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Abstract

Article Info

In the present study, a non invasive X-ray test device (8000 Victoreen NERO mAx),
and radiation monitor controller (RADCAL-9010) system used to measure the Breast
Entrance Dose (BED) in mammographic projection at King Abdulazaiz University
Hospital (KAUH), Saudi Arabia. The age distribution and the compressed breast
thickness (CBT) of the patients determined based on the information survey from the
radiology department logbook. The Average Glandular Dose (AGD) calculated based
on the value of the entrance dose and some other imaging technique factors. The X-ray
quality control tests were evaluated for beam quality assessment, tube potential
accuracy, time accuracy, and reproducibility according to the American College of
Radiology (ACR) protocol for the quality control of the mammography imaging
technique (Code of practice-TRS 457). The results showed that, good correlation was
found between the results obtained from the above mentioned dosemetric systems. The
calculated AGD found lower than the international recommended value (3.0 mGy).
Also the results give acceptable levels for patient absorbed dose and safety.
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breast cancer which are the northern part of the kingdom,
Makkah, and Qassium regions (Jamal et al., 2011).
Recently the mammographic imaging represents the
most efficient diagnostic method used to detect any
breast cancer with high precision depending on the age
of the patient. It was recommended for women to check
her breast regularly from any disease. Also it is highly
recommend to do this examination yearly after the age of
40 throughout a women‘s life (Mossang et al., 2011;
Assiamah et al., 2005; Dance et al., 1999). Based on the
International Commission on Radiological Protection
(ICRP) guidelines, the tissue weighting factor for the
breast is 0.12 for the effective dose dosimetry (ICRP,
2007; Ferreira et al., 2016). It is essential to optimize the
dose transported to the breast to minimize the risk of

Introduction
The most common type of cancer until now is the breast
cancer diseases. Breast cancer represents the main
disease cause of middle aged women all over the world.
It is the highest public concern in the kingdom of Saudi
Arabia (KSA). Women breast cancer is the highest type
of cancer in the kingdom with a total percentage of 22.4
%. Several studies show that the majority of women
breast cancer (21.6%) was observed in age group 30-44
years. While the value reach 16.3% for the age from 45
to 59 years old. Another study in the eastern region of
the kingdom show that the highest value for women
breast cancer reach 28.7% which is the highest value till
now. There are other areas with lower percentage of
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radiation induced cancer. These optimization procedures
must cover benefit and risk in other words to increase the
benefit and minimize the risk. The improvements on the
diagnostic procedure will increase the benefit term in
benefit/risk ratio while minimizing the hazard from
exposing to the harmful radiation represents the risk
factor in that ratio. The actual dose distributed to the
breast depends on the physical and geometrical
parameters of the mammography unit and on the size of
the breast/phantom composition (Dance at al., 1999; EC,
1996). The AGD is the physical quantity dose index that
constitutes the average radiation dose to the breast. This
is because the breast glandular tissues are more
radiosensitive than adipose tissue. The AGD is the most
measure of radiation risk arises from the mammography
unit and currently accepted descriptor to the breast dose.
By measuring the entrance surface exposure to the
breast, the AGD can be estimated through the conversion
of the entrance exposure dose and applying some
conversion factors. The entrance surface exposure can be
determined directly by measuring the output of the X-ray
tube output using mammographic flat ion chamber (Ki et
al., 2003; Assiamah et al., 2005; Florian et al., 2009).
The quality control program is useful to produce high
mammographic image quality with high resolution to
show the anatomy of the breast especially its details and
able to detect and identify any disease signs before
patient’s care is affected. Any small variation or change
in the performance of the screening unit or in the film
processing system (conventional/digital) can affect the
image quality and of course on the value of the dose
delivered to the breast. Based on ACR protocol the
phantoms are important tools for achieving the quality
control procedures for any mammographic unit and to
help in the evaluation of the image and accurate
characterization of patient breast dose (ACR, 1999;
Mitsuhiro et al., 2003; Yanpeng et al., 2010). In this
study, the breast entrance dose and the AGD were
determined using two dosimetry systems (8000 NERO
mAx and RADCAL-9010) for comparison. A
mammographic slab phantom with different thickness
was used in this study. The ACR quality control protocol
for the technical and physical aspects of mammographic
imaging technique was applied.

(tube potential, tube loading, exposure time), patient
information including: age, projection type, and CBT
were collected and recorded. The non invasive X-ray test
device 8000 Victoreen NERO mAx instrument was used
with a mammographic ionization chamber Model
(Victoreen 6000-529, Fluke, Cleveland, OH). The ion
chamber was connected to a calibrated electronic reader.
The radiation monitor controller Model (RADCAL9010) device connected with a dedicated mammographic
chamber Model 10×6-6 was also used for comparison.
Both systems were used to measure the physical
parameters of the mammographic machine, the radiation
output (mGy/mAs), and the breast entrance dose. The
ionization chamber was fixed at the center of the field of
the radiation beam provided that the center of the
chamber was positioned at 4 cm from the chest-wall edge
of the image receptor. The patient exposures were done
in automatic exposure control system (AEC), i.e. the
automatic choice of tube potential and tube current
loading. The beam quality was measured by examining
the half value layer (HVL) thickness at 28 kVp using
high purity aluminum sheets of 99.9% purity. It is
important to mention that, all projections done at a kVp
ranged from 27-28 kVp, 100-120 mAs, with maximum
field size (19×23) cm2, and 60 cm source-to-image
distance (SID).
A slab tissue equivalent phantom with different thickness
was used to study the breast dose without interference
with patient examinations. The thickness of the phantom
used in this study was chosen to be 4.5 cm based on the
average registered clinical value of the CBT for all the
patients under investigation at KAUH. It is important to
mention that, the slab phantom helps us to take more
reproducible results based on the size, shape and the ratio
of mammary glands to fat tissues of the breast. The test
device 8000 Victoreen NERO mAx measures the
average tube potential, the output exposure in unit of
mGy or mR, and the exposure time in (msec), in addition
to the half value layer (HVL) measurements. It was
attached with an external calibrated mammographic ion
chamber 3.3 cc Victoreen Model 6000-529 with a
sensitivity of 1nC/R and energy response within 5%. The
radiation monitor controller (RADCAL corporation
model 9010) measure the output exposure in mGy, the
exposure time in msec, the tube potential and was
attached with external flat ion chamber Model 10x6-6
with energy response over 10-40 keV and the pulse
width extends from 10 ms to 9999s. The flat chamber is
a parallel plate type with a flat response to
mammographic examinations, where its wall is made of
graphite-coated acrylic. The ion chamber was positioned

Materials and Methods
In this study, a GE Senograph 2000 D, manufactured at
USA mammography X-ray machine at King King
Abdulaziz University Hospital (KAUH) was used. The
mammography machine use Mo anode plus molybdenum
filter. The specification of the used machine was shown
in table 1. The clinical radiographic exposure parameters
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at the 4cm reference point (4cm). The compression
paddle was placed on the top of the chamber to avoid all
backscattering effects. Before measuring breast entrance
dose, the quality control program of the machine was
checked and assessed. The image quality was assessed
by using performance breast phantom. The entrance
exposure was converted to the average glandular dose
(AGD) according to the used protocol (Perry et al., 2006;
IAEA, 2007, Marianne et al., 2008; Baoying at al.,
2012). Patients average glandular dose per exposure
were calculated according to equation 1. The average
glandular tissue dose varies with the incident exposure at
the surface of the breast and 4.5 cm CBT.

show good agreements and matching with a previous
data obtained for different authors (Jamal et al., 2011;
Alice, 2012; Soha, 2007).

Assuming that, the composition is 50% glandular tissue
and 50% adipose tissue.

The variation in mammographic tube output (mR/mAs)
versus the nominal tube potential (kVp) is shown in table
3. The measured value of the tube output increases with
increasing the tube potential for the same mammographic
machine.

Performance assessment
The accuracy of tube voltage in the range from 25-29
kVp was acceptable as shown in table 2. It was found
that the measured tube potential has an acceptable error
from the nominal value by about 2.8 % for NERO
system and 4.6% for RADCAL system. Both values are
accepted but NERO system show more stability in the
higher station for tube potential.

AGD = K× c× g× s (1)
Where the factor c converts air kerma for the Perspex
phantom to that for the standard breast (granularity of the
tissue) and the factor g converts air kerma for the
standard breast to the mean glandular tissue dose for Xray spectra obtained from molybdenum target used a
molybdenum filter characterized by the half-value layer
in aluminum. The factor s corrects for X-ray spectral
differences arising from the use of alternative target/filter
combinations (Dance et al., 1999; Boone, 1999, Mariana
et al., 2015). The assumption of 50% granularity is
approximately correct for breast thickness of 4-6 cm. The
mammography ionization chamber was positioned at the
same level (4.5cm) as for the surface of the phantom
above the breast support and 4 cm from the chest wall
edge. The tube potential used in this study ranged from
28-30kVp (same clinical condition), with maximum field
size of 18×24 cm2.

The exposure linearity was measured in which the value
of mR/mAs is determined at constant tube potential
(kVp=29). The ratio mR/mAs were determined at
different value of mAs and were found to be constant as
shown in table 4.
Beam quality (HVL) measurements
Based on the ACR protocol the measurement of the HVL
values was discussed as follow: the exposure was taken
by the detector at clinical exposure factors without
adding any aluminum sheet. Then, by adding aluminum
sheet starting from 0.1 mm Al and fixed on the top of the
compression paddle then another exposure was done to
record a new reading and the results were recorded and
registered. The previous step was repeated by increasing
different aluminum thickness till 0.6 mm Al (high purity
99.0 %) until the new reading reduced in its value and
become less than one-half of the original reading. The
reading can be plotted on a graph scale or in a personal
computer program to determine or to calculate the HVL
with a logarithmic scale interpolation analysis. In our
study, the HVL was checked at clinically used tube
potential (28 kVp) using 8000 NERO mAx non invasive
X-ray test device. table 5 and figure 2 show the results of
the measured HVL at the following clinical exposure
factors (28 kVp, 30 cm SID, 100 mAs, and 9×9 cm2 Field
Size).

Results and Discussion
The mammographic exposure parameters and patient
information's were collected from the patient information
logbook at KAUH radiology department, mammography
section during the period from December 2009 to March
2010. Figure 1 shows the results of the age distribution
of the patient's taken from the clinical records logbook
files. It was found that, about 22% of the patients were
located within the age interval from 46 to 50 years, 21%
within the age interval from 51 to 55 years and 18%
within the age interval from 41 to 45 years. The other
interval was found with low percentage. Approximately,
the majority of the patient ages at KAUH are within the
interval from 41 to 55 years old. The obtained survey

Figure 2 explains the relation between the tube output
exposure against the thickness of the added aluminum
filter. The estimated HVL value was found to be 0.32
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mm Al and within the recommended value for MO/MO
Target /Filter which ranged from 0.31 to 0.38 mm Al i.e.
0.31 < HVL < 0.38 mm Al at 28 kVp (Mossang et al.,
2011, Hendrick, 1999).

beside the phantom (breast-equivalent material) at the
same hight.
Repeated measurements (six) for the entrance surface
exposure show differences between the readings of the
two systems. The average value of the dose measured by
RADCAL system is 11.39 mGy and the corresponding
value for NERO system is 9.64 mGy with a percentage
difference of 15%. The difference between the two
readings may be due to the main characteristic of the
system and the sensitivity of its electronic accessories
such as the used ion chamber. However, the NERO-8000
shows good stability in its reading with coefficient of
variation of 0.04%.

Breast entrance surface exposure dose (mGy)
measurements
The breast entrance exposure was measured using the
two instruments mentioned above. Table 6 shows the
measured dose at 28 kVp, 100 mAs, 60 cm SID, 19×23
cm2 field size, and 4.5 cm compressed breast thickness
(CBT) for off-axis exposure geometry based on ACR
protocol. So the inoization chamber was positoioned

Table.1 Specification of the used mammographic X-ray machine (physical and geometrical) parameters at KAUH
Type of generator
Range of Tube Potential kVp for CC or MLO Projection
Range of Tube Exposure mAs
Focus-to-Film Distance (FFD)
Compressed Breast Thickness (CBT)
Field Size
Target / `Filter Combination
Focal Spot
Inherent Filtration

GE Senograph 2000D
27-28
100-120
650 mm
4.5 mm
19×23 cm2
Mo/Mo
0.15-0.3/0.15-0.3 mm
0.69 mm Be

Table.2 Set and measured tube potential with the percentage of the bias using two instruments (NERO and RADCAL)
Set tube potential
(kVp)
25
26
27
28
29

Measured tube potential (Average value)
X-ray Test Device
RADCAL-9010
24.8
25.9
26.6
26.7
28.2

% Bias
0.8
0.4
1.5
4.6
2.8

8000 NERO mAx
25.7
26.5
27.5
28.5
29.6

% Bias
2.8
1.9
1.9
1.8
2.1

Table.3 The measured values of the output exposure at different values of tube potential
Set kVp
25
26
27
28
29

Measured output (mR)
743.5
854.3
973.8
1099
1231

SID = 60 cm, mAs =100
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mR/mAs
7.44
8.54
9.74
10.99
12.31
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Table.4 The variation in output of X-ray tube at constant tube potential
Nominal mAs
63
71
80
100
110

Measured output (mR)
772.9
871.9
982.9
1231
1354

mR/mAs
12.26
12.28
12.29
12.31
13.54

SID = 60 cm, kVp = 29, 19×23 cm2, CV = 4%.

Table.5 The measured values of the HVL at different thicknesses from aluminum attenuators
Reading
No.

kVp Avg.

Measured
time msec

1
2
3
4
5
6
7

28.2
28.4
28.7
29.0
29.2
28.5
29.7

1.053
1.053
1.053
1.053
1.053
1.052
1.052

Attenuator
thickness
(mm Al)
0
0.1
0.2
0.3
0.4
0.5
0.6

output Exposure
(mR)

Normal
Exposure

1102
891.8
732.1
608.9
508.2
429.1
383.7

1.0
0.81
0.66
0.55
0.46
0.39
0.35

Table.6 Measured breast entrance dose (mGy)
No.
1
2
3
4
5
6

RADCAL-9010 system
11.38
11.38
11.39
11.38
11.39
11.39

8000 NERO mAx system
9.65
9.64
9.64
9.64
9.64
9.64

Table.7 Calculated average glandular dose (AGD) in mGy
No.
1
2
3
4
5
6

(RADCAL-9010)
2.23
2.23
2.23
2.23
2.23
2.23
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(8000 NERO-mAx)
2.21
2.21
2.21
2.21
2.21
2.21
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Fig.1 Pie chart for the age distribution for women patients at KAUH mammography projection

Fig.2 The measured values of the HVL at different thicknesses from mm Al attenuators

Fig.3 Histogram of the average glandular dose measured by RADCAL 9010 and NERO mAx system
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Average glandular dose calculation
The average glandular dose was determined by applying
equation 1 and some conversion factors according to the
applied protocol based on the breast compressed
thickness, the value of the factors g, c, and s was selected
in addition to the determined value of the HVL was
introduced in equation 1 to calculate the average
glandular dose. Table 7 shows the value of the AGD in
mGy based on RADCAL-9010 and 8000 NERO-mAx
measurements taking in consideration the value of the
following factors (g = 0.177, c = 1.105, s =1). These data
was presented in figure 3. The calculated average
glandular dose does not exceed the recommended
international value (3 mGy). There is a good linearity
between the readings for both instruments and the mean
value of the glandular dose and it seem to be around 2.2
mGy.
Conclusion
The average MGD per film was found to be 2.2 mGy in
the present study which is lower than the international
reference value (3.0mGy). This indicate that the
mammography machine at KSAH capable of achieving
acceptable dose levels for all mammographic projections
such as Cranial-Caudal view and The Mediolateral
Oblique view. A quality control protocol is important
and necessary to achieve an optimum mammographic
image quality which enables us to evaluate correctly the
function of the mammographic machine. The used
instruments show good agreement and satisfactory in
measuring the tube potential, exposure time, tube output
exposure and the absorbed dose delivered to the breast.
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