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In order to set up a successful mammography screening program in the Republic of Srpska, a
Siemens Mammomat 1000 X-ray machine was selected for analysis as the said mammography
system is widely used in clinical practice. The variations in tube parameters (specific air kerma,
high-voltage accuracy and reproducibility, linearity between exposure and dose exposure
time) were monitored over a five-year period, from 2008 to 2012. In addition, due to ob-
served daily fluctuations for chosen parameters, a series of measurements were performed
three times a day within a single-month period (mainly October 2012). The goal of such an
experimental set up is to assess short-term and long-term stability of tube parameters in the
given mammography unit and to make a comparison between them. The present paper shows
how an early detection of significant parameter fluctuations can help eliminate irregularities
and optimize the performance of mammography systems.
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INTRODUCTION

Breast screening programs operate in many
countries with mammographic X-ray units subject to
stringent quality control tests [1]. Dosimetry measure-
ments of the X-ray unit normally include workplace
monitoring, i. e., measuring the "(10) ambient dose
equivalent by means of a portable instrument, as well
as quality control (QC) testing of the device itself. QC
includes a series of measurements of X-ray tube pa-
rameters such as high voltage, exposure time and spe-
cific air kerma values by means of a multimeter device
and appropriate QC phantoms [2].

In our previous paper [3], results of technical pa-
rameters for 31 mammography units were presented.
All the measurements were performed within a single
calendar year. Large fluctuations in dose among differ-
ent measuring sites were detected which was clearly un-
acceptable, not only from the standpoint of mammogra-
phy screening, but in clinical mammography as well. In
this paper, in order to set up a successful mammography
screening program in the Republic of Srpska, an X-ray
machine, model Siemens Mammomat 1000, was se-
lected for analysis as a typical model in clinical practice.

* Corresponding author; e-mail: jovicapraskalo@yahoo.com

Screening practices took place at the Banja Luka Clini-
cal Center. Several parameters derived from exposure
measurements (such as specific air kerma, high voltage
accuracy and reproducibility, linearity between expo-
sure and dose, exposure time) were used for evaluation.
The variations in tube parameters of a single mammog-
raphy unit were measured over a five-year period
(2008-2012), except for a total of a few weeks of inac-
tivity due to maintenance or upgrade service.

According to available literature, long-term stabil-
ity has been widely observed [1], whilst short-term sta-
bility has been investigated to a considerably smaller ex-
tent. The present paper provides a brief insight into
trends observed by parameters of a typical mammogra-
phy unit over a five-year period of its life cycle.

MATERIALS AND METHODS

A Siemens Mammomat 1000 was selected for
analysis as this model is widely used in clinical prac-
tice. The unit was installed in 2000.

Measurements of tube parameters were basi-
cally performed on two time scales: daily and annual.
The annual tests (including the 2008-2012 period) are
carried out as a compulsory part of legally prescribed
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radiation protection practice. The annual measure-
ments were performed roughly at the same time of a
day, in the same season, in approximately identical
microclimatic conditions (i. e., without significant al-
terations in X-ray room temperature and humidity);
thus, it can be concluded that the measurement condi-
tions were kept quite constant over the five-year pe-
riod. On the other hand, the daily monitoring of the
same set of parameters was introduced for the sole pur-
pose of experiment and performed during 25 consecu-
tive workdays, mainly in October 2012. Each daily
measurement consisted of three parameter acquisi-
tions: immediately after turning the unit on, after three
hours of activity, and at the end of the work shift (after
six hours of activity).

QC procedures to be performed for each screen-
ing mammography unit are defined according to the
European Guidelines for Quality Assurance in Breast
Cancer Screening and Diagnosis. They include the
following [4]:

— specific air kerma at 28 kV and 20 mAs, expressed
in uGy/mAs,

— linearity K,/Py; vs. high voltage squared, its toler-
ance limits being expressed by percentage values
(voltage range between 24 kV and 34 kV, with
5% tolerance),

— reproducibility of exposure, i. e., five consecutive
measurements of high voltage, exposure time and
air kerma at 28 kV and 20 mAs, where the three
measurements must not exceed £5% deviation
from the mean value,

— exposure-to-dose linearity at 28 kV and It values
between 10 mAs and 160 mAs, with £5% toler-
ance, and

— high voltage accuracy (+10% tolerance range).

These parameters were measured using Barra-
cuda multimeter (by RTI Electronics, Sweden) and
ACR mammographic accreditation phantom (by
Fluke Biomedical RMS, Cleveland, OH).

RESULTS

Results obtained by daily and annual measure-
ments are shown in respective tables in the following
order:

— table 1 displays the values of all the observed pa-
rameters measured three times a day for 25 con-
secutive workdays, and

— table 2 shows the values obtained by yearly mea-
surements during five consecutive years.

For the sake of clarity, some parameters are plot-
ted with measured values represented as points,
whereas the underlying time trends are displayed as
lines connecting the single points.

Specific kerma value. On a daily basis, specific
air kerma values range from 77.0 pnGy/mAs to 90.7
pGy/mAs, with a mean value of 80.4 uGy/mAs. More
significant fluctuations in air kerma values may al-
ways be observed between the first and the third mea-
sured daily value (fig. 1).

The annual survey of specific air kerma values
for the period 2008-2012 shows values ranging from
69.8 uGy/mAs to 94.2 nGy/mAs, with an upward
trend over the entire observed period (fig. 2).

Linearity of specific air kerma value vs. high
voltage squared. This linearity trend is almost main-
tained constant over time when observed on a daily ba-
sis during the 25-day period in consideration, and hasa
value 0f 0.99. Its behaviour throughout the 2008-2012
period is resumed in tab. 2.

High-voltage reproducibility. Daily measure-
ments of high-voltage reproducibility show deviations
ranging from 0.02% to 0.42%, which is still within tol-
erance limits. In turn, fluctuations in reproducibility
measurements over the given five-year period are
shown in fig. 3.

Air kerma reproducibility. Regarding kerma
reproducibility, the deviations are comprised between
0.02% and 0.91%, their daily mean value being

Table 1. Measured values of mammography X-ray tube
parameters within a 25-day period

Min | Max | Mean | SD |Median

Specific air kerma value
Ko/Py [nGymA™'s™"]

Voltage reproducibility
deviation [%]

77.0 | 90.7 | 80.4 |2.56| 80.9

0.02| 042 | 0.12 {0.10] 0.11

Kerma reproducibility
deviation [%] 0.02| 091 | 0.16 {0.19| 0.17

High-voltage accuracy

deviation [%)] 1.30 | 6.50 | 2.35 |1.13| 2.10

Table 2. Results of annual measurements of mammography tube parameters over a five-year period. The unusually high
deviation in voltage accuracy values detected in 2008 (14.50%) was successively remediated through service maintenance

Parameter

Year
2008 2009 2010 2011 2012

Specific air kerma value K,/Py [uGymA"s’l]

69.8 74.0 72.2 76.5 94.2

Linearity of specific air kerma value vs. high-voltage squared K,/Py = f (Ug) 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 1.92 243
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Figure 1. Daily fluctuations in specific air kerma values
obtained during the first week of daily measurements
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Figure 2. Annual specific air kerma values over a
five-year period
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Figure 3. Fluctuations in deviation values of high-
voltage reproducibility over five consecutive year

0.16%. Therefore, the variations in this parameter are
kept within legally prescribed limits.

Exposure-to-dose linearity. The link between
exposure parameters and dose is linear and constant
over time, either on a daily basis or for prolonged time
periods (from 2008 to 2012). Its value is practically al-
ways 1.

High-voltage accuracy. Daily deviations from
high-voltage accuracy range between 1.3% and 6.5%

with a mean value of 2.1%, which is still within toler-
ance limits. If the entire five-year period is considered,
the deviations from high-voltage have been reduced
relative to the initial deviation value measured, and
have been brought back within the tolerance limits.

DISCUSSION AND CONCLUSIONS

A series of QC measurements of the given mam-
mography unit performed in October and the begin-
ning of November 2012, consisting of three daily
samplings, have shown stability in values of several
tube parameters. For instance, it was found that the lin-
earity of air kerma against high-voltage squared (or the
dose against each of the exposure parameters), are
constant on a daily basis. On the other hand, observ-
able daily fluctuations are found in some parameters
depending on the exact sampling time [5, 6]. While ex-
amining specific air kerma values on a daily level, the
highest dose values are encountered in the first morn-
ing measurement — immediately after starting the ma-
chine — whereas later in the day their value decreases.
On the contrary, deviations in high-voltage and air
kerma reproducibility, as well as the deviation in
high-voltage accuracy, are smallest immediately after
starting the machine; during the work shift their values
gradually increase. Nevertheless, all those deviations
are always kept within the prescribed tolerance limits.

Speaking in long-terms, the annual values of
specific air kerma show an increasing trend. The linear
response of specific air kerma to high-voltage squared
as well as the linearity between exposure and dose,
have remained constant over time. The deviations in
kerma and voltage accuracy and reproducibility as-
sume different values over course of time.

During the life cycle of any X-ray unit, besides
the normal process of generating diagnostic radiologi-
cal images, different unwanted events occur that may
compromise the unit's functionality. Among those are
interruptions in power supply, voltage variations, me-
chanical defects of unit components due to aging, in-
appropriate handling, efc. However, the aging of the
X-ray tube is perhaps the key factor for inducing sig-
nificant fluctuations in those parameters over time
[6, 7]. To restore the unit to an up-and-running state,
certain service interventions have to be performed oc-
casionally by the manufacturer.

By conducting routine annual QC tests of mam-
mography X-ray units it becomes possible to detect
deviations of parameters outside the range of normal
values. It then becomes possible to directly influence
the quality of mammography procedures in at least
two ways:

— early detection of significant parameter deviations
makes it possible to eliminate irregularities possi-
bly arisen during the machine's functioning. This
would result in an improved overall quality of
mammography images, and
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— unnecessary patient exposure (either due to in-
creased air kerma values or to excess of stray radi-
ation) may be efficiently reduced.

Mammography examination is particularly deli-
cate mainly because of (1) high radiosensitivity of the
breast and (2) requirement for both high space and con-
trast resolution. These facts are of special concern in
mammography screening, where the asymptomatic tar-
get population undergoes mammography, so the ex-
pected average size of a lesion is even smaller than in
clinical mammography. Unlike the units used solely for
clinical mammography, which are being tested on an
annual basis, those involved with screening are subject
to more stringent semi-annual QC tests [2]. The goal of
parameter monitoring and intercomparison is to reduce
their fluctuations to a minimum, thus eliminating sig-
nificant variations in image quality or patient doses for
the same type of imaging procedures. Minimising these
fluctuations would result in improved image quality,
with a simultaneous reduction in patient doses and, con-
sequently, in reduced risk of inducing secondary can-
cers. Moreover, comparison of patient doses among dif-
ferent mammography units could bring about the
establishment of dose reference levels for all X-ray
mammography units within the framework of the na-

tional healthcare system [8, 9].

New legislation also requires daily and weekly

QC tests of mammography units to be introduced into

practice. Continuous monitoring of weekly and

monthly fluctuations in the measured parameters
might cast a new light on the causes of long-term vari-
ations in mammography unit performance.
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JoBuna XK. [IPACKAJO, Jacha B. JABU1OBHUh, busbana B. KOUN'h,
Monnka M. KUBKOBHWh, Ceeraana M. IIEJOBUHR

KPATKOPOYHO 1 OAYTOPOYHO INPAREWBLE CTABMJIHOCTU
IMAPAMETAPA MAMOTPA®CKOI' PEHATEH YPEBAJA

Y uuMiby yCHENIHOT ycIocTaBbalkba MaMOrpaCcKor CKpUHUHT porpaMa y Peny6munu Cprckoj,
aHanu3upal je Mamorpag Siemens Mammomat 1000, kao Hajuenthe 3actTymibeH MaMorpadgceku ypebaj y
KJIMHUYKO] Ipakcy. Bapujanuje BpiHOCTH MapaMeTapa peHAreHcKe eBr (crenuduyHa BpeTHOCT KepMe,
MOY3/IaHOCT U MOHOBJLUBOCT BHCOKOT HAllOHA, JUHEAPHOCT EKCIO3UIMja-g03a W BpeMe eKCIO3UImje)
rmocMatpase cy y nepuony of et roguHa, of 2008. no 2012. ropure. [Topen Tora, 360T yOUeHUX THEBHUX
¢aykTyanuja n3adpaHux napameTapa, Tpy IIyTa JHEBHO BPIIICHA CYy MEPEHha TOKOM Mecel] JaHa (YTriIaBHOM
y okToOpy 2012). n/beBU TaKO MOCTAB/HLEHOr SKCIEPUMEHTA Cy IPOIeHa KPATKOPOUHE U JYTOPOUHE
CTaOMIIHOCTHY NapaMeTapa [EeBH Y UCIUTHUBAHO] MaMOrpadCcKoj JeAMHUIN Kao U BUX0BO nopebeme. OBaj
paj moxKasyje a paHO OTKpHUBambe 3HayajHUX (PIyKTyalyja y IapaMeTpuMa MoxXe IIOMOhH y OTKJIambamby
HENPaBUIIHOCTY ¥ ONTUMU3ALMjU pajia Ha MaMo-ypebajuma.

Kwyune peuu: mamozpaguja, kepma y 8a30yxy, KOHIpoaa Keaauitieitia




