95 2.59 2.08

26 2.40 1.93 1.49
27 2.52 2.04 1.58
28 2.61 2.12 1.65
29 2.70 2.21 1.72
30 2.75 2.25 1.76

26 2.26 1.72 1.30
27 2.38 1.83 1.39
28 2.47 1.91 1.45
29 2.56 1.98 1.51

30 2.60 2.03 1.55



DATA FOR THE AKUREYRI UNIT.

51.6 = Tube - Filmholder - Distance {Line 3>
12.4 = lonization chamber - Filmholder - Distance

Molybdenum filtration:

X-ray tube X-ray tube HVL
voltage current
kv) (mA) (mm Al)
26 55 0.323 {Line 12>
27 55 0.336
28 55 0.346
29 50 0.353
30 50 0.364
X-ray tube Polygonian coefficients for mGy = mGy(mAs)
voltage  ---m-emem e
kv) a0 al a2 a3
26 0.005483274 0.188152426 -2.78372933€-6 3.1120764%4e-8 {Line 24}

27 0.038836754 0.210339448 5.459669271E-5 -2.170380897-7
28 0.031445598 0.238120842 3.996434096e-5 -1.718898219€-7
29 0.108534258 0.263764679 8.516234393€-5 -2.863375339E-7
30 0.087906333 0.296855179 4.82041547€-5 -1.318007237e-7

GLANDULAR TISSUE DOSE CONVERSION FACTORS: {Line 33}
Updated: 27-4-1992

X-ray tube Small Medium Large
voltage breast breast breast
(kv) (mGy/R) (mGy/R) (mGy/R)

26 2.07 1.7 1.3
27 2.15 1.78 1.38
28 2.22 1.85 1.43
29 2.26 1.89 1.46
30 2.34 1.96 1.52

26 1.87 1.43 1.08
27 1.95 1.47 1.14
28 2.01 1.51 1.18
29 2.06 1.54 1.21
30 2.13 1.58 1.26

26 1.74 1.26 0.93
27 1.81 1.32 0.98
28 1.88 1.37 1.01
29 1.92 1.41 1.04

30 1.99 1.46 1.08



Vidauki 4

PASCAL forrit til ttreiknings 4 geislaskammti.



{SN+)
program CalcDose(i,o0);
uses crt, pxengine;

const
Table = 'PERSPEX'; {Name of table, without extension, for which the)
{dose calculation shall be performed)
type
x_ray_unit = array[1..4, 1..5] of record (array[unitnumber, kvpl}
mA: real;
a0, a1, a2, a3: real;
small, medium, large: array[1..3] of real;
end;
var

PxErr: integer;

Tbl1: TableHandle;

RecHandle: RecordHandle;

DoseHdl: array(1..3] of FieldHandle;
fld: array[1..7] of FieldHandle;
FldName: array[1..7] of string[10];
NRecs: RecordNumber;

mac: x_ray_unit;

lengd: array[1..4, 1..2]1 of real;
dose: array({1..3] of real;

UnitNr, kV: integer;

mm, mAs: real;

nr: integer;

streng: string;

procedure InitPdx; (Initializing Paradox access)
begin
PxErr := PXInit;
if PXErr <> PXSuccess then
writeln('Initializing: *,PXErrMsg(PxErr));
end; (InitPdx}

procedure ExitPdx; (End of Paradox access)
begin
PxErr := PXExit;
if PxErr <> PXSuccess then
writeln(PXErrMSG(PXErr))
else
writeln(’Engine terminated.');
end; (Exi tPdx}



procedure GetUnitData;
{Reads into memory the technical data from each x-ray unit)}
var

data: text;

i, j, k: integer;

nr: stringl1];

filename: stringf12];

tall: real;

begin
for i := 1 to 4 do begin {4 different units, counting)
str(i,nr); {transportable unit as 2, i.e.)
filename := 'UNIT' + nr + '.DAT'; {molybdenum and palladium filtration}
assign(data, filename);
reset(data);
for k := 1 to 2 do readln(data); {X-ray unit geometry}

for k := 1 to 2 do begin
read(data, lengdl[i, k1);
readln(data);

end;

close(data);

for J := 1 to 5 do begin (5 different high voltages)
assign(data, filename);
reset(data);
for k := 1 to j + 10 do readln(data);
read(data, tall, macli,jl.mA);
readln(data);
for k := 1 to 11 do readln(data);
read(data, tall, macli,bjl.a0, macli,jl.al, macli,jl.a2, mac(i,]jl.a3);
readln(data);
for k := 1 to 19 do readin(data);
read(data, tall, macli,bjl.small[1), macli,j].medium[1], mac[i,jl.largel[11);
readln(data);
for k := 1 to 7 do readln(data);
read(data, tall, mac[i,jl.small[2], mac[i,]].medium(2], macli,jl.largel2]);
readln(data);
for k := 1 to 7 do readln(data);
read(data, tall, mac[i,j].small[3], mac[i,j]l.medium(3], macli,jl.large[3]);
Close(data);

end;

end;
end; (GetUnitData)

Procedure OpenFile;
{Opening of Paradox file)
begin
PXErr := PXTblOpen(Table, Tbl1, 0, False);
if PxErr <> PXSuccess then
writeln('Opening of file: ', PXErrMSG(PXErr));
end; (OpenFile)



procedure CloseFile;
{Closing of the Paradox file)
begin
PXErr := PXTblClose(Tbl1);
if PxErr <> PXSuccess then
writeln('Closing of file: ',PXErrMsg(PxErr));
end; (CloseFile)

procedure NumberOfRec;
{Let variable NRecs contain the number of records of the table)
begin
PXErr := PXTbINRecs(Tbl1, NRecs);
if PxErr <> PXSuccess then
writeln('Number of Rec: ',PXErrMsg(PxErr));
end; {NumberOfRec)

procedure ReadRecFirst;
{Reads the first record of the table and searches for errors)
var
i: integer;
thickness, current, ms, filter: integer;
UnitCode: string;
mA, msec: real;
begin

PXErr := PXRecBufOpen(Tbl1, RecHandle);
if PxErr <> PXSuccess then
writeln('RecBufOpen: ',PXErrMsg(PxErr));

PxErr := PXRecFirst(tbl1);
if PxErr <> PXSuccess then
writeln('RecFirst1: ',PXErrMsg(PxErr));

PxErr := PXRecGet(Tbl1, RecHandle);
if PXErr <> PXSuccess then
writeln('RecFirst2: ',PXErrMsg(PxErr));

FldName[1] := 'Projection’;
FldName[2] := 'KV!;
FldName[3] := 'MA';
FldName[4] := 'Msec';
FldName[5] := 'Thickness’;
FldName (6] := 'Filter';
FldName[7] := 'UnitCode’;

for i := 1 to 7 do begin
PxErr := PXFldHandle(Tbl1, FldName(il, fld[il);
if PxErr <> PXSuccess then
writeln('Getting FieldHandle: ',PXErrMsg(PxErr));
end;



PxErr := PXGetAlpha(RecHandle, fld[1], streng);
if PxErr <> PXSuccess then
writeln('Getting Alpha/streng: !',PXErrMsg(PxErr));

PxErr := PXGetShort(RecHandle, fld[2], kV);
if PXErr <> PXSuccess then
writeln('Getting short/kV: ' ,PXErrMsg(PxErr));

PxErr := PXGetShort(RecHandle, fld[31, current);
if PxErr <> PXSuccess then
writeln('Getting short/current: ',PXErrMsg(PxErr));

PXErr := PXGetShort(RecHandle, fld[4], ms);
if PxErr <> PXSuccess then
writeln(*Getting short/ms: ',PXErrMsg(PxErr));

PXErr := PXGetShort(RecHandle, fld[5], thickness);
if PxErr <> PXSuccess then
writeln('Getting short/thickness: ',PXErrMsg(PxErr));

PXErr := PXGetShort(RecHandle, fld[6], Filter);
if PxErr <> PXSuccess then
writeln('Getting short/filter: ',PXErrMsg(PxErr));

PXErr := PXGetAlpha(RecHandle, fld[7], UnitCode);
if PXErr <> PXSuccess then
writeln('Getting alpha/unitcode: ',PXErrMsg(PxErr));

msec := ms;
mA := current;

mas := mA*msec/1000;
mm := thickness;

mm := mm/10;
kv := kv - 25; {kV is a counting variable}
if kv > 5 then kv := 5; {No data for kVp higher than 30}

if UnitCode = 'B' then begin (To decide which units variables to be used)
if Filter = 0 then

UnitNr := 2
else
UnitNr := 1;

end;

if UnitCode = 'A' then UnitNr := 3;

if UnitCode = 'C' then UnitNr := 4;
end; (ReadRecFirst)



Procedure ReadRecNext;
{Reading rest of table. No need for error checking}
var
i: integer;
thickness, current, ms, filter: integer;
UnitCode: string;
mA, msec: real;
begin
PXErr := PXRecNext(tbl1);
PxErr := PXRecGet(Tbl1, RecHandle);
PXErr := PXGetAlpha(RecHandle, fld[1], streng);
PxErr := PXGetShort(RecHandle, fld[2], kV);
PxErr := PXGetShort(RecHandle, fld[31, current);
PXErr := PXGetShort(RecHandle, fld[4], ms);
PxErr := PXGetShort(RecHandle, fld[5], thickness);
PxErr := PXGetShort(RecHandle, fld[6], Filter);
PxErr := PXGetAlpha(RecHandle, fld[71, UnitCode);

msec := ms;
mA := current;

mas := mA*msec/1000;
mm := thickness;

mm := mm/10;

kv := kv - 25;
if kv > 5 then kv := 5;

if UnitCode = 'B' then begin
if Filter = 0 then

UnitNr := 2
else
UnitNr := 1;

end;
if UnitCode = 'A' then UnitNr := 3;
if UnitCode = 'C' then UnitNr := 4;

end; (ReadRecNext)

procedure WriteRecFirst;
{Write dose information into file, first record with error checking}
var

i: integer;
begin

PXErr := PXFldHandle(Tbl1, 'Dosel10', Dosehdl[11);

if PxErr <> PXSuccess then

writeln(PXErrMsg(PxErr));

PXErr := PXFldHandle(Tbl1, 'Dose50', Dosehdl[2]);
if PXErr <> PXSuccess then
writeln(PXErrMsg(PxErr));

PXErr := PXFldHandle(Tbl1, 'Dose90', Dosehdl[3]1);
if PxErr <> PXSuccess then
writeln(PXErrMsg(PxErr));



for i := 1 to 3 do begin

PxErr := PXPutDoub(recHandle, DoseHdl[i], doselil);

if PxErr <> PXSuccess then

writeln('PutDouble of ', doselil,': *,PXErrMsg(PxErr));

end;
PxErr := PXRecUpdate(Tbl1, RecHandle);
if PXErr <> PXSuccess then

writeln('Update of record: ',PXErrMsg(PxErr));

end; (WriteRecFirst)

procedure WriteRec;
{MWriting rest of records. No error checking needed}
var
i: integer;
begin
for i := 1 to 3 do begin
PXErr := PXPutDoub(recHandle, DoseHdl[il, doselil);
end;
PxErr := PXRecUpdate(Tbl1, RecHandle);
end; (WriteRec)

procedure DoseCalc;
{Calculation of dose according to Servomaa and Tapiovaara)
var
kerma : real;
k: integer;
begin

kerma := mac[UnitNr, kvl.a0 + mAs*(mac [UnitNr, kv].al
+ mAs*(mac [UnitNr, kVl.a2 + mAs*mac[UnitNr, kv].a3));
{Kerma at reference point)

kerma := kerma*(((lengd[UnitNr, 11 - lengd[UnitNr, 2])*
(lengd[UnitNr, 11 - lengd[UnitNr, 21))/
(C(lengd[UnitNr, 11 - mm)*
(lengd[UnitNr, 11 - mm)));
{Kerma at breast entrance)

if mm <= 5.2 then begin (Medium to small size breast)
for k := 1 to 3 do begin
dose[k] := ((mac[UnitNr, kVl.medium{k] - mac[UnitNr, kvl.smalllkl)/1.7)*mm
+ ((5.2*mac[UnitNr, kvl.small[k] - 3.5*mac[UnitNr, kV].medium(kl)/1.7);
doselk] := dose[kl*kerma/8.77;
if copy(streng,1,3) = '0BL' then doselk] := doselkl*1.16;
{Correction according to Rosenstein. An increase of 16% of dose)
{from craniocaudal view}
end;



end else begin {Medium to large size breast}
for k := 1 to 3 do begin
dose[k] := ((mac[UnitNr, kvl.largelk]l - mac[UnitNr, kV].medium[k})/1.7)*mm
+ ((6.9*mac[UnitNr, kVl.medium[k]l - 5.2*mac[UnitNr, kVl.large[kl)/1.7);
dose[k] := dose[kl*kerma/8.77;
if ((copy(streng,1,3) = '0BL') or (copy(streng,1,3) = 'LAT')) then
dosel[k] := dosel(k]*1.16;
{Correction according to Rosenstein)
end;
end;
end; {DoseCalc)

OMIN PROGRAM)
begin
ClrSer;
nr := 0;
InitPdx;
GetUnitData;
OpenFile;
ReadRecFirst;
nr:=nr+ 1;
DoseCalc;
WriteRecFirst;
NumberoOfRec;
while nr <= (NRecs - 1) do begin
nro:=nr+1;
GoToXY(5,5);
writeln(nr);
ReadRecNext;
DoseCalc;
WriteRec;
end;
CloseFile;
ExitPdx;
end.(Main program}



Vidauki 5

Nidurstodur ur tolfraedilegri vdrvinnslu tolvugagna.



Utskyringar:

Mode:

View:

Size:

Mean dose:

Std. dose:
No. rec.:
Min:

Max:

Std. mm:
Force:

Std. force:
kvp:

Dens Corr:
Kerma:
Std. Kerma:
Firm:

Std. Firm:

Bara fyrir farandrontgentakid. Molybden- eda palladiumforsfur:

Both: Badi palladium og molybden.
High: High contrast. Molybdenforsia.
Low : Low dose. Palladiumforsia.
Geislastefna:

Both: Ba3i 168rétt og skastefna.
Crani: Craniocaudal. L6drétt.

Medio: Mediolateraloblique. Skastefna (45°).
Brjostapykkt:

Al Allar pykktir

XSmall: Minni en 24 mm

Small : 24 - 35 mm

Medium: 36 - 47 mm

Large : 48 - 60 mm

XLarge: Sterri en 60 mm

Medalgeislaskammtur skv. Servomaa og Tapiovaara, midlungs pressuprystingur -
6jofn brjostapykkt.

Stadalfravik geislaskammtadreifingar skv. Servomaa og Tapiovaara.
Fjoldi myndatakna.

Minnsti geislaskammtur skv. Servomaa og Tapiovaara.

Haesti geislaskammtur skv. Servomaa og Tapiovaara.
Medalbrj6stapykkt.

Stadalfravik brjéstapykktardreifingar.

Medalpressuprystingur.

Stadalfravik pressubrystingsdreifingar.

Medalhdspenna.

Medalsvertuleidrétting. 2°™ “° gefur hlutfallslega svertuleidréttingu.
Medalgeislaskammtur lofts 4 yfirbordi brjosts.

Stadalfravik fyrir dreifingu geislaskammts lofts.
Medalgeislaskammtur skv. Rosenstein og Andersen. Fastur pressuprystingur - jofn

brjéstapykkt.

Stadalfravik geislaskammtadreifingar skv. Rosenstein og Andersen.




Size

Large

Xtarge
i AlLL
i Xsmall
i Small
i Medium
i Large
i XLarge
Medio ALl
Medio XSmall
Small
Medio Medium
Large
Medio XLarge

Mean
dose

Std.
dose

.58

No.
rec.

-10

1.07
.07
.07
.10
.16
.26

1.07
.23
.23
37
.25
.95

1.57

Reykjavikurtakid 1990

2.4
10.1
2.5
3.3
3.5
3.1
2.4

3.0

Kerma

Std.
Kerma




Large
XLarge

i Atl

i Xsmall
i small
i Medium
i Large
i XLarge

ALl
XSmal t
Smal |
Medium
Large
XLarge

1.27
1.93
2.55

.58

.13
.27
41
.53
74
.72
.18
31
.45

.96

No.

Reykjavikurtazkid 1991

.15
.29
.42
.52
.70
.58

.29
.40
.48
.76




Large
XLarge

i ALL

i XSmall
i Small
i Medium
i Large
i XLarge

ALL
XSmall
Small
Medium
Large
XLarge

1.31
1.54
1.34

.81
1.18
1.63
2.1

Std.

.48

152
309
234

34
723

128
289
243

61

.51

.18

Reykjavikurtakid 1992

44.7
21.8
31.2
41.8
52.4
65.7
43.9
22.0
31.3
41.8
52.0
66.4
45.5
21.5
30.9
41.8
52.7
65.3

2.9
3.5
2.9
7.8
10.4
7
3.0
3.6
3.0
6.1

1.01
1.34
1.55
1.03
.68
.71
.95
1.29
1.36
1.17
.63

1.07
1.39
1.66




Large
XLarge

i ALl

i XSmall
i Small
i Medium
i Large
i XLarge

ALl
XSmall
Small
Medium
Large
XLarge

1.23
1.81
2.34
1.12

.51

.76
1.%
1.59
1.77
1.44

.61

.85
1.33
1.95
2.50

.32

.70

.57
.90

3172
5606
2369
167
12047
338
2584
4998
3559
568

.09

Reykjavikurtzkid september 1990 - aprfl 1992

4.4
4.3
3.9
4.4

std.
Kerma Kerma

5.91 3.54
1.84 90
3.04 1.34
5.39 2.07
9.21 2.99
13.47 5.03
5.39 3.10
1.79 82
3.07 1.35
5.35 2.08
8.80 3.09
11.62  4.61
6.41 3.85
1.89 98
2.99 1.32
5.43  2.06
9.48 2.90
14.02  5.03

1.19
1.63
1.91
1.15

.57

.83
1.19
1.57
1.61
1.27

.60

.81
1.20
1.67
1.99




Farandrontgentakid 1989

Mean Std. No. Std. Std. Dens Std. Std.
Mode View Size dose dose rec. Min Max mm mm Force force kvp Corr Kerma Kerma Firm Firm
Both Both ALl 1.85 .69 12795 .25 7.76 40.5 12.2 14.3 4.3 27.0 .24 7.37 3.52 1.76 .56
Both Both Xsmall 1.12 .34 1060 37 3.12 18.5 3.8 14.4 4.6 28.0 -.37  3.55 1.09 1.27 .36
Both Both Smatl 1.61 .45 3402 .25 4.68 30.4 3.3 14.3 4.5 27.8 =10 5.75  1.66 1.74 .47
Both Both Medium 1.82 .57 4733 30 5.77 414 3.4 14.3 4.1 26.8 .30 7.06 2.37 1.76 .58
Both Both Large 2.15 .60 2786 77 6.10  52.5 3.3 14.2 4.1 26.2 61 9.13 2.7 1.82 .52
Both Both XLarge 3.00 .87 814 1.13 7.76 64.9 4.8 14.1 3.9 26.0 .88 14.87 5.09 2.32 .64
Both Crani All 1.59 .53 6310 .25 6.10 37.6 10.7 13.6 4.2 27.0 .22 6,52 2.70 1.68 .53
Both Crani Xsmall 1.06 .30 622 37 2.16 185 3.8 13.8 4.6 28.0 -.36 3.55 1.07 1.27 .35
Both Crani Small 1.50 .42 2036 .25 4.40 30.4 3.3 13.6 4.4 27.8 .06 5.71 1.71 1.72 .48
Both Crani Medium 1.63 .47 2561 30 442 413 3.4 13.7 4.0 26.7 37 6.70 2.17 1.68 .54
Both Crani Large 1.92 .56 980 77 6.10 52.0 3.2 13.2 3.9 26.1 .71 8.83 2.80 1.78 .52
Both Crani XLarge 2.50 .75 1M1 117 5.87 63.3 3.4 12.9 4.2 26.0 .68 13.50 4.30 2.21 .66
Both Medio All 2.10 .74 6485 A7 7.76 433 13.0 15.0 4.2 26.9 .27 8.20 4.00 1.8 .59
Both Medio XSmall 1.22 .36 438 47 3.12 185 3.7 15.2 4.4 28.0 -.38 3.55 1.13 1.27 .37
Both Medio Small 1.76 .45 1366 .78 4.68 30.3 3.3 15.3 4.5 27.8 -.16 5.8 1.60 1.76 .45
Both Medio Medium 2.06 .60 2172 55 5.77  41.6 3.4 15.0 4.1 27.0 .22 7.48 2.52 1.86 .60
Both Medio Large 2.28 .59 1806 .93 5.47 52.8 3.4 14.8 4.1 26.2 55 930 2.70 1.85 .52
Both Medio XLarge 3.08 .87 703 1.13 7.76 65.2 5.0 14.3 3.8 26.0 91 15.09 5.17 2.34 .63
High Both All 1.77 .65 6225 37 5.7 319 8.8 14.3 4.4 28.0 .17 6.65 2.95 1.86 .60
High Both XSmall 1.12 .34 1048 37 3.12 18.4 3.8 14.4 4.6 28.0 -.38 3.56 1.10 1.27 .36
High Both Small 1.64 .45 3042 .58 4.68 30.2 3.3 14.2 4.5 28.0 -.18  5.91 1.66 1.79 .47
High Both Medium 2.18 .59 1897 .68 5.7 39.8 3.2 14.4 4.1 28.0 -.06 8.69 2.46 2.21 .56
High Both Large 2.92 .70 228 1.49 5.27 50.7 2.7 14.0 3.9 28.0 .00 13.05 3.24 2.67 .63
High Both XLarge 3.3 .13 10 2.36 4.75 61.7 1.9 12.7 3.2 28.0 30 19.47 4.03 3.27 .63
High Crani All 1.57 .53 3246 37 4.42 30.4 7.8 13.6 4.3 28.0 =17 6.16 2.5t 1.79 .57
High Crani XSmall 1.06 .30 612 37 2.16 18.4 3.8 13.8 4.6 28.0 -.38 3.56 1.07 1.28 .35
High Crani Small 1.54 .42 1781 .58 4.40 30.1 3.3 13.6 4.3 28.0 -.16 5.90 1.70 1.78 .48
High Crani Medium 1.96 .50 827 68 4.42 391 2.9 13.6 4.1 28.0 -.03 8.41 2.34 2.18 .55
High Crani Large 2.52 .67 26 1.49 3.79 51.0 3.4 12.7 4.8 27.9 -.15 12.90 3.86 2.61 .69
High Crani XLarge 0.00 0.00 0 100.00 0.00 0.0 0.0 0.0 0.0 0.0 0.00 0.00 0.00 0.00 0.00
High Medio All 1.99 .71 2979 47 5.75 33.6 9.4 15.0 4.3 28.0 =17 7.18  3.28 1.94 .63
High Medio XSmatl 1.21 .36 436 .47 3.12  18.5 3.8 15.1 4.4 28.0 -39 3.55 1.13  1.27 .37
High Medio Small 1.78 .45 1261 .78 4.68 30.2 3.3 15.2 4.5 28.0 -.22 5.93 1.60 1.79 .45
High Medio Medium 2.346 .60 1070 1.16 5.75 40.4 3.3 15.0 4.0 28.0 -.08 8.91 2.49 2.24 .56
High Medio Large 2.97 .69 202 1.49 5.27 50.6 2.6 14.2 3.8 28.0 .02 13.07 3.16 2.68 .62
High Medio XLarge 3.3 .13 10 2.36 4.75 61.7 1.9 12.7 3.2 28.0 .30 19.47 4.03 3.27 .63
Low Both ALl 1.93 .71 6570 .25 7.76 48.6 9.1 14.3 4.1 26.0 .63 8.06 3.87 1.67 .51
Low Both XSmall 1.02 .32 12 .48  1.86  20.8 1.8 14.8 7.0 26.0 .67 3.1 .84 1.10 .29
Low Both Small 1.30 .28 360 .25 2.08 32.2 2.7 14.9 4.7 26.1 57 4.4 .88  1.31 .25
Low Both Medium 1.57 .41 2836 .30 5.77  42.5 3.1 14.2 4.1 26.0 540 5.97 1.56 1.46 .35
Low Both Large 2.09 .54 2558 77 6.10  52.7 3.3 14.3 4.1 26.0 66 8.78 2.41 1.75 .44
Low Both XLarge 2.99 .87 804 1.13 7.76 65.0 4.9 1% .1 3.9 26.0 .89 14.82 5.07 2.31 .63
Low Crani All 1.62 .52 3064 .25 6.10 45.2 7.5 13.5 4.0 26.0 62 6.90 2.8 1.56 .45
Low Crani XSmall 93 .19 10 .48 1.15  20.7 1.9 13.5 6.9 26.0 .70 2.93 .60 1.06 .21
Low Crani Small 1.23 .25 255 25 2.00 32.2 2.8 14.1 4.6 26.1 .58 4.34 91 1.29 .26

Low Crani Medium 1.47 .36 1734 30 4.04  42.3 3.1 13.7 4.0 26.0 56 5.88 1.51 1.45 .35
Low Crani Large 1.91 .55 954 77 6.10  52.0 3.2 13.2 3.9 26.0 73 8.72 2.68 1.75 .49
Low Crani XLarge 2.50 .75 111 1.17 5.87 63.3 3.4 12.9 4.2 26.0 .68 13.50 4.30 2.21 .66
Low Medio AlL 2.20 .75 3506 55 7.76  51.6 9.3 14.9 4.1  26.0 .66 907 4.33 1.77 .53
Low Medio XSmall 1.47 .56 2 1.07 1.8 21.0 1.4 21.5 -7 26.0 .50 4.02 1.58 1.41 .53
Low Medio Small 1.49 .25 105 1.03 2.08 32.2 2.6 16.6 4.6 26.0 54 4.59 .78  1.37 .23
Low Medio Medium 1.76 .43 1102 S5 5.77  42.8 3.1 15.1 4.3 26.0 50 6.10 1.62 1.48 .36
Low Medio Large 2.19 .51 1604 .93 5.47 53.0 3.3 14.9 4.1  26.0 .62 8.82 2.23 1.75 .40

Low Medio XLarge 3.07 .86 693 1.13 7.76 65.2 5.0 14.3 3.8 26.0 .92 15.03 5.16 2.33 .63



Farandrontgentakid 1990

Mean Std. No. Std. std. Dens Std. Std.
Mode View Size dose dose rec. Min Max mm mm Force force kVp Corr Kerma Kerma Firm Firm
Both Both All 1.97 .66 5773 .23 6.65 42.8 12.5 14.3 4.0 26.6 .68 7.93 359 1.8 .56
Both Both XSmall 1.29 .40 380 .40 2.86 17.9 3.6 12.9 3.8 27.8 58  4.02  1.34  1.45 .45
Both Both Small 1.81 .52 1197 .62 4,26 30.3 3.3 14.2 4.0 27.6 .60 6.38 1.99 1.93 .57
Both Both Medium 1.83 .55 2116 .81 5.71 41.8 3.4 14.3 4.1 26.4 .69 7.00 2.26 1.7 .57
Both Both Large 2.4 .54 1567 .23 6.50 52.6 3.3 14.7 4.0 26.0 71 9.09 2.44 1.81 44
Both Both XLarge 2.93 .75 513 46 6.65 64.9 5.0 14.2 3.9 26.0 .80 14.75 4.88 2.30 .55
Both Crani All 1.76 .56 2810 .23 6.50 40.6 11.5 13.5 4.0 26.7 67 7.36 3.13  1.79 .57
Both Crani XSmall 1.23 .40 224 .40 2.8 18.0 3.7 12.6 3.8 27.8 59 4.09 1.42 1.48 .48
Both Crani Small 1.72 .51 655 .62 3.95 30.4 3.3 13.7 4.0 27.6 .60  6.47 2.11 1.95 .60
Both Crani Medium 1.68 .47 1149 .81 4.30 41.7 3.4 13.7 4.0 26.3 .69 6.83 2.11 1.70 .55
Both Crani Large 1.95 .50 659 .23 6.50 52.3 3.3 13.6 4.0 26.0 .71 B8.94 2.58 1.79 .46
Both Crani XLarge 2.64 .79 123 .46 5.23  63.6 4.6 12.8 3.9 26.0 .82 14.51 5.40 2.32 .67
Both Medio ALl 2.17 .69 2963 .27 6.65 45.0 13.0 15.0 4.0 26.6 .68 8.47 3.89 1.87 .55
Both Medio XSmall 1.36 .40 156 .52 2.57 17.8 3.6 13.4 3.8 27.8 .58 3.93 1.23 1.42 .41
Both Medio Small 1.92 .52 542 97 4.26 30.2 3.3 14.7 4.0 27.6 .60 6.27 1.84 1.90 .53
Both Medio Medium 2.01 .59 967 .88 5.71 42.0 3.4 15.0 4.1 26.5 .68 7.20 2.41 1.78 .60
Both Medio Large 2.28 .52 908 .27  5.27 52.9 3.4 15.5 3.7 26.0 71 9.20 2.33 1.83 .43
Both Medio XLarge 3.02 .7 390 1.60 6.65 65.3 5.1 14.7 3.8 26.0 W79 14.82 4.71 2,29 .50
High Both All 1.95 .69 1732 .40 5.71 30.2 8.2 13.8 3.9 28.0 .52 7.15 3.01 2.08 .68
High Both XSmall 1.31 .40 341 .40 2.8 18.0 3.6 13.1 3.9 28.0 540 4,12 1.34 1,48 45
High Both Small 1.91 .51 935 62 4.26 29.9 3.3 13.9 4.0 28.0 52 6.83 1.94 2.07 .55
High Both Medium 2.48 .70 433  1.01 5.71 39.3 3.2 14.2 3.9 28.0 .52 9.81 2.82 2,53 .68
High Both Large 3.22 .83 22 1.78 4.77 50.4 3.1 14.0 3.8 28.0 41 14.70 3.86 3.02 .72
High Both XLarge 3.60 0.00 1 3.60 3.60 61.0 0.0 13.0 0.0 28.0 1.00 21.26 0.00 3.63 0.00
High Crani All 1.81 .62 896 400 4,30 29.4 7.9 13.2 3.9 28.0 .53 7.06 2.90 2.09 .68
High Crani XSmall 1.26 .40 199 40 2.8 18.1 3.6 12.7 3.9 28.0 546 421 1.42 1,51 48
High Crani Small 1.84 .50 502 .62 3.95 30.1 3.3 13.4 3.8 28.0 .51 7.03 2.02 2.12 .57
High Crani Medium 2.29 .63 187 1.11 4.30 38.5 2.8 13.2 4.0 28.0 55 9.74  2.77  2.55 .70
High Crani Large 2.71 .85 7 1.78 4.11 52.0 3.8 1.7 4.3 28.0 43 14,10 4.85 2.79 .85
High Crani XLarge 3.60 0.00 1 3.60 3.60 61.0 0.0 13.0 0.0 28.0 1.00 21.26 0.00 3.63 0.00
High Medio ALl 2.10 .73 836 52 5.717 3141 8.5 14.5 3.9 28.0 51 7.27 3.12 2.08 .67
High Medio XSmall 1.37 .40 142 .52 2.57 17.8 3.6 13.7 3.8 28.0 54 3.99  1.23  1.46 .41
High Medio Small 2.00 .52 433  1.00 4.26 29.7 3.3 14.5 4.0 28.0 .52 6.61 1.83 2.01 .52
High Medio Medium 2.62 .71 246 1.01 5.71 40.0 3.3 15.0 3.7 28.0 49 9.87  2.87  2.51 .67
High Medio Large 3.45 .73 15 2.37 4.77 49.7 2.5 15.1 3.1 28.0 40 1498 3.47 3.13 .65
High Medio XLarge 0.00 0.00 0 100.00 0.00 0.0 0.0 0.0 0.0 0.0 0.00 0.00 0.00 0.00 0.00
Low Both All 1.98 .65 4041 23 6.65 48.3 9.8 14.5 4.0 26.0 .75 8.26 3.76 1.72 .46
Low Both Xsmall 1.13 .36 39 49 2,46 171 4.1 11.5 2.6 26.4 .97 3.20 1.03 1.20 .38
Low Both Small 1.44 .36 262 75 2.68 31.7 3.1 15.1 4.2 26.1 90 4.76 1.16 1.42 .33
Low Both Medium 1.66 .35 1683 .81 3.05 42.5 3.1 14.3 4.1  26.0 73 6.27 1.346 1.54 .30
Low Both Large 2.13 .52 1545 .23 6.50 52.6 3.3 14.7 4.0 26.0 .72 9.01 2.32 1.80 .41
Low Both XLarge 2.93 .75 512 46 6.65  64.9 5.0 14.2 3.9 26.0 79 14.73 4.87 2.30 .54
Low Crani ALl 1.73 .53 1914 .23 6.50 45.9 8.9 13.7 4.0 26.0 T4 7.51 3.23 0 1.66 .45
Low Crani XSmall 1.06 .34 25 49 1.77  16.9 4.4 12.0 2.7 26.5 9 3.16 1.05 1.19 .38
Low Crani Small 1.32 .31 153 .75 2.68 31.5 3.2 14.7 4.2 26.1 .88 4.65 1.16 1.40 .32
tow Crani Medium 1.56 .32 962 .81 3.05 42.4 3.1 13.8 3.9 26.0 72 6.26 1.37 1.54 .3
Low Crani Large 1.94 .49 652 .23 6.50 52.3 3.3 13.6 4.0 26.0 .71 8.89 2.49 1.78 .44
Low Crani XLarge 2.64 .79 122 46 5.23  63.6 4.6 12.8 3.9 26.0 .82 14.45 5.39 2.31 .66
Low Medio ALl 2.20 .67 2127 .27 6.65 50.64 10.1 15.2 4.0 26.0 75 8.9 4.06 1.78 .47
Low Medio XSmall 1.25 .38 14 93 2.44  17.4 3.5 10.6 2.4 26.3 1.00 3.27 1.06 1.22 .37
Low Medio Smatll 1.60 .37 109 97  2.66 32.0 2.9 15.6 4.1 26.1 93 4.92 1.16 1.47 .34
Low Medio Medium 1.80 .35 721 .88 3.02 42.7 3.2 15.1 4.2 26.0 T4 6,29 131 1.54 .30
Low Medio Large 2.26 .50 893 .27 5.27 52.9 3.3 15.5 3.7 26.0 .72 9.10 2.18 1.80 .39

Low Medio XLarge 3.02 .71 390 1.60 6.65 65.3 5.1 14.7 3.8 26.0 79 14.82 471 2.29 .50



Farandrontgentakid 1991

Mean Std. No. std. std. Dens Std. Std.
Mode View Size dose dose rec. Min Max mm mm Force force kVp Corr Kerma Kerma Firm Firm
Both Both All 1.52 .66 5170 .23 5.35 41.6 12.0 14.4 4.6 26.7 .57 5.98 3.02 1.42 .56
Both Both XSmall 1.16 .49 344 .26 2.8 18.4 3.7 14.9 5.2 27.8 34 3.56 1.53 1.28 .54
Both Both Small 1.37 .56 1248 .23 3.35 30.3 3.3 14.5 5.0 27.3 400 475 1,93 1.45 .59
Both Both Medium 1.42 .58 1936 23 473 41.6 3.4 14.4 4.5 26.5 .58 5.41 2.18 1.35 .53
Both Both Large 1.72 .64 1307 .40  5.07 52.5 3.4 14.3 4.1 26.1 72 7.28 2.73  1.45 .52
Both Both XLarge 2.28 .88 335 .78 5.35 64.5 4.1 14.5 4.2 26.0 .80 11.26 4.50 1.79 .67
Both Crani All 1.32 .56 2546 23 4.72 39.3 10.9 13.4 4.5 26.7 57 5.42 2.64 1.36 .56
Both Crani XSmall 1.06 .45 198 26 2.51 18.3 3.6 14.2 5.1 27.8 36 3.51 1.5 1.27 .54
Both Crani Small 1.25 .51 704 .23 3.35 30.3 3.3 13.7 4.8 27.3 41 462 1,93 1.40 .59
Both Crani Medium 1.28 .51 1045 23 4.72 41.4 3.4 13.3 4.3 26.4 61 5.19 2.12 1.30 .52
Both Crani Large 1.52 .59 536 40 4.03 52.0 3.2 12.9 4.2 26.1 73 7.00 2.81 1.41 .54
Both Crani XLarge 2.01 .82 63 .78 4.08 63.1 3.1 13.6 4.5 26.0 .87 10.86 4.50 1.78 .72
Both Medio All 1.71 .70 2624 .25 5.35 43.7 12.6 15.4 4.4 26.6 .58 6.52 3.27 1.48 .57
Both Medio XSmall 1.26 .51 146 .25 2.8 18.7 3.7 16.0 5.2 27.9 31 3.62 1.52 1.29 .53
Both Medio Small 1.53 .58 544 .32 3.25 30.2 3.3 15.5 4.9 27.4 39 493 1,93 1.50 .58
Both Medio Medium 1.59 .61 891 48 473 41.8 3.4 15.7 4.4  26.6 .56 5.66 2.23 1.41 .54
Both Medio Large 1.85 .64 ™m .42 5.07 52.9 3.4 15.3 3.8 26.1 .72 7.48 2.66 1.48 .50
Both Medio XLarge 2.34 .89 272 .80 5.35 64.8 4.3 14.7 4.1 26.1 79 11.35 0 451 1.79 .66
High Both ALl 1.36 .62 1699 23 472 31.6 9.4 13.6 4.5 28.0 .18 4.92  2.40 1.43 .65
High Both XSmall 1.13 .50 317 .26 2.8 18.2 3.7 14.5 4.8 28.0 .29 3.53  1.57 1.27 .55
High Both Small 1.40 .62 823 .23 3.35 29.6 3.3 13.5 4.3 28.0 21 4.94 2,16 1.51 .65
High Both Medium 1.38 .70 477 23 4.72  40.3 3.2 13.4 4.3 28.0 .08 5.52 2.77 1.40 .70
High Both Large 1.31 .50 74 .66 3.44 50.8 2.8 12.8 5.4 28.0 .04 6.09 2.36 1.26 .47
High Both XLarge 1.8 .22 8 1.53 2.29 64.4 5.0 12.8 5.5 28.0 0.00 10.33 1.33 1.64 .16
High Crani ALl 1.21 .57 883 .23 4.72 30.7 9.1 12.4 4.3 28.0 19 473 237 1.40 .66
High Crani XSmalt 1.05 .47 178 .26 2.517 18.0 3.6 13.6 4.5 28.0 .30 3.50 1.60 1.27 .57
High Crani Small 1.28 .57 449 .23 3.35 29.5 3.3 12.5 4.0 28.0 21 4.8 2.16  1.48 .66
High Crani Medium 1.22 .64 224 23 4.72 40.0 3.1 11.7 4.5 28.0 .07 5.28 2.8 1.35 .M
High Crani Large 1.7 .51 31 .66 2.93 51.3 2.8 9.7 4.7 28.0 .06 S5.97 2.70 1.21 .52
High Crani XLarge 1.53 0.00 1 1.53 1.53 64.0 0.0 9.0 0.0 28.0 0.00 9.50 0.00 1.53 0.00
High Medio AlL 1.47 .65 816 .25 4.16  32.5 9.7 14.8 4.3 28.0 A7 5,12 2,42 1.46 0 64
High Medio XSmall 1.22 .51 139 .25 2.8 18.6 3.7 15.6 4.9 28.0 .27 3.57 1.5 1.28 .53
High Medio Small 1.53 .65 374 32 3.25 29.6 3.4 14.6 4.3 28.0 21 5.06 2.16 1.55 .65
High Medio Medium 1.51 .7 253 .60  4.16 40.6 3.3 14.8 3.6 28.0 .09 5.73 2.69 1.45 .68
High Medio Large 1.41 .48 43 .78 3.44 50.4 2.8 14.9 4.8 28.0 .02 6.18 2.12 1.27 .43
High Medio XLarge 1.90 .19 7 1.7 2.29 64.4 5.3 13.3 5.8 28.0 0.00 10.45 1.39 1.65 .17
Low Both All 1.61 .66 3471 .30 5.35 46.4 9.8 14.8 4.5 26.0 77 6.50 3.16 1.42 .52
Low Both XSmatl 1.28 .31 27 .61 1.85 21.0 2.3 20.5 6.7 26.1 93 3.8 .80 1.36 .27
Low Both Small 1.33 .42 425 52 2.76  31.6 2.9 16.4 5.6 26.0 .78 4.39 1.33 1.32 .39
Low Both Medium 1.44 .53 1459 30 4.73 42.0 3.4 14.7 4.5 26.0 75 5.37  1.95  1.33 .47
Low Both Large 1.7 .64 1233 .40 5.07  52.6 3.4 14.4 4.0 26.0 76 7.35 2.73 1.47 .52
Low Both XLarge 2.29 .89 327 .78 5.35 64.5 4.1 14.5 4.2 26.0 .82 11.28 4.55 1.79 .68
Low Crani All 1.38 .54 1663 .30 4.60  43.9 8.7 13.9 4.5 26.0 7 5.79  2.69  1.34 .49
Low Crani XSmall 1.14 .22 20 .61 1.50 21.0 2.3 19.4 7.0 26.1 .90 3.59 76 1,27 L2
Low Crani Small 1.20 .38 255 52 2.41 31.7 3.0 15.6 5.4 26.0 77 422 1.35  1.27 .40
Low Crani Medium 1.30 .46 821 30 4.60 41.8 3.4 13.7 4.1 26.0 .75 5.16 1.88 1.28 .45
Ltow Crani Large 1.55 .59 505 40 4.03  52.1 3.3 13.1 4.1 26.0 77 7.06 2.81 1.42 .54
Low Crani XLarge 2.02 .83 62 .78 4.08 63.1 3.1 13.7 4.5 26.0 .89 10.88 4.53 1.79 .72
Low Medio ALl 1.82 .69 1808 42 5.35 48.8 10.2 15.7 4.4 26.0 7 715 3,40 1,49 53
Low Medio XSmall 1.68 .16 7 1.39 1.8 21.0 2.4 23.6 5.1 26.0 1.00 4.59 A6 1.62 0 .16
Low Medio Small 1.52 .41 170 .68 2.76 31.4 2.8 17.5 5.6 26.0 79 4.63 1.26 1.39 .37
Low Medio Medium 1.62 .56 638 48 4T3 42.2 3.3 16.0 4.7 26.0 75 5.63 2.01 1.39 .48

Low Medio Large 1.88 .64 728 .42 5.07 53.0 3.4 15.3 3.7 26.0 76 7.56 2.67 1.50 .51
Low Medio XLarge 2.36 .89 265 .80 5.35 64.9 4.3 14.7 4.1 26.0 .81 11.37 4.56 1.80 .67



Farandrontgentzkid jantar - maf 1991

Mean Std. No. Std. Std. Dens Std. Std.
Mode View Size dose dose rec. Min Max mm mm Force force kVp Corr Kerma Kerma Firm Firm
Both Both ALl 1.87 .61 3007 .60 5.35 40.1 12.2 14.4 4.9 26.6 S50 7.22 3.07 175 .48
Both Both XSmatil 1.35 .38 253 .61 2.86 18.3 3.7 14.9 5.7 27.8 460 4,200 1.23 1.51 .42
Both Both Small 1.66 .44 841 .63 3.35 30.1 3.3 14.6 5.3 27.2 S1 0 5.72 157 .76 47
Both Both Medium 1.79 .52 1072 .60 4.73 41.4 3.5 14.2 4.9 263 .57 6.72 2.06 1.68 .48
Both Both Large 2.18 .50 675 .83 5.07 52.5 3.3 14.2 4.0 26.0 57 9.20 2.19 1.8 .39
Both Both XLarge 2.96 .68 166 .83 5.35 4.4 3.7 14.1 4.2 26.0 64 14,52 3,67 2.32 .50
Both Crani All 1.64 .49 1468 60 4.72 379 114 13.2 4.6 26.6 56 6.63 2.62 1.69 .48
Both Crani XSmall 1.26 .36 145 .61  2.51 18.0 3.7 14.1 5.6 27.7 .50 4.15  1.27  1.50 .44
Both Crani Small 1.53 .40 454 .63 3.35 30.1 3.3 13.6 5.2 27.2 .50 5.64 1.60 1.72 .48
Both Crani Medium 1.62 .45 564 60 4.72  41.2 3.5 12.8 4.3 26.2 .56 6.50 2.01 1.63 .47
Both Crani Large 1.96 .43 276 .83 4.03 52.1 3.2 12.8 3.7 26.0 .58 8.98 2.21 1.81 .39
Both Crani XLarge 2.68 .69 29 .83 4.08 63.3 2.6 12.9 4.5 26.0 .69 14.48 3.76 2.37 .58
Both Medio All 2.08 .63 1539 .66 5.35 42,1 12.7 15.5 4.8 26.5 .55 7.78 3.35 1.81 .48
Both Medio XSmatll 1.47 .38 108 .66 2.8 18.6 3.8 16.0 5.7 27.9 42 427 1,17 1,53 .39
Both Medio Smalt 1.81 .43 387 .97 3.25 30.1 3.3 15.7 5.2 27.2 51 5.81 1.56 1.77 .45
Both Medio Medium 1.98 .52 508 .83 473 417 3.5 15.7 5.1 26.3 .58 6.96 2.05 1.73 .49
Both Medio Large 2.33 .49 399 1.28 5.07 52.8 3.4 15.2 4.0 26.0 56 9.36 2.17 1.86 .39
Both Medio XLarge 3.02 .66 137 1.15 5.35 64.7 3.8 14.3 4.1 26.0 .64 14.53 3.67 2.30 .48
High Both ALl 1.77 .54 861 .66 4.72 27.9 7.8 13.3 4.5 28.0 .34 6.28 2.30 1.91 .52
High Both XSmall 1.36 .39 226 .66 2.8 18.0 3.8 14.2 5.2 28.0 41 425 1.27 1.53 .43
High Both sSmall 1.81 .43 495 87 3.35 29.2 3.2 13.1 4.2 28.0 35 6.37 1,51 1.96 .43
High Both Medium 2.30 .58 137 1.40 4.72 39.2 3.0 13.0 4.2 28.0 23 9011 2,45 235 54
High Both Large 2.98 .44 3 2.57 3.4 513 2.5 12.3 11.2 28.0 33 14446 1.28 2.92 .25
High Both XLarge 0.00 0.00 0 100.00 0.00 0.0 0.0 0.0 0.0 0.0 0.00 0.00 0.00 0.00 0.00
High Crani All 1.63 .49 450 67 472 27.4 7.8 12.2 4.2 28.0 36 6.14 2.31 1.89 .54
High Crani XSmall 1.28 .38 125 67 2.51 17.6 3.7 13.3 4.8 28.0 430 426 132 1.54 .45
High Crani Small 1.68 .39 260 .87 3.35 29.1 3.1 12.0 3.8 28.0 36 6.32 1.56  1.95 .45
High Crani Medium 2.07 .58 63 1.40 4.72 39.0 2.8 1.1 4.2 28.0 .21 8.89 2.80 2.30 .62
High Creni Large 2.75 .26 2 2.57 2.93 52.5 2.1 6.0 2.8 28.0 .50 14.31 1.79 2.8 .27
Righ Crani XLarge 0.00 0.00 0 100.00 0.00 0.0 0.0 0.0 0.0 0.0 0.00 0.00 0.00 0.00 0.00
High Medio ALl 1.93 .55 411 .66 4.16 28.5 7.7 14.6 4.5 28.0 33 6.43 2,28 1.94 .51
High Medio XSmall 1.46 .39 101 .66 2.8 18.4 3.8 15.4 5.4 28.0 .38 4.25 1.20 1.53 .40
High Medio Small 1.95 .42 235 111 3.25  29.4 3.4 14.3 4.3 28.0 330 6,43 1,46 1.97 L4
High Medio Medium 2.49 .50 7% 1.56 4.16 39.3 3.1 14.6 3.5 28.0 .26 930 2.12  2.39 .47
High Medio Large 3.44 0.00 1 3.44 3.44 49.0 0.0 25.0 0.0 28.0 0.00 14.71 0.00 3.12 0.00
High Medio XLarge 0.00 0.00 0 100.00 0.00 0.0 0.0 0.0 0.0 0.0 0.00 0.00 0.00 0.00 0.00
Low Both All 1.91 .63 2146 .60 5.35 44.9 10.0 14.8 4.9 26.0 63 7.59 3.26 1.69 .45
Low Both XSmall 1.28 .31 27 .61 1.85 21.0 2.3 20.5 6.7 26.1 .93 3.8 .80 1.36 .27
Low Both Small 1.45 .35 346 .63 2.76 31.4 3.0 16.7 5.9 26.0 73 4,78 1.13 1.446 0 .33
Low Both Medium 171 .46 935 .60 473 41.7 3.5 14.4 4.9 26.0 .62 6.37  1.71 1.58 .39
Low Both Large 2.18 .50 672 .83 5.07 52.5 3.3 14.2 4.0 26.0 .57 9.18 2.17 1.83 .38
Low Both XLarge 2.96 .68 166 .83 5.35 64.4 3.7 14.1 4.2 26.0 .64 14,52 3.67 2.32 .50
Low Crani All 1.65 .49 1018 .60 4.60 42.6 9.0 13.6 4.7 26.0 .63 6.84 2.72 1.61 .42
Low Crani XSmall 1.4 .22 20 .61 1.50 21.0 2.3 19.4 7.0 26.1 .90 3.59 T4 1,27 2%
Low Crani Small 1.36 .32 194 .63 2.41 315 3.1 15.8 5.9 26.0 70 4.72 1.16 142 33
Low Crani Medium 1.56 .39 501 60 4.60 41.4 3.5 13.1 4.2 26.0 .61 6.20 1.66 1.55 .38
Low Crani Large 1.96 .43 274 .83 4.03 52.1 3.3 12.8 3.7 26.0 .58 8.94 2.16 1.80 .38
Low Crani XLarge 2.68 .69 29 .83 4.08 63.3 2.6 12.9 4.5 26.0 .69 14,48 3.76 2.37 .58
Low Medio All 2.4 .64 1128 .83 5.35 47.0 10.4 15.8 4.9 26.0 .63  8.27 3.54 1.77 .46
Low Medio XSmalt 1.68 .16 7 1.39 1.85 21.0 2.4 23.6 5.1 26.0 1.00 4.59 46 1.62 .16
Low Medio Small 1.60 .35 152 97 2.76 31.2 2.9 17.8 5.8 26.0 .78  4.86 1.11 1.47 .32
Low Medio Medium 1.89 .48 434 .83 4.73 421 3.4 15.9 5.2 26.0 .63 6.56 1.75 1.62 .40
Low Medio Large 2.33 .49 398 1.28 5.07 52.8 3.4 15.2 3.9 26.0 56 9.35 2.16 1.86 .38

Low Medio XLarge 3.02 .66 137 1.15 5.35 64.7 3.8 14.3 4.1 26.0 .64 14.53 3,67 2.30 .48



Farandrontgentakid juli - desember 1991

Mean Std. No. std. Std. Dens Std. Std.
Mode View Size dose dose rec. Min Max mm mm Force force kVp Corr Kerma Kerma Firm Firm
Both Both ALl 1.06 .36 2163 23 3.89 43.6 11.4 14.5 4.1 26.8 61 4.26 1.9 96 26
Both Both XSmatl 55 .14 91 24 .93 18.9 3.4 15.0 3.5 28.0 0.00 1.75 .46 63 15
Both Both Small 77 17 407 23 1.44 30.6 3.3 14.3 4.1 27.6 20 2.75 66 .83 18
Both Both Medium 97 .21 864 23 2.16 417 3.3 14.6 4.0 26.8 .60 3.78 .85 .94 .20
Both Both Large 1.22 .33 632 .40 3.89 52.6 3.5 14.4 4.2 26.2 .88 5.23 1.46 1.04 .26
Both Both XLarge 1.62 .44 169 .78 3.52 64.6 4.6 14.9 4.2 26.1 .96 8.05 2.48 1.27 .34
Both Crani ALl .89 .28 1078 .23 3.89 41.2 10.2 13.6 4.3 26.8 .60 3.78 1.55 91 .25
Both Crani XSmall 52 .12 53 .24 77 18.9 3.4 14.3 3.4 28.0 0.00 1.76 .42 .63 14
Both Crani Small 73 .16 250 .23 1.44  30.7 3.3 13.7 4.0 27.5 .25 2.76 .67 .83 .19
Both Crani Medium .89 .18 481 .23 1.89 41.6 3.2 13.8 4.2 26.7 .66 3.65 .82 91 .19
Both Crani Large 1.06 .31 260 .40 3.89 52.0 3.3 13.1 4.7 26.2 .88 4.90 1.59 99 .29
Both Crani XLarge 1.44 .38 34 .78  2.47 63.0 3.5 14.3 4.5 26.1 1.03 7.77 2.16 1.28 .34
Both Medio Alt 1.19 .38 1085 .25 3.52 46.1 1.9 15.4 3.6 26.7 .63 473 2.1 1.00 27
Both Medio XSmall 59 17 38 .25 .93 18.9 3.4 15.9 3.4 28.0 0.00 1.75 51 .62 .17
Both Medio Small .83 .17 157 .32 1.29 30.3 3.4 15.1 4.1 27.8 A1 274 .63 .83 .17
Both Medio Medium 1.08 .20 383 48 2.16 41,9 3.3 15.6 3.4 26.9 54 3.94 .87 97 .20
Both Medio Large 1.3 .29 372 .42 2.94 53.0 3.5 15.3 3.6 26.2 .88 5.46 1.31 1.08 .23
Both Medio XLarge 1.66 .44 135 .80 3.52 65.0 4.7 15.1 4.1 26.1 94 8.12 2.56 1.27 .34
High Both ALl .89 .31 838 .23 2.72 35.3 9.5 13.8 4.4 28.0 .01 3.52 1.55 93 .27
High Both XSmall .55 .14 91 .26 93 18.9 3.4 15.0 3.5 28.0 0.00 1.75 46 .63 .15
High Both Small 77 .18 328 .23 1.44  30.1 3.4 14.1 4.2 28.0 .01 2.78 .70 .84 .19
High Both Medium 1.01 .26 340 .23 2.16  40.7 3.2 13.5 4.4 28.0 .01 4,08 1.02 1.02 .24
High Both Large 1.26 .37 71 .66 2.72 50.8 2.8 12.8 5.2 28.0 .03 5.74 1.63 117 .32
High Both XLarge 1.8 .22 8 1.53 2.29 64.4 5.0 12.8 5.5 28.0 0.00 10.33 1.33 1.64 .16
High Crani All 79 24 433 .23 1.95 341 9.1 12.7 4.4 28.0 .01 3.26 1.30 .89 .25
High Crani XSmall .52 .12 53 .24 .77 18.9 3.4 14.3 3.4 28.0 0.00 1.76 .42 .63 .14
High Crani Small .73 .18 189 .23 1.44 30.2 3.4 13.3 4.2 28.0 .01 2.80 73 .85 .20
High Crani Medium .89 .23 161 .23 1.89  40.4 3.1 1.9 4.6 28.0 .01 3.87 1.02 .98 .25
High Crani Large 1.06 .29 29 .66 1.95 51.2 2.8 10.0 4.8 28.0 .03 5.40 1.55 1.09 .29
High Crani XLarge 1.53 0.00 1 1.53 1.53 64.0 0.0 9.0 0.0 28.0 0.00 9.50 0.00 1.53 0.00
High Medio All 1.01 .33 405 .25 2.72 36.6 9.9 15.0 4.0 28.0 .01 3.79 1.7 97 .29
High Medio XSmalt 59 .17 38 .25 .93 18.9 3.4 15.9 3.4 28.0 0.00 1.75 .51 .62 .17
High Medio Small .83 .18 139 32 1.29  29.9 3.3 15.1 4.2 28.0 0.00 2.75 .65 .83 .18
High Medio Medium 1.1 .24 179 60 2.16 411 3.3 14.9 3.6 28.0 .02 4.26 .99 1.06 .22
High Medio Large 1.36 .37 42 .78 2.72 50.5 2.8 14.7 4.6 28.0 .02 5.98 1.67 1.23 .33
High Medio XLarge 1.90 .19 7 1.764 2.29 64.4 5.3 13.3 5.8 28.0 0.00 10.45 1.39 1.65 .17
Low Both All 1.13 .36 1325 .30 3.89 48.9 9.0 14.9 3.8 26.0 99 473 1,97 .98 .25
Low Both XSmall 0.00 0.00 0 100.00 0.00 0.0 0.0 0.0 0.0 0.0 0.00 0.00 0.00 0.00 0.00
Low Both Small 7 .12 9 52 1.13  32.5 2.3 15.1 3.3 26.0 99 2.65 43 .78 .12
Low Both Medium 95 .17 524 30 1.61 42.4 3.1 15.2 3.5 26.0 .99 3.58 .66 .88 .14
Low Both Large 1.22 .32 561 .40 3.89 52.8 3.5 14.6 4.0 26.0 99 5.17 1.42 1.03 .25
Low Both XLarge 1.60 .44 161 .78 3.52 64.6 4.6 15.0 4.1 26.0 1.0t 7.93 2.47 1.26 .33
Low Crani All 96 .28 645 .30 3.89 45.9 7.9 14.3 4.1 26.0 .99 4.13  1.61 92 .2
Low Crani XSmall 0.00 0.00 0 100.00 0.00 0.0 0.0 0.0 0.0 0.0 0.00 0.00 0.00 0.00 0.00
Low Crani Small T4 12 61 52 1.07 32.3 2.4 15.0 3.3 26.0 1.00 2.64 44 .78 .12
Low Crani Medium .88 .15 320 30 1.30  42.2 3.1 14.7 3.7 26.0 .98  3.54 .67 87 .14
Low Crani Large 1.06 .32 231 .40 3.89 52.1 3.3 13.5 4.6 26.0 .98 4.84 1.58 97 .29
Low Crani XLarge 1.44 .38 33 .78 2.47 63.0 3.5 14.4 4.5 26.0 1.06 7.72 2.17 1.27 .34
Low Medio All 1.29 .36 680 .42 3.52 51.7 9.1 15.6 3.4 26.0 .99 5.29 2.11 1.04 .25
Low Medio XSmall 0.00 0.00 0 100.00 0.00 0.0 0.0 0.0 0.0 0.0 0.00 0.00 0.00 0.00 0.00
Low Medio Small .85 .12 18 .68 1.13 33.1 1.9 15.2 3.6 26.0 94 2.65 KA .78 .1
Low Medio Medium 1.06 .16 204 48 1.61 42.5 3.1 16.1 3.1 26.0 1.00 3.65 .63 .89 .13
Low Medio Large 1.34 .27 330 42 2.94 53.3 3.5 15.4 3.4 26.0 .99 5.40 1.26 1.06 .21

Low Medio XLarge 1.65 .45 128 .80 3.52 65.0 4.7 15.2 4.0 26.0 .99 7.99 2.55 1.25 .33



Farandrontgentzkid 1992

Mean Std. No. std. Std. Dens Std. Std.
Mode View Size dose dose rec. Min Max mm mm Force force kVp Corr Kerma Kerma Firm Firm
Both Both ALl 1.01 .38 524 32 2.92 39.5 11.6 12.1 5.2 26.9 52 3.96  1.81 96 .29
Both Both XSmall .58 .15 56 37 1.12 19.4 3.3 11.6 5.5 28.0 .02 1.81 .45 b4 14
Both Both Small 79 .23 127 32 1.46  30.1 3.3 10.7 5.4 27.5 22 2.76 .83 84 .23
Both Both Medium 1.03 .27 203 44 2,08 4101 3.2 12.8 4.9 26.8 .56 3.95 t.08 99 .26
Both Both Large 1.30 .34 118 .53 2.92 52.6 3.3 12.4 5.1 26.2 .92 5.57 1.45 111 .26
Both Both XLarge 1.70 .31 20 1.19 2.38 62.1 2.7 12.8 4.8 26.1 95 8.14 1.34 1.37 .20
Both Crani ALl .88 .3 262 32 2.44 385 11.3 10.4 4.8 26.9 51 3.68  1.62 91 .28
Both Crani XSmall .52 .10 28 .38 .72 18.8 3.8 10.0 4.3 27.9 04 1.74 .38 62 .12
Both Crani Small 73 .22 72 .32 1.32 30.3 3.4 9.0 4.6 27.4 24 2.72 .88 .82 .25
Both Crani Medium 93 .2 102 44 1,93 4009 2.9 1.5 4.9 26.7 .60 3.80 1.09 96 .27
Both Crani large 1.15 .27 54 .53 2.44 52.3 3.5 10.1 4.7 26.2 .91 5.30 1.33 1.07 .25
Both Crani XLarge 1.40 .17 6 1.19 1.70 63.2 4.1 10.5 5.8 26.0 1.00 7.5 1.23 1.26 .15
Both Medio All 1.13 .40 262 .37 2.92 40.6 11.9 13.8 4.9 26.9 52 4.26 1.9 1.00 .29
Both Medio XSmall 64 .16 28 37 1.12 20.0 2.7 13.2 6.1 28.0 0.00 1.89 .50 b7 .16
Both Medio Small .87 .22 55 39 1.46  29.9 3.2 13.0 5.5 27.6 .20 2.82 77 .86 .21
Both Medio Medium 1.13 .26 101 .52 2.08 41.4 3.4 14.2 4.5 26.9 52 411 1,05 1.02 .24
Both Medio Large 1.43 .34 64 .53 2.92 52.9 3.2 14.3 4.5 26.2 .92 5.79 1.52 1.15 .27
Both Medio XLarge 1.83 .27 14 1.46 2.38 61.6 1.8 13.7 4.2 26.1 .93 8.40 1.34 1.43 .20
High Both ALl .86 .33 244 32 2.08 32.0 9.3 11.3 5.4 28.0 0.00 3.24 1.51 91 3
High Both XSmall .58 .14 55 37 112 19.4 3.3 1.7 5.5 28.0 0.00 1.82 .44 .65 .14
High Both Small 79 L2 95 32 1.46 30.0 3.3 10.4 5.4 28.0 0.00 2.82 .86 .85 .24

High Both Medium 1.08 .33 83 44 2.08  40.0 3.2 12.1 5.0 28.0 0.00 4.33 1.34 1.10 .32
High Both Large 1.21 .37 10 .53 1.81 50.1 2.9 10.8 6.8 28.0 0.00 5.55 1.42 1.16 .30

High Both XLarge 1.67 0.00 1 1.67 1.67 60.0 0.0 8.0 0.0 28.0 0.00 8.46 0.00 1.47 0.00
High Crani All 77 .30 122 32 1.93 31.4 9.1 9.5 4.7 28.0 0.00 3.10 1.44 .88 .32
High Crani XSmall .52 .10 27 .38 .72 18.7 3.8 10.1 4.3 28.0 0.00 1.75 .38 .63 .12
High Crani Small 73 .23 52 32 1.32 30.2 3.4 8.6 4.3 28.0 0.00 2.79 9 84 .26
High Crani Medium 99 .3 38 44 1.93 39.8 2.9 10.6 5.1 28.0 0.00 4.29 1.45 1.10 .35
High Crani Large 95 .29 5 53 1.31 49.8 3.5 6.6 5.1 28.0 0.00 4.69 1.27 .99 31
High Crani XLarge 0.00 0.00 0 100.00 0.00 0.0 0.0 0.0 0.0 0.0 0.00 0.00 0.00 0.00 0.00
High Medio All 95 .34 122 .37 2.08 32.5 9.5 13.1 5.4 28.0 0.00 3.38 1.57 93 .3
High Medio XSmall 64 .16 28 37 1.12  20.0 2.7 13.2 6.1 28.0 0.00 1.89 .50 67 .16
High Medio Smail .86 .23 43 39 .46 29.8 3.2 12.7 5.9 28.0 0.00 2.85 .81 .87 .23
High Medio Medium 1.5 .3 45 .52 2.08 40.2 3.4 13.3 4.5 28.0 0.00 4.37 1.26 1.10 .30
High Medio Large 1.47 .24 5 1.21 1.81 50.4 2.5 15.0 5.7 28.0 0.00 6.41 1.046 1.33 .21
High Medio XLarge 1.67 0.00 1 1.67 1.67 60.0 0.0 8.0 0.0 28.0 0.00 8.46 0.00 1.47 0.00
Low Both All 1.14 .36 280 39 2.92 46.1 9.1 12.8 4.9 26.0 .96 4.58 1.82 1.00 .26
Low Both Xsmall .39 0.00 1 .39 39 21.0 0.0 7.0 0.0 26.0 1.00 1.23 0.00 .43 0.00
Low Both sSmall .78 .21 32 41 1.32 30.5 3.5 11.6 5.0 26.0 .88 2.59 .7 790 .19
Low Both Medium 99 2 120 - P 4 S 2.9 13.4 4.8 26.0 95 3.69 .75 91 .16

Low Both Large 1.31 .34 108 53 2.92  52.9 3.3 12.5 4.9 26.0 1.00 5.57 1.46 1.11 .26
Low Both XLarge 1.70 .32 19 1.19 2.38 62.2 2.7 13.0 4.8 26.0 1.00 8.13 1.37 1.37 .21

Low Crani All .98 .28 140 39 2,44 44.6 9.1 1.1 4.9 26.0 96 4.18  1.61 .94 .23
Low Crani XSmatl .39 0.00 1 .39 39 21.0 0.0 7.0 0.0 26.0 1.00 1.23 0.00 .43 0.00
Low Crani Small 72 21 20 41 1.32 30.7 3.6 10.1 5.3 26.0 .85 2.54 .78 a7 .2
Low Crani Medium .89 .15 64 64 142 415 2.8 12.0 4.8 26.0 .95 3.51 .67 .88 .15
Low Crani Large 117 .27 49 71 2,46 52.6 3.4 10.5 4.6 26.0 1.00 5.37 1.34 1.07 .2
Low Crani XLarge 1.40 .17 6 1.19 1.70 63.2 4.1 10.5 5.8 26.0 1.00 7.54 1.23 1.26 .15
Low Medio ALl 1.29 .37 140 53 2.92  47.7 8.8 14.5 4.3 26.0 97 499 1.93 1.06 .27
Low Medio XSmall 0.00 0.00 0 100.00 0.00 0.0 0.0 0.0 0.0 0.0 0.00 0.00 0.00 0.00 0.00
Low Medio Small .89 .18 12 .66 1.26 30.3 3.6 14.2 3.5 26.0 .92 2.68 .60 .82 .15
Low Medio Medium 1.2 .20 56 81 171 42.4 3.1 14.9 4.5 26.0 95 3.90 .79 96 A7

Low Medio Large 1.42 .35 59 .53 2.92 53.1 3.2 14.2 4.5 26.0 1.00 5.76 1.55 1.13 .27
Low Medio XLarge 1.84 .28 13 1.46 2.38 61.8 1.8 14.2 4.0 26.0 1.00 8.40 1.40 1.42 .21



Akureyrartzkid 1990 - 1992

Mean Std. No. Std. std. Dens Std. Std.
View Size dose dose rec. Min Max mm mm Force force kvp Corr Kerma Kerma Firm Firm
Both ALl 2.12 .79 2854 .19 5.66 37.7 11.8 11.8 3.8 28.5 -.1 9.42 4.63 2.03 .64
Both XSmall 1.18 .35 351 .33 2.52 18.9 3.9 11.9 4.0 28.0 -.15 3.96 1.22 1.25 .36
Both Small 1.76 .47 868 .7 4.00 30.0 3.4 11.9 3.9 28.0 -.12 6.65 1.91 1.77 .46
Both Medium 2.34 .58 1068 .57 5.17 41.0 3.3 12.1 3.7 28.4 -.09 10.36 2.72 2.26 .52
Both Large 2.80 .75 458 .19 5.04 52.4 3.2 11.5 3.6 29.3 .12 14044 3,93 2.49 .61
Both XLarge 3.20 .89 109 1.70 5.66 64.6 4.2 9.7 3.9 30.7 -.03 18.75 5.60 2.54 .62
Crani All 1.82 .61 1370 .19 5.17 35.2 10.7 11.4 3.9 28.4 -.1 8.32 3.65 1.92 .60
Crani XsSmatl 1.13 .29 211 .34 2.00 18.7 4.0 11.8 4.0 28.0 -.16 4.01 1.12 1.27 .33
Crani Small 1.64 .44 475 .7 3.80 30.1 3.4 11.5 3.9 28.1 =12 6.69 1.93 1.78 47
Crani Medium 2.12 .54 520 .57 5.17 40.8 3.3 11.5 3.8 28.5 -.08 10.07 2.85 2.21 .56
Crani Large 2.30 .53 146 .19 3.51 52.0 3.0 10.7 3.6 29.6 =11 12,99 3.21 2.27 .52
Crani XLarge 2.15 .34 18 1.70 2.86 62.2 3.2 6.7 4.8 31.0 0.00 13.61 2.17 1.98 .32
Medio All 2.40 .83 1484 .33 5.66 40.0 12.3 12.2 3.7 28.5 -.11 10.43 5.17 2.14 .67
Medio XSmall 1.25 .41 140 .33 2.52 19.3 3.6 12.0 4.2 28.0 -.14 3.88 1.35 1.22 .40
Medio Small 1.86 .49 393 .85 4.00 29.9 3.4 12.3 3.8 28.0 -.13 6.61 1.89 1.76 45
Medio Medium 2.55 .54 548 1.27 4.29 41.1 3.4 12.7 3.4 28.3 -.10  10.63 2.56 2.31 47
Medio Large 3.03 .73 312 1.55 5.04 52.6 3.3 11.9 3.6 29.2 -.13  15.12 4.06 2.59 .62
Medio XLarge 3.40 .81 91 2.04 5.66 65.1 4.2 10.4 3.4 30.6 -.03 19.77 5.51 2.65 .61



Vidauki 6

Um notkun hdspennu, svertustyringar og pressuprystings.

Medalpykkt brjosta.



Auk pess ad nota télvugdgn Krabbameinsfélagsins til ad reikna 1t geislaskammta er haegt
a0 nota pau til ad kanna margt annad. Verdur demum um pad Iyst hér 4 eftir.

V6.1 Notkun hispennu (kV) og svertustyringar.

Vid hépskodun er rontgentackid notad { svertustyringarham ("automatic exposure mode").
Geta rontgenteeknarnir pa einungis stillt hdspennu og leidrétt med tilliti til mismunandi

4stands framkollunar.

Vid venjulegt brjost 4 ad nota 28 kV haspennu. Pegar brjéstid er stort parf ad auka hana
til ad geislunartiminn verdi ekki 6edlilega langur. Vinnubrégd rontgentseeknanna koma
greinilega fram 4 mynd 1, par sem hdspenna er synd sem fall af brjéstapykkt.
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Mynd 1 Samband 4 milli haspennu og brjostbykktar. Reykjavikurtakid, 1990 - 1992.

Svertustyringarhamur rontgentaekjanna er stilltur med pvi ad g.:isla 4 dkvedna pykkt
plexiglers og honum breytt pangad til ad dkvedin sverta faest 4 filmuna. Petta er gert
pegar framkollunin er f lagi. Framkollunin er ekki alveg st68ug og hiin er pess vegna
meeld 4 hverjum degi. Haegt er ad leidrétta svertustyringu taekjanna med tilliti til naemni
framkollunarinnar. Leidréttingin er framkvaemd { prepum frd -3 til +3 par sem hvert
brep samsvarar u.p.b. 26 % (eda hlutfallsleg 2" ™*““"e)3) hreytingu 4 geislunartima og
svertu. Pegar framkollunin er edlileg 4 svertuleidréttingin ad vera stillt 4 0, p.e. engin

leidrétting.
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A mynd 2 er synd medalsvertuleidrétting { hverjum ménudi fyrir Reykjavikur- og
farandtaekid fra jandar 1990 til mars 1992. Eins og sjdé m4 er val 4 leidréttingu fyrir pessi
tvd taeki ekki eins, pratt fyrir ad notud sé sama framkéllunarvél. Asteedan fyrir pessu er
ad kontrast mynda tekinna med palladfumforsiu er laegri en kontrast mynda tekinna med
molybdensiu. Til ad vinna gegn kontrastminkuninni er medalsverta myndanna aukin med
pvi ad nota svertuleidréttinguna. Palladfumforsia er adallega notud vid stér brjost og
passar pad vid mynd 3 par sem hlutfallsleg svertuleidrétting er synd sem fall af
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Mynd 2 Notkun svertuleidréttingar fyrir Reykjavikur- og farandrontgentacki.
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Mynd 3 Brj6stapykkt og svertuleidrétting. Farandrontgentakid 1990 - 1992.
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V62 Mebdalpykkt brj6sta.

Dreifing 4 pykkt brj6sta i Reykjavikurteeki er synd 4 mynd 4. Medaltalid er 42 mm og
samsvarar pad um 47 mm af plexigleri fyrir teeki med molybdenan6du og -forsiu og vid
28 kV héspennu.
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Mynd 4 Mcdalpykkt brjosta. Reykjavikurtzkid, 1990 - 1992.

V6.3 Notkun pressuprystings.

Dreifing pressuprystings fyrir Reykjavikurtaekid er synd 4 mynd 5. Rontgentaeknar
leitarstodvarinnar eru bednir um ad halda minnstu pressu 4 bilinu 10-12 kp sem passar
vid medaltalié 13 kp.
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Mynd § Dreifing pressuprystings. Reykjavikurtakid, 1990 - 1992.
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Aukinn pressuprystingur 4 ad leida af sér leekkun 4 geislaskammti vegna pess ad
vegalengd geislunar { gegnum brj6stid styttist og vid pad minnka likurnar 4 vixlverkun vi
vefi brj6stsins. Eins og sj4 ma 4 mynd 6 passar petta fyrir pressuprysting minni en 5 kp.
Fyrir ofan S kp er sambandid 4 milli pressuprystings, brjéstapykktar og geislaskammits
hins vegar ekki eins einfalt. Pratt fyrir ad pressuprystingurinn aukist pa eykst samtimis
brjéstapykkt og um leid geislaskammtur. Stafar petta af pvi ad stér brjést eru pressud
meira en litil brjést og er petta hluti af vinnubrégdum réntgenteknanna. Sama er ad
segja um einkennilegt form kirfurnar fyrir ofan 16 kp. Hér hakkar geislaskammturinn
pratt fyrir ad brj6stapykktin minnki. Sennilega stafar petta af pvi ad bétt brjést (hatt
hlutfall kirtilvefs) eru ad stadaldri pressud meira en brjést med leegra kirtilvefshlutfalli.

T —f@— Medalgeislaskammtur

—pf— Brj6stapykkt

F42

£
Medal brjbstapykit (mm)

F40

Medalgeislaskammtur kirtilvefs (mGy)

234567 8 910111213 14151617 18 1920 21 22 23 24
Pressa (kp)

Mynd 6 Brjostapykkt og geislaskammtur vid mismunandi pressuprysting, Reykjavikurtakid,
1990 -1992.

Reynt hefur verid ad kanna hvort fylgni sé 4 milli geislaskammts annars vegna og

svertuleidréttingar og pressuprystings hins vegar med pvi ad athuga breytingar 4 pessum

péattum sem fall af tfma. A mynd 7, hafa ferlar sem syna hlutfalli 4 milli medaltals hvers

ménadar og medaltals alls timabilsins fyrir ofangreindar breytur veri® dregnir. Greinilegt

er ad fylgni er ad minnsta kosti 4 milli svertuleidréttingar og geislaskammts, en
sambandid er adeins 6ljésara hvad pressuprysting vardar.
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Mynd 7 Hlutfallslegur geislaskammtur, svertuleidrétting og pressuprystingur fyrir Reykjavikurtzkid,
september 1990 - april 1992.

Til ad athuga hvernig badar breyturnar hafa sameiginlega 4hrif 4 geislaskammtinn er
ferill midadur vid efirfarandi framsetningu dreginn { mynd 8:

1
(Hlutfallslegur pressuprystingur)
2

(Hlutfallsleg svertuleidretting) +

Eins og sj4d ma 4 myndinni passar samverkandi dhrif frd pessum tveimur pattum nokkurn
veginn vid breytingar 4 geislaskammtinum. Haustid 1991 var skipt { adra filmutegund,
sem synir heerri nemni og grunnsvertu, sem byddi ad breyta purfti stillingu
svertustyringarinnar. Og getur pessi adgerd skyrt pd hlidrun sem verdur 4 ferlinum f{

september 1991.
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Mynd 8 Hlutfallslegur geislaskammtur og sameiginleg dhrif pressuprysings og svertuleidréttingar.
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A Dose Index for Optimization in a Mammography Screening Program.

Walderhaug T.P.", Einarsson G.!, Kristinsson S.2, Magnisson S.M." and Sigfiisson B.F.2

! National Institute of Radiation Protection, Laugavegi 118d, 150 Reykjavik, Iceland.
2 Jcelandic Cancer Society, Skégarhlid 8, 101 Reykjavik, Iceland.

Abstract - An optimization procedure which uses the mean absorbed dose to glandular tissue in the breast
to assess the imaging system sensitivity is presented. With computer connection to the x-ray unit, the dose
is automatically calculated for every exposure. A software program which analyzes periods with deviation
from normal sensitivity is described.

INTRODUCTION

Modern mammography screening involves one of the most standardized examinations
in diagnostic radiology. Use of specialized x-ray units with automatic exposure control
implies a good control of the variables affecting the image quality and patient
absorbed dose. This, together with high throughput in a centralized screening
environment, makes it possible to use parameters from actual exposures of patients
to have a day to day control of the radiographic performance. This optimization
procedure has been actualized with the introduction of x-ray units with computer
interface, facilitating automatic acquisition of parameters of interest.

In order to ease the assessment of the imaging system performance over a period of
time, a dose index has been defined to reflect the sensitivity of the system. Significant
deviation from unity in the dose index should lead to thorough analysis of exposure
parameters, processor sensitivity and the radiographers’ working habits.

METHOD

The dose index is based on the mean absorbed dose to glandular tissue in the breast.
The absorbed dose is calculated according to standard methods by conversion of the
exposure free in air at breast entrance to glandular tissue dose!®®. A standard
glandular tissue content of 50% by weight is used in the dose assessment. The
exposure at breast entrance is found by adjusting a known exposure at a reference




point to the breast thickness. The conversion factor for calculating glandular tissue
dose from exposure is determined by linear interpolation in tables®, where tube
potential, filter and target material, half value layer, breast thickness and radiogra-
phic view have to be known.

The dose calculation is performed automatically and no measuring devices are used.
One part of the information needed is in the computer (conversion factors for tissue
doses, half value layers for different tube potentials and the exposure rate at the
reference point as a function of current time product and tube potential) and the
other part is transferred to the computer from the x-ray unit for every exposure (tube
potential, filter material, current time product and radiographic view).

The dose index is the mean of the doses for a specific time period, normalized to the
mean for one previous year of screening, and differences in breast thicknesses are
taken into account. It is expected to reflect the imaging system’s sensitivity fairly well.
Plots of dose indices from several contiguous intervals will reveal trends in the system
performance.

In automatic exposure control mode, the variables that affect the dose index are
relatively few. Most important are the density of the breast, the tube potential, the
compression force on the breast, the performance of the automatic exposure control
and the film processing performance. Differences in processor sensitivity are reflected
in the exposure data through the radiographers’ use of the x-ray units density
correction. Only the breast density is unknown, and unfortunately it is a variable that
affects the dose considerably. It is, however, a random variable and should affect the
dose index only to a minor extent when a great number of exposures are considered.
The other variables do exhibit more systematic trends since they are dependent on
the radiographers’ working procedures and an analysis of them may give valuable
information about system performance. A PC based software program for systematic
analysis of the data acquired from the x-ray unit and the calculated dose index has
been developed. The program displays graphically the dose index as a function of
time. Reports for specific time intervals where each exposure parameter is compared
to its mean value for the previous year can be generated.




RESULTS AND DISCUSSION.

In the nationwide breastcancer screening program, undertaken by the Icelandic Cancer
Society, automatic data collection from the x-ray units has been in use for five years.
At the end of each working day the data is printed out together with the patients ID
number. This means that films and data can be matched. This has already proven to
be an effective quality improvement tool. It is expected that adding a dose based
index will heighten the awareness level of all involved and thereby improve quality
and minimize fluctuations.

Figure 1 and 2 show examples of plots of dose indices for a whole year. The time
interval chosen is one day and only days with more than 50 exposures are considered.
Figure 1 shows the response of the index to a modification of an x-ray unit, i. e.
change from a stationary to an oscillating scattering grid. In figure 2 a year without
drastic changes in imaging system is presented. In order to facilitate the detection
of periods which are outside the range of normal random fluctuations, three standard
deviations from the mean of points with 50 measurements are also plotted.

The most frequent direct reason for periods of the dose index being outside the range
of three standard deviations is the use of the density correction by the radiographers.
In the Icelandic mammography screening program the processing is centralized and
it is monitored extensively to secure optimal performance. In figure 2, however, three
distinct periods with different dose indices can be seen, which arise mainly from
different settings of the density correction. This may reflect differences in the
processing performance, but another possibility is that the density correction has been
used incorrectly. A modification of the software to record information from processor
sensitometry and the density of the exposed film is under consideration.

The influence of the compression force on the dose was believed to be quite straight
forward, since theoretical considerations imply that an increased pressure should
reduce the dose. This does however not manifests itself in the data. There is a poor
correlation between the force and the dose. The most obvious explanation is that the
effect submerges in random fluctuations of the data, but it can also be explained by
a possible tendency of the radiographers to compress dense breasts more vigorously,
so an increased pressure may mean denser breast and thereby an increased dose, i.e.
quite opposite of what is expected. An example of this is showed in figure 3 where
both the dose index and force normalized to the mean for a whole year are plotted.
Information on the fat content of the breasts is available in the Cancer Society
database, and could probably be used to estimate breast density and thereby give a
clue of the reason for this trend.
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Figure 1. The response of the dose index to a modification of an x-ray unit.

Change from a stationary to an oscillating scattering grid.
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The development of the dose index for an x-ray unit in one year,

showing the response to differences in the units density correction.
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Figure 3. The compression force normalized to the mean for a year, and the dose

index, for one unit.



