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In or der to set up a suc cess ful mam mog ra phy screen ing pro gram in the Re pub lic of Srpska, a
Siemens Mammomat 1000 X-ray ma chine was se lected for anal y sis as the said mam mog ra phy
sys tem is widely used in clin i cal prac tice. The vari a tions in tube pa ram e ters (spe cific air kerma, 
high-volt age ac cu racy and reproducibility, lin ear ity be tween ex po sure and dose ex po sure
time) were mon i tored over a five-year pe riod, from 2008 to 2012. In ad di tion, due to ob -
served daily fluc tu a tions for cho sen pa ram e ters, a se ries of mea sure ments were per formed
three times a day within a sin gle-month pe riod (mainly Oc to ber 2012). The goal of such an
ex per i men tal set up is to as sess short-term and long-term sta bil ity of tube pa ram e ters in the
given mam mog ra phy unit and to make a com par i son be tween them. The pres ent pa per shows
how an early de tec tion of sig nif i cant pa ram e ter fluc tu a tions can help elim i nate ir reg u lar i ties
and op ti mize the per for mance of mam mog ra phy sys tems.
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IN TRO DUC TION

Breast screen ing pro grams op er ate in many
coun tries with mammographic X-ray units sub ject to
strin gent qual ity con trol tests [1]. Do sim e try mea sure -
ments of the X-ray unit nor mally in clude work place
mon i tor ing, i. e., mea sur ing the H*(10) am bi ent dose
equiv a lent by means of a por ta ble in stru ment, as well
as qual ity con trol (QC) test ing of the de vice it self. QC
in cludes a se ries of mea sure ments of X-ray tube pa -
ram e ters such as high volt age, ex po sure time and spe -
cific air kerma val ues by means of a multimeter de vice
and ap pro pri ate QC phan toms [2].

In our pre vi ous pa per [3], re sults of tech ni cal pa -
ram e ters for 31 mam mog ra phy units were pre sented.
All the mea sure ments were per formed within a sin gle
cal en dar year. Large fluc tu a tions in dose among dif fer -
ent mea sur ing sites were de tected which was clearly un -
ac cept able, not only from the stand point of mam mog ra -
phy screen ing, but in clin i cal mam mog ra phy as well. In
this pa per, in or der to set up a suc cess ful mam mog ra phy 
screen ing pro gram in the Re pub lic of Srpska, an X-ray
ma chine, model Siemens Mammomat 1000, was se -
lected for anal y sis as a typ i cal model in clin i cal prac tice. 

Screen ing prac tices took place at the Banja Luka Clin i -
cal Cen ter. Sev eral pa ram e ters de rived from ex po sure
mea sure ments (such as spe cific air kerma, high volt age
ac cu racy and reproducibility, lin ear ity be tween ex po -
sure and dose, ex po sure time) were used for eval u a tion.
The vari a tions in tube pa ram e ters of a sin gle mam mog -
ra phy unit were mea sured over a five-year pe riod
(2008-2012), ex cept for a to tal of a few weeks of in ac -
tiv ity due to main te nance or up grade ser vice.

Ac cord ing to avail able lit er a ture, long-term sta bil -
ity has been widely ob served [1], whilst short-term sta -
bil ity has been in ves ti gated to a con sid er ably smaller ex -
tent. The pres ent pa per pro vides a brief in sight into
trends ob served by pa ram e ters of a typ i cal mam mog ra -
phy unit over a five-year pe riod of its life cy cle.

MA TE RI ALS AND METH ODS

A Siemens Mammomat 1000 was se lected for
anal y sis as this model is widely used in clin i cal prac -
tice. The unit was in stalled in 2000.

Mea sure ments of tube pa ram e ters were ba si -
cally per formed on two time scales: daily and an nual.
The an nual tests (in clud ing the 2008-2012 pe riod) are
car ried out as a com pul sory part of le gally pre scribed
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ra di a tion pro tec tion prac tice. The an nual mea sure -
ments were per formed roughly at the same time of a
day, in the same sea son, in ap prox i mately iden ti cal
microclimatic con di tions (i. e., with out sig nif i cant al -
ter ations in X-ray room tem per a ture and hu mid ity);
thus, it can be con cluded that the mea sure ment con di -
tions were kept quite con stant over the five-year pe -
riod. On the other hand, the daily mon i tor ing of the
same set of pa ram e ters was in tro duced for the sole pur -
pose of ex per i ment and per formed dur ing 25 con sec u -
tive work days, mainly in Oc to ber 2012. Each daily
mea sure ment con sisted of three pa ram e ter ac qui si -
tions: im me di ately af ter turn ing the unit on, af ter three
hours of ac tiv ity, and at the end of the work shift (af ter
six hours of ac tiv ity).

QC pro ce dures to be per formed for each screen -
ing mam mog ra phy unit are de fined ac cord ing to the
Eu ro pean Guide lines for Qual ity As sur ance in Breast
Can cer Screen ing and Di ag no sis. They in clude the
fol low ing [4]:
– spe cific air kerma at 28 kV and 20 mAs, ex pressed 

in mGy/mAs,
– lin ear ity Ka/PIt vs. high volt age squared, its tol er -

ance lim its be ing ex pressed by per cent age val ues
(volt age range be tween 24 kV and 34 kV, with

±5% tol er ance),
– reproducibility of ex po sure, i. e., five con sec u tive

mea sure ments of high volt age, ex po sure time and
air kerma at 28 kV and 20 mAs, where the three

mea sure ments must not ex ceed ±5% de vi a tion
from the mean value,

– ex po sure-to-dose lin ear ity at 28 kV and It val ues

be tween 10 mAs and 160 mAs, with ±5% tol er -
ance, and

– high volt age ac cu racy (±10% tol er ance range).
These pa ram e ters were mea sured us ing Bar ra -

cuda multimeter (by RTI Elec tron ics, Swe den) and
ACR mammographic ac cred i ta tion phan tom (by
Fluke Bio med i cal RMS, Cleve land, OH).

RE SULTS

Re sults ob tained by daily and an nual mea sure -
ments are shown in re spec tive ta bles in the fol low ing
or der:

– ta ble 1 dis plays the val ues of all the ob served pa -
ram e ters mea sured three times a day for 25 con -
sec u tive work days, and

– table 2 shows the val ues ob tained by yearly mea -
sure ments dur ing five con sec u tive years.

For the sake of clar ity, some pa ram e ters are plot -
ted with mea sured val ues rep re sented as points,
whereas the un der ly ing time trends are dis played as
lines con nect ing the sin gle points.

Spe cific kerma value. On a daily ba sis, spe cific
air kerma val ues range from 77.0 mGy/mAs to 90.7
mGy/mAs, with a mean value of 80.4 mGy/mAs. More
sig nif i cant fluc tu a tions in air kerma val ues may al -
ways be ob served be tween the first and the third mea -
sured daily value (fig. 1).

The an nual sur vey of spe cific air kerma val ues
for the pe riod 2008-2012 shows val ues rang ing from
69.8 mGy/mAs to 94.2 mGy/mAs, with an up ward
trend over the en tire ob served pe riod (fig. 2).

Lin ear ity of spe cific air kerma value vs. high
volt age squared. This lin ear ity trend is al most main -
tained con stant over time when ob served on a daily ba -
sis dur ing the 25-day pe riod in con sid er ation, and has a 
value of 0.99. Its be hav iour through out the 2008-2012
pe riod is re sumed in tab. 2. 

High-volt age reproducibility. Daily mea sure -
ments of high-volt age reproducibility show de vi a tions 
rang ing from 0.02% to 0.42%, which is still within tol -
er ance lim its. In turn, fluc tu a tions in reproducibility
mea sure ments over the given five-year pe riod are
shown in fig. 3.

Air kerma reproducibility. Re gard ing kerma
reproducibility, the de vi a tions are com prised be tween
0.02% and 0.91%, their daily mean value be ing
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Ta ble 1. Mea sured val ues of mammography X-ray tube
pa ram e ters within a 25-day period

Min Max Mean SD Median

Specific air kerma value
Ka/PIt [mGymA–1s–1] 77.0 90.7 80.4 2.56 80.9

Voltage reproducibility
deviation [%] 0.02 0.42 0.12 0.10 0.11

Kerma reproducibility
deviation [%] 0.02 0.91 0.16 0.19 0.17

High-voltage accuracy
deviation [%] 1.30 6.50 2.35 1.13 2.10

Ta ble 2. Re sults of an nual mea sure ments of mam mog ra phy tube pa ram e ters over a five-year pe riod. The un usu ally high
de vi a tion in volt age ac cu racy val ues de tected in 2008 (14.50%) was suc ces sively remediated through ser vice main te nance

Parameter
Year

2008 2009 2010 2011 2012

Specific air kerma value Ka/PIt [mGymA–1s–1] 69.8 74.0 72.2 76.5 94.2

Linearity of specific air kerma value vs. high-voltage squared Ka/PIt = f U( )0
2

0.999 0.995 0.999 0.955 0.997

Voltage reproducibility deviation [%] 0.02 0.30 0.29 0.51 0.10

Air kerma reproducibility deviation [%] 0.47 0.19 0.17 0.26 0.05

Exposure-to-dose linearity D = f (It) 1.000 1.000 0.999 0.990 0.999

Voltage accuracy deviation [%] 14.50 2.74 2.10 1.92 2.43



0.16%. There fore, the vari a tions in this pa ram e ter are
kept within le gally pre scribed lim its.

Ex po sure-to-dose lin ear ity. The link be tween
ex po sure pa ram e ters and dose is lin ear and con stant
over time, ei ther on a daily ba sis or for pro longed time
pe ri ods (from 2008 to 2012). Its value is prac ti cally al -
ways 1.

High-volt age ac cu racy. Daily de vi a tions from
high-volt age ac cu racy range be tween 1.3% and 6.5%

with a mean value of 2.1%, which is still within tol er -
ance lim its. If the en tire five-year pe riod is con sid ered, 
the de vi a tions from high-volt age have been re duced
rel a tive to the ini tial de vi a tion value mea sured, and
have been brought back within the tol er ance lim its.

DIS CUS SION AND CON CLU SIONS

A se ries of QC mea sure ments of the given mam -
mog ra phy unit per formed in Oc to ber and the be gin -
ning of No vem ber 2012, con sist ing of three daily
samplings, have shown sta bil ity in val ues of sev eral
tube pa ram e ters. For in stance, it was found that the lin -
ear ity of air kerma against high-volt age squared (or the 
dose against each of the ex po sure pa ram e ters), are
con stant on a daily ba sis. On the other hand, ob serv -
able daily fluc tu a tions are found in some pa ram e ters
de pend ing on the ex act sam pling time [5, 6]. While ex -
am in ing spe cific air kerma val ues on a daily level, the
high est dose val ues are en coun tered in the first morn -
ing mea sure ment – im me di ately af ter start ing the ma -
chine – whereas later in the day their value de creases.
On the con trary, de vi a tions in high-volt age and air
kerma reproducibility, as well as the de vi a tion in
high-volt age ac cu racy, are small est im me di ately af ter
start ing the ma chine; dur ing the work shift their val ues 
grad u ally in crease. Nev er the less, all those de vi a tions
are al ways kept within the pre scribed tol er ance lim its.

Speak ing in long-terms, the an nual val ues of
spe cific air kerma show an in creas ing trend. The lin ear 
re sponse of spe cific air kerma to high-volt age squared
as well as the lin ear ity be tween ex po sure and dose,
have re mained con stant over time. The de vi a tions in
kerma and volt age ac cu racy and reproducibility as -
sume dif fer ent val ues over course of time.

Dur ing the life cy cle of any X-ray unit, be sides
the nor mal pro cess of gen er at ing di ag nos tic ra dio log i -
cal im ages, dif fer ent un wanted events oc cur that may
com pro mise the unit's func tion al ity. Among those are
in ter rup tions in power sup ply, volt age vari a tions, me -
chan i cal de fects of unit com po nents due to ag ing, in -
ap pro pri ate han dling, etc. How ever, the ag ing of the
X-ray tube is per haps the key fac tor for in duc ing sig -
nif i cant  fluc tu a tions  in  those  pa ram e ters  over  time
[6, 7]. To re store the unit to an up-and-run ning state,
cer tain ser vice in ter ven tions have to be per formed oc -
ca sion ally by the man u fac turer.

By con duct ing rou tine an nual QC tests of mam -
mog ra phy X-ray units it be comes pos si ble to de tect
de vi a tions of pa ram e ters out side the range of nor mal
val ues. It then be comes pos si ble to di rectly in flu ence
the qual ity of mam mog ra phy pro ce dures in at least
two ways:
– early de tec tion of sig nif i cant pa ram e ter de vi a tions 

makes it pos si ble to elim i nate ir reg u lar i ties pos si -
bly arisen dur ing the ma chine's func tion ing. This
would re sult in an im proved over all qual ity of
mam mog ra phy im ages, and
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Fig ure 1. Daily fluc tu a tions in spe cific air kerma val ues
ob tained dur ing the first week of daily mea sure ments

Fig ure 2. An nual spe cific air kerma val ues over a
five-year pe riod

Fig ure 3. Fluc tu a tions in de vi a tion val ues of high- 
volt age reproducibility over five con sec u tive year



– unnecessary pa tient ex po sure (ei ther due to in -
creased air kerma val ues or to ex cess of stray ra di -
a tion) may be ef fi ciently re duced.

Mam mog ra phy ex am i na tion is par tic u larly del i -
cate mainly be cause of (1) high radiosensitivity of the
breast and (2) re quire ment for both high space and con -
trast res o lu tion. These facts are of spe cial con cern in
mam mog ra phy screen ing, where the asymp tom atic tar -
get pop u la tion un der goes mam mog ra phy, so the ex -
pected av er age size of a le sion is even smaller than in
clin i cal mam mog ra phy. Un like the units used solely for
clin i cal mam mog ra phy, which are be ing tested on an
an nual ba sis, those in volved with screen ing are sub ject
to more strin gent semi-an nual QC tests [2]. The goal of
pa ram e ter mon i tor ing and intercomparison is to re duce
their fluc tu a tions to a min i mum, thus elim i nat ing sig -
nif i cant vari a tions in im age qual ity or pa tient doses for
the same type of im ag ing pro ce dures. Mini mis ing these
fluc tu a tions would re sult in im proved im age qual ity,
with a si mul ta neous re duc tion in pa tient doses and, con -
se quently, in re duced risk of in duc ing sec ond ary can -
cers. More over, com par i son of pa tient doses among dif -
fer ent mam mog ra phy units could bring about the
es tab lish ment of dose ref er ence lev els for all X-ray
mam mog ra phy units within the frame work of the na -
tional healthcare sys tem [8, 9]. 

New leg is la tion also re quires daily and weekly
QC tests of mam mog ra phy units to be in tro duced into
prac tice. Con tin u ous mon i tor ing of weekly and
monthly fluc tu a tions in the mea sured pa ram e ters
might cast a new light on the causes of long-term vari -
a tions in mam mog ra phy unit per for mance.
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KRATKORO^NO  I  DUGORO^NO  PRA]EWE  STABILNOSTI
PARAMETARA  MAMOGRAFSKOG  RENDGEN  URE\AJA

U ciqu uspe{nog uspostavqawa mamografskog skrining programa u Republici Srpskoj,
analiziran je mamograf Siemens Mammomat 1000, kao naj~e{}e zastupqen mamografski ure|aj u
klini~koj praksi. Varijacije vrdnosti parametara rendgenske cevi (specifi~na vrednost kerme,
pouzdanost i ponovqivost visokog napona, linearnost ekspozicija-doza i vreme ekspozicije)
posmatrane su u periodu od pet godina, od 2008. do 2012. godine. Pored toga, zbog uo~enih dnevnih
fluktuacija izabranih parametara, tri puta dnevno vr{ena su merewa tokom mesec dana (uglavnom
u oktobru 2012). Ciqevi tako postavqenog eksperimenta su procena kratkoro~ne i dugoro~ne
stabilnosti parametara cevi u ispitivanoj mamografskoj jedinici kao i wihovo pore|ewe. Ovaj
rad pokazuje da rano otkrivawe zna~ajnih fluktuacija u parametrima mo`e pomo}i u otklawawu
nepravilnosti i optimizaciji rada na mamo-ure|ajima.

Kqu~ne re~i: mamografija, kerma u vazduhu, kontrola kvaliteta


