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Abstract
	 Background:	 Optimisation	 of	 average	 glandular	 dose	 (AGD)	 for	 two-dimensional	 (2D)	
mammography	is	important,	as	imaging	using	ionizing	radiation	has	the	probability	to	induce	cancer	
resulting	from	stochastic	effects.	This	study	aims	to	observe	the	effects	of	kVp,	anode/filter	material,	
and	exposure	mode	on	the	dose	and	image	quality	of	2D	mammography.
	 Methods:	This	experimental	study	was	conducted	using	full-field	digital	mammography.	The	
entrance	surface	air	kerma	was	determined	using	thermoluminescent	dosimeter	(TLD)	100H	and	
ionization	chamber	(IC)	on	three	types	of	Computerized	Imaging	Reference	System	(CIRS)	phantom	
with	50/50,	30/70,	and	20/80	breast	glandularity,	respectively,	in	the	auto-time	mode	and	auto-filter	
mode.	The	Euref	protocol	was	used	to	calculate	the	AGD	while	the	image	quality	was	evaluated	using	
contrast-to-noise	ratio	(CNR),	figure	of	merit	(FOM),	and	image	quality	figure	(IQF).
	 Results:	 It	 is	shown	that	AGD	values	in	the	auto-time	mode	did	not	decrease	significantly	
with	 the	 increasing	 tube	voltage	of	 the	silver	filter	 (r	=	−0.187,	P	>	0.05)	and	rhodium	filter	 (r	=	
−0.131,	P	>	0.05)	for	all	the	phantoms.	The	general	linear	model	showed	that	AGD	for	all	phantoms	
had	a	significant	effect	between	different	exposure	factors	[F	(6,12.3)	=	4.48	and	mode	of	exposure	
F	(1,86)	=	4.17,	P	<	0.05,	respectively]	but	there	is	no	significant	difference	between	the	different		
anode/filter	combination	[F	(1,4)	=	0.571].
	 Conclusion: In	summary,	the	28,	29,	and	31	kVp	are	the	optimum	kVp	for	50%,	30%,	and	
20%	breast	glandularity,	respectively.	Besides	the	auto-filter	mode	is	suitable	for	50%,	30%,	and	20%	
breast	glandularity	because	it	is	automatic,	faster,	and	may	avoid	error	done	by	the	operator.
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Introduction

 Many mammography systems are supplied 
with the ability to automatically select a beam 
quality tailored and use manually set tube 
potential and target filter. It is well known from 
a theoretical consideration that the optimal 
energy is different for breasts of different sizes 
and compositions. The optimum spectrum for 
mammography requires a compromise between 
image contrast (maximised with lower energies), 
radiation dose (minimised), image statistical 
noise (minimised) with a higher incident exposure 
to the detector), and constraints on tube loading 
or maximum exposure time (1).

 The optimised anode/filter combination 
in digital mammography, with the highest 
image quality and the lowest possible average 
glandular dose, can be evaluated in the following 
manner. A technical image quality evaluation 
included phantom images, signal to-noise 
(SNR), and contrast-to-noise (CNR) analysis 
together with average glandular dose information 
(1). A relatively new concept in assessing the 
performance of digital mammography systems is 
that of the figure-of-merit (FOM) and the image 
quality figure (IQF) value using the contrast detail 
mammography (CDMAM) phantom. 
The IQF is the parameter used to calculate the 
image quality taking into account the contrast 
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and detail resolution of the image analysed. The 
contrast-detail curve is useful as a measure of 
the image quality too, because it is a graphical 
representation in which the whole thickness and 
diameter are plotted for each contrast-detail 
combination detected in the radiographic image 
of the phantom (2). 
 An FOM has been used to compare techniques 
and exposure factors in the optimization of 
mammography systems; (3,4,5) thus, it has been 
used to compare the performance of similar digital 
mammography systems employing different 
spectra (6) and has also been more rarely used to 
compare different digital mammography systems. 
 A critical factor determining both image 
quality and dose is the spectral composition of the 
X-ray beam. The energy spectrum is determined 
primarily by the tube target material, the amount 
and type of internal and external filtration, and 
the tube’s operating voltage (the kVp). Clinical 
trials and scientific investigations have found 
that a tungsten X-ray tube with rhodium (Rh) 
and silver (Ag) filters is optimal to be used in 
digital mammography for all breast thicknesses 
and will allow for important dosage reductions in 
the order of 30% while maintaining an excellent 
image quality (7). 
 The objective of the study is to observe the 
effects of kVp, anode/filter material, and exposure 
mode on the dose and image quality for two-
dimensional mammography.

Materials and Methods

 The experiment was conducted at the Breast 
Clinic using Hologic Selenia dimensions full-field 
digital mammography (Hologic, Bedford, United 
States). Full-field digital mammography (FFDM) 
with AWS 5000 is equipped with a Tungsten 
(W) anode X-ray tube, with a choice of Rh or 
Ag filtration (50 mm thick, each). The Selenia 
Dimensions from Hologic use TFT-based Direct 
Capture Technology-based detectors overlaid with 
amorphous selenium. The pixel matrix is 3328 × 
4096 pixels with a pixel pitch of 70 µm for a 24 × 
29 cm active image area. The Selenia Dimensions 
has four modes of automatic exposure control: 
auto-filter, auto-KV, auto-time, and thickness 
equivalent control.
 Figure 1a shows three types of phantoms 
used for this experiment. The average elemental 
composition of the human breast being mimicked 
is based on the individual elemental composition 
of adipose and glandular tissue as reported 
by Hammerstein et al. (8). The first phantom 
composed of 20% glandular and 80% adipose 

tissue of tissue equivalent breast phantom (Breast 
phantom, Computerized Imaging Reference 
Systems (CIRS), Norfolk, Virginia) with 6 cm 
thickness, the second phantom 30/70 with 5-cm 
thickness, and the third phantom is 50/50 with 
4 cm thickness. CIRS resin material mimics the 
photon attenuation coefficients of a range of 
breast tissues. In each phantom stack assembly, 
the signal block contains spec groups (0.13 to 0.40 
mm in diameter) that simulate microcalcification, 
nylon fibers (0.30 to 1.25 mm) that simulate 
fiber, and hemispheric masses (0.90 to 4.76 mm 
in thickness) that simulate masses. Test objects 
within the phantom range in size from objects 
that should be visible on any system to those 
that would be difficult to resolve even on the best 
mammographic system are available today. 
 Acquisition of mammograms was undertaken 
with two parameters: first with automatic 
exposure control (AEC or auto-filter) and second 
with the auto-time mode; the system selected 

Figure	 1:	 (a) Three types of CIRS breast          
phantoms used in this research, 
(b) The MPV signal and MPV 
background were measured at 
that particular area on the CIRS 
phantom.
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the mAs, whereas the operator selected the filter 
and kVp manually. There are two types of filters 
used (Argentum and Rh), with each filter being 
exposed to 26, 28, 30, 32, and 34kVp, respectively. 
Both exposures were made with craniocaudal 
projection, with the phantoms positioned at the 
chest wall edge of the receptor, centered left to 
right, with the source to image distance of 65 cm, 
the focal spot size broad, and the compression 
force of 10 N. 
 The method describe in International Atomic 
Energy Agency (IAEA) TRS 457 for the assessment 
of the dose was followed (9). Thermoluminescent 
dosimeter 100-H (TLD-100H) was placed on 
top of the phantom to measure the entrance 
surface air kerma (ESAK) (Figure 2a). The half 
value layer (HVL) for each beam quality was 
measured using an ionization chamber (Model 
9095 Radcal Corporation) with the compression 
paddle as described in the same report (TRS 
457). TLDs were calibrated in terms of air kerma 
at mammographic energies, using all anode/
filter combination as used in normal practice. An 
ionization chamber was used to calibrate TLDs 
(Figure 3). The ionization chamber was placed 
at the same effective point of the measurements 
and exposed to the same dose as TLDs so that 
the energy responses were consistent because 
it was calibrated at the same energies where the 
measurements were taken (10). 
 The experiment was repeated using the 
calibrated ionization chamber (Radcal 9095, 
Radcal Corporation, Monrovia, California, 
USA) with the same exposure parameters. 
The phantom was removed and the ionization 
chamber was placed on the reference point of 
the radiation detector at the mammographic 
reference point, 45 mm above the cassette table 
and 40 mm from the chest wall edge and centered 
with respect to the lateral direction (Figure 2b). 
The compression plate was in contact with the 
detector. The exposures were made using the tube 
loading obtained from the previous experiment 
by International Atomic Energy Agency (IAEA) 
2006. The entire experiment was repeated three 
times for consistency.
 The AGD was calculated for each 
combination parameter of those settings (anode/
filter combination, kVp, and mAs values) chosen 
by the system, by applying published conversion 
factors to the ESAK previously measured using 
the European protocol.

 AGD = ESAK. g. c. s (11,12,13)       Equation 1

 ESAK is the incident air kerma at the 

upper surface of the breast, measured without 
backscatter, g-factor is the incident air kerma 
to the average glandular dose conversion factor, 

Figure	 2:	 (a) ESAK measurement with TLD 
100H on the CIRS breast phantom, 
(b) ESAK measurement with the 
ionization chamber was placed on 
the reference point of the radiation 
detector without breast phantom.

Figure	3: Calibration process of the TLD 100H 
with IC.
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factor c corrects for any difference in breast 
composition from 50% glandularity, and factor 
s corrects for any difference due to the use of a 
different X-ray spectrum. 

Image quality assessment
 CNR was calculated according to the 
definition in the European guidelines for quality 
assurance in mammographic screening and 
followed the same method as Kanaga et al. (13).

Equation 2

 The mean pixel value (MPV) signal was 
measured in an area of 100% glandularity of 
the step wedge (center of the step wedge), MPV 
background is the mean pixel value measured in 
the reference zone, and standard deviation (SD) 
signal and SD background. The size of the region 
of interest used was 0.8cm × 0.8cm (Figure 1b). 
The FOM, typically used for the optimization of 
tube voltage in digital systems was calculated 
to analyze the effectiveness of each mode of 
exposure.

 FOM =              Equation 3

 The FOM was calculated for all acquisition 
conditions and plotted as a function of kV for 
the three phantom thicknesses. An optimal 
peak tube voltage was determined by taking the 
maximum value of the FOM for each anode/filter 
combination. These values were compared with 
those chosen by the system when operating in the 
auto-filter mode.

Contrast detail mammography (CDMAM) 
 The phantom used in this work is the 
CDMAM 3.4 (Artinis, Nijmegen, Netherlands) 
consisting of an aluminum base with gold disks 
of various thickness and diameters, which 
attaches to a plexiglas cover (Figure 4a). The gold 
disks range in diameter from 0.06 to 2.0 mm 
and in thickness from 0.03 to 2.0 μm, resulting 
in a radiation contrast range of 0.5–30% at 
standard mammography exposure conditions. 
Contrast detail measurements were made using 
a CDMAM phantom, with a 20 mm thickness 
of polymethylmethacrylate (PMMA) above and 
below the phantom. The total attenuation is 
equivalent to a 50 mm thickness of PMMA or a 
60 mm thickness of typical breast tissue. Sets 
of 16 images were obtained, using exposure 
factor similar to that of the previous experiment. 

Figure	 4: (a) Contrast detail mammography 
(CDMAM) phantom, (b) Contrast 
detail curve to calculate image quality 
figure (IQF) value automatically.

Threshold contrasts were derived from curves 
fitted to the results, as described in the UK 
protocol (Figure 4b) (15, 16). 

Statistical analysis 
 The general linear model was used to 
demonstrate a significant difference between 
different combination of anode/filter and tube 
voltage of the AGD using TLD. Pearson test was 
also used to see the correlation between the 
AGD value of TLD with different tube voltage, 
anode/filter combinations, and CNR. Statistical 
significance is deemed to occur when the P value 
is less than 0.05.

Results

 In this study, three phantoms were used to 
compare the radiation dose between two different 
filters (Ag vs Rh) received by five different tube 
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Figure	5:	(a) The CNR value for 20/80 phantom, 
(b) the CNR value for 30/70 phantom, 
(c) the CNR value for 50/50 phantom.

Figure	6:	(a) The FOM value for 20/80 phantom, 
(b) the FOM value for 30/70 phantom, 
(c) the FOM value for 50/50 phantom.

Figure	7: Image quality figure (IQF) versus tube 
output (kVp) shows the highest IQF, 
and the optimum tube potential is 28 
kV with respect to all spectrums.

outputs (26, 28, 30, 32, and 34 kVp) in the auto-
time mode (Table 1). The result was divided into 
three phantoms: 20/80 (6 cm), 30/70 (5 cm), 
and 50/50 (4 cm). The AGD value obtained from 
the experiment increased with thickness. The 
radiation dose was lower in the auto-time mode 
than the with auto-filter mode. All phantoms have 
a lower AGD with a higher kVp 32 to 34 compared 
with a lower kVp 26 and 28. It is shown that AGD 
values in the auto-time mode did not decrease 
significantly with the increasing tube voltage of 
the Ag filter (r = −0.187, P > 0.05) and Rh filter          
(r = −0.131, P > 0.05) for all the phantoms. 
 The CNR and FOM values were plotted 
against the tube potential for each anode/filter 
combination, respectively (Figures 5a–5c), 
(Figure 6a–6c). The CNR and FOM values are 
higher with a lower kVp compared with a higher 
kVp. Observed from figures 5a–5c and figure 6a–
6c, the optimum kVp was 26 and 28, respectively. 
Spectrum Rh has a higher value of FOM and CNR 
for all phantoms. For the CDMAM phantom, the 
IQF value was higher with a lower kVp (28kVp) 
(Figure 7 and Table 2). In contrast, the IQF value 
was lower with 26 kVp, unlike FOM and CNR. 
Therefore, 26 kVp was not the optimum kVp for 
both spectrums.

 The correlation between the AGD value of 
the TLD and ionization chamber (IC) is positive                   
(r = 0.846, P < 0.05) and showed that the AGD 
value used for TLD-100H and the ionization 
chamber is in agreement. The AGD value using 
TLD and the ionization chamber displayed in 
table 1 showed that the maximum difference is 
at a high kVp for each phantom. The difference 
between TLD and IC is between 13–52%. 
 There is a strong correlation between the 
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Table	1: Effect on dose, CNR and FOM of different mode of exposure for simulated breast phantom
Exposure	
mode	and	
phantom

Tube	
output	
(kVp)

mAs Anode/
filter

AGD
TLD
(mGy)

AGD
IC

(mGy)

CNR FOM

Auto-Time
20/80

26 225 W/Ag 2.84 ± 0.08 1.89 ± 0.01 7.99 ± 0.08 22.5 ± 0.48
28 163 W/Ag 2.62 ± 0.08 1.44 ± 0.01 7.7 ± 0.26 22.48 ± 1.5
30 114 W/Ag 2.6 ± 0.18 1.57 ± 0.01 7.3 ± 0.37 21.2 ± 0.89
32 78 W/Ag 2.3 ± 0.06 1.41 ± 0.01 6.26 ± 0.3 20.2 ± 1.4
34 54 W/Ag 2.09 ± 0.03 1.25 ± 0.01 6.05 ± 0.16 17.5 ± 0.93

26 347 W/Rh 3.2 ± 0.03 2.56 ± 0.01 9.6 ± 0.3 29 ± 1.8
28 228 W/Rh 2.82 ± 0.01 2.14 ± 0.01 9.45 ± 0.13 32 ± 0.89

30 199 W/Rh 2.67 ± 0.14 1.97 ± 0.01 8.2 ± 0.3 27.2 ± 1.9

32 142 W/Rh 2.28 ± 0.01 1.8 ± 0.02 7.4 ± 0.22 23.9 ± 0.78

34 84 W/Rh 2.0 ± 0.18 1.3 ± 0.01 6.16 ± 0.14 19.02 ± 1
Auto-Filter
20/80

31 171 W/Rh 2.44 ± 0.13 1.9 ± 0.01 8.42 ± 0.15 27.8 ± 1

Auto-Time
30/70

26 112 W/Ag 2.2 ± 0.05 1.22 ± 0.01 6.98 ± 0.4 21.67 ± 4.2

28 104 W/Ag 2.03 ± 0.08 1.08 ± 0.01 6.7 ± 0.25 22.49 ± 2.7

30 77 W/Ag 1.89 ± 0.01 0.89 ± 0.01 6.55 ± 0.04 22.14 ± 0.31

32 55 W/Ag 1.81 ± 0.4 0.78 ± 0.01 5.93 ± 0.04 18.7 ± 0.13
34 31 W/Ag 1.65 ± 0.08 0.76 ± 0.01 5.39 ± 0.08 16.06 ± 0.27

26 173 W/Rh 2.23 ± 0.04 1.57 ± 0.01 8.3 ± 0.12 31 ± 3.6

28 164 W/Rh 2.17 ± 0.08 1.15 ± 0.01 8.09 ± 0.25 30.18 ± 1.8

30 124 W/Rh 1.9 ± 0.11 1.09 ± 0.01 7.6 ± 0.06 30.5 ± 0.51

32 78 W/Rh 1.77 ± 0.01 0.96 ± 0.01 6.6 ± 0.07 24.9 ± 0.32

34 49 W/Rh 1.41 ± 0.18 0.63 ± 0.01 5.5 ± 0.15 21.4 ± 1.2

Auto-Filter
30/70

29 53 W/Rh 1.78 ± 0.08 1.27 ± 0.01 7.7 ± 0.32 32.3 ± 1.74

Auto-Time
50/50

26 80 W/Ag 1.24 ± 0.19 0.79 ± 0.01 5.96 ± 0.11 29.6 ± 0.24

28 55 W/Ag 1.2 ± 0.04 0.75 ± 0.01 5.59 ± 0.24 26.6 ± 2.72

30 65 W/Ag 1.11 ± 0.04 0.63  ±0.01 5.35 ± 0.13 25.8 ± 1.28

32 33 W/Ag 1.01 ± 0.15 0.57 ± 0.01 5.04 ± 0.23 25.2 ± 2.4

34 23 W/Ag 0.76 ± 0.05 0.56 ± 0.01 4.47 ± 0.07 26.3 ± 0.8
26 93 W/Rh 1.2 ± 0.01 0.94 ± 0.01 6.9 ± 0.08 39.5 ± 0.98

28 96 W/Rh 1.16 ± 0.03 0.70 ± 0.01 7 ± 0.21 41.9 ± 3.1

30 74 W/Rh 1.1 ± 0.03 0.71 ± 0.01 6.25 ± 0.29 33.7 ± 3.1

32 52 W/Rh 1.0 ± 0.01 0.61 ± 0.01 5.5 ± 0.17 27.2 ± 1.7

34 34 W/Rh 0.8 ± 0.03 0.62 ± 0.01 4.7 ± 0.15 27.7 ± 1.8

Auto-Filter
50/50

28 91 W/Rh 1.16 ± 0.12 0.96 ± 0.01 6.5 ± 0.26 40.8 ± 1.8

Abbreviations: AGD = average glandular dose; CNR = contrast-to-noise ratio; FOM = figure of merit; W/Ag = Tungsten/
Argentum; W/Rh = Tungsten/Rhodium.
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AGD (using TLD) with a CNR value for 20/80 
breast phantom (r = 0.804), whereas for phantom 
30/70, a moderate correlation was observed                 
(r = 0.5543) and for phantom 50/50, moderate 
correlation (r = 0.675) was observed. It is shown 
that the CNR increases significantly when the 
AGD value increases. 
 The general linear model showed that the 
AGD value for all phantoms had a significant effect 
between different exposure factors [F(6,12.3) 
= 4.48] and mode of exposure [F(1,86) = 4.17, 
P < 0.05] but there is no significant difference 
between different the anode/filter combination 
[F(1,4) = 0.571].

Discussion

 In particular, in the radiation dose between 
the tube output (kVp) for a lower kVp 26, 28, 
and 30, the Argentum filter has the lowest AGD 
compared with the Rh filter because the W/Ag 
combination produces more penetrating X-ray 
beams. These present a higher value of HVL and a 
lower value of AGD due to a minimum filter of 0.5 
mm Ag, which is useful to attenuate the unwanted 
L X-rays (6). 
 The lower kVp of 26 and 28, in the auto-
time mode, lengthened the exposure times for 
phantoms 20/80 and 30/70, respectively. The 
long exposure time of more than 4 s is impossible 
because it will increase the risk of hitting a back-up 
timer and terminating the exposure prematurely. 
Moreover, with a lower kVp, it may lengthen 

the exposure time and increase the heat to the 
X-ray tube, and thus reducing the life-span of the 
X-ray tube. However, in the auto-filter mode, the 
exposure time is a short, thus preventing patient 
movement and blurring (15). 
 Although a high kVp (32–34) contributed 
to a lower radiation dose, it is important to 
investigate the image quality resulting from the 
exposure. In this study, FOM and the CDMAM 
phantom were used to assess image quality. 
Results reported in figure 5 and 6 showed that 
for each breast glandularity and anode/filter 
combination, the curves have a similar shape. 
As anticipated, subject contrast decreases with 
increasing kVp because of the decrease in the 
difference in the linear attenuation coefficients 
of the step-wedge and background materials (4). 
The CNR curves for W/Rh were higher compared 
with those for W/Ag. The CNR value, for a 6 
cm thickness phantom has a higher CNR than a 
thinner phantom because of higher doses selected 
for thicker breasts (15). It is consistent with the 
statistical analysis that showed CNR increases as 
the AGD increases. In digital mammography, post-
processing can be done to improve the contrast 
with changes in noise. Consequently, CNR is the 
best suited parameter to assess image quality 
objectively, since it shows how good the contrast 
is compared with the noise in a given image (16). 
However, the problem with CNR (and SNR) is 
that it is a system-dependent measurement, not 
only in terms of image processing but also when 
considering detector-related characteristics such 
as the pixel size (16).
 Meanwhile this FOM, particularly the one 
defined in equation 3, is useful for investigations 
to compare the relative trade-off between the 
image quality and dose for a given imaging system 
when operational parameters are varied. The 
FOM has also been very useful in the assessment 
of AEC in mammography systems to ensure that 
the right exposure parameters are being selected 
for a specified breast thickness (17). The FOM 
should be independent of the dose level employed, 
given that the system used is quantum limited 
(6). If electronic or structural noise contributes 
to the total noise in addition to quantum noise, 
some results could be different. In this study, 
FOM values were higher for the 4 cm thickness 
phantom compared with the 6 cm thickness 
phantom (Figures 6a–6c). In particular, the FOM 
calculated for higher dose values could be lower. 
However, because the detector incorporated by 
the systems is the same, the comparison between 
the results is still valid (5).
 It may be worth considering using a different 

Table	 2:	CDMAM image quality figure (IQF) 
for different types of exposure mode

Mode	of	
exposure

Tube	output	
(kVp)

Anode/
filter

IQF

Auto-Time 26 W/Ag 90.1
28 W/Ag 97

30 W/Ag 98.3

32 W/Ag 89.4

34 W/Ag 77

26 W/Rh 95.8

28 W/Rh 105.9

30 W/Rh 100.6

32 W/Rh 94.6

34 W/Rh 79.1

AEC 28 W/Rh 106.7
Abbreviations: W/Ag = Tungsten/Argentum; W/Rh = 
Tungsten/Rhodium; IQF = Image quality figure.
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approach to the image quality analysis rather 
than CNR in defining the FOM, such as threshold 
contrast or the threshold contrast detectability 
index (17). One of the best methods to measure 
the quality objectively is the IQF. A comparison 
was made between the tube output and mode of 
exposure (auto-time and auto-filter) (Table 1). The 
curve for W/Rh was higher compared with that for 
W/Ag. In particular, W/Rh in the auto-time mode 
produces the highest IQF, and the optimum tube 
potential is 28 kV with respect to all spectrums 
(Figure 7). This result is consistent with FOM that 
it showed how a lower kVp obtained a higher score 
compared with a higher kVp, because a higher 
kVp will increase scatter radiation, thus reducing 
image contrast. Although 26 kVp was better in 
FOM, in terms of contrast and object detectability, 
it is lower than 28 kVp. The role of CDMAM in 
evaluating the quality of the image is well-known; 
nevertheless, by combining the results of the 
dose (from the CIRS phantom) and image quality 
measurements, optimum exposure factors could 
be calculated for each system as those that would 
enable it to reach the achievable image quality 
standard in the European Guidelines at the lowest 
dose (18).
 The anode/filter combination with the W/
Rh and W/Ag spectra, produced a better CNR 
and FOM for the lower kVp (28–30) with respect 
to all breast glandularity (Figures 5a–5c, and 
6a–6c). The results obtained here are comparable 
with those from previous studies. For example, 
William et al. (4) stated that the SNR versus kVp 
curves for the two amorphous selenium FFDM 
systems Selenia and Mammomat Novation DR 
exhibited peaks around 26–29 kVp, with the 
SNR steadily falling with a decreasing kVp below 
the peak value, as well as with an increasing 
kVp above it. As far as the comparison of W/Rh 
and W/Ag is concerned, it is possible to achieve 
an increase in the FOM with an Rh filter, which 
correlates with the manufacturer’s suggestion to 
use the Tungsten/Rh (W/Rh) combination for 
breast phantom thickness of 4 cm and less than          
7 cm (19). 
 In particular, in the mode of exposure 
preference for phantom 50/50, the auto-filter 
mode showed comparable CNR and FOM values 
with 28 kVp selected, whereas for phantom 
30/70, FOM was better with 29 kVp (auto-filter) 
compared with 28 kVp; therefore, 29 kVp is the 
optimum kVp for phantom 30/70. Hence, the 
auto-filter mode is suitable for 50% and 30% 
glandularity. Whereas for thicker and fatty tissues, 
in the 20/80 phantom, there is a 15% increase 
of the FOM value with 28 kVp in the auto-filter 

mode, but with an increase of AGD for about 22%. 
If the kVp is 32, the FOM and AGD is 23.9 and 
2.28 mGy, respectively, but the FOM and AGD 
decrease to about 14% and 6.6%, respectively, 
compared with the auto-filter mode. Because the 
CNR and FOM for the auto-filter mode is high 
compared with those for 32 kVp, it is better to 
choose the auto-filter mode with 31 kVp as the 
optimum kVp for the 20/80 phantom. Besides 
the CDMAM finding showed that in the auto-filter 
mode, the image has a higher contrast compared 
with the auto-time mode. Thus it is worth to 
use the auto-filter mode because it is automatic, 
faster, and easier for the operator task. 
 The correlation between the AGD value of 
the TLD and ionization chamber is strong and in 
agreement with the previous studies by Hobbs 
et al. and Wochos et al. (20, 21). The variation 
between the ionization chamber measurements 
and TLD measurements ranged from 4% to 
24% in a study by Ng et al. (22), whereas in this 
study, it ranged from 13 to 52%. The readings 
are different between TLD and IC because of the 
TLD group itself, TLD reader, and calibration 
procedure. According to previous research, the 
uncertainty of the dose measurement is specified 
to be 12.98% because of different sources of 
uncertainty of the TLD badge and system (23). 
Apart from that, during the dosimetry with IC, 
the phantom was not present; thus there is a 
possibility that the dosage calculated is less than 
the actual dosage. Nevertheless, the diameter of 
the ionization chamber is thick to be put on the 
phantom, whereas the TLD size is thin, small, 
and equivalent to tissue material, and thus, it is 
easier to be put on the phantom. Moreover the IC 
reading is real-time, and thus, it is convenient and 
speeds up the dosimetry process
 There a few limitations of this study. The 
CIRS breast phantom comes with specific 
glandularity and thickness, but it has superior 
image quality and detail; therefore, AGD was 
measured for specific breast thickness. In the 
future, further studies on the various thicknesses 
should be conducted.

Conclusion

 In summary, slight changes in the tube output 
(±1) could alter the radiation dose delivered to the 
patient and the image quality as well; however, 
the exposure factor should be modified only by an 
expert operator. The radiation dose to the breast 
does not only depend on kVp but also on mAs 
and the anode/filter combination. Therefore, the 
optimum kVp specific for each breast glandularity 
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should be identified in order to minimize the 
dose. In this study, the optimum tube output is 
28, 29, and 31 kVp for 50%, 30%, and 20% breast 
glandularity, respectively. Besides the auto-filter 
mode is suitable for 50%, 30%, and 20% breast 
glandularity, respectively, because it is automatic, 
faster, and may avoid error created by the 
operator. The CNR increases when the AGD value 
is increased; therefore, factors such as kVp, filter, 
and compression should be optimised in a manner 
such that the lowest dose as possible is obtained 
without compromising the image quality (13).
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