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Figure 11  Dose to reach minimum acceptable image quality standard for 0.1 mm detail. Error bars indicate 95% 
confidence limits.

Figure 12  Dose to reach achievable image quality standard for 0.1 mm detail. Error bars indicate 95% confidence 
limits.
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Figure 14  Dose to reach achievable image quality standard for 0.25 mm detail. Error bars indicate 95% confidence 
limits.

Figure 13  Dose to reach minimum acceptable image quality standard for 0.25 mm detail. Error bars indicate 95% 
confidence limits.
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3.6	 Optimisation

The target CNR corresponding to the achievable image quality standard was calculated to be 6.0. The MGDs 
required to reach this target CNR for each beam quality and thicknesses of PMMA are shown in Figure 14. 
From these data the optimal beam qualities and mA s were calculated and are shown in Table 9. Table 10 shows 
a similar calculation using the kV/target/filter combinations selected by the AEC in standard dose mode along 
with the mA s necessary to achieve a CNR of 6.0.

Table 9  Optimal factors to reach achievable image quality (ie where CNR = 6.0) at the lowest dose

PMMA 
thickness 
(mm)

kV  
target/filter

BGD pixel 
valuea mAs MGD (mGy)

Dose 
compared to 
standard dose 
AEC selection

Remedial 
dose level 
in NHSBSP 
protocol 
(mGy)

20 28 W/Rh 235 41 0.22 37% 1.0
30 28 W/Ag 335 61 0.36 44% 1.5
40 28 W/Ag 371 83 0.62 53% 2.0
45 31 W/Ag 441 113 0.89 60% 2.5
50 28 W/Ag 401 107 1.02 64% 3.0
60 31 W/Ag 511 126 1.60 80% 4.5
70 34 W/Ag 694 133 2.37 95% 6.5
aBackground pixel values have been offset corrected.

Table 10  Settings required to reach achievable image quality (ie CNR = 6.0) using the beam quality selections made 
by the AEC in standard dose mode

PMMA 
thickness 
(mm)

kV 
target/filter

BGD pixel 
valuea mA s MGD (mGy)

Dose saving if 
optimal beam 
quality used

Remedial 
dose level 
in NHSBSP 
protocol 
(mGy)

20 25 W/Rh 546 16 0.23 5% 1.0
30 26 W/Rh 542 28 0.37 3% 1.5
40 28 W/Rh 541 45 0.63 1% 2.0
45 28 W/Rh 546 62 0.81 9% 2.5
50 30 W/Rh 514 73 1.09 6% 3.0
60 29 W/Ag 593 100 1.59 0% 4.5
70 32 W/Ag 620 132 2.48 4% 6.5
aBackground pixel values have been offset corrected.
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Figure 15  MGD to reach the achievable image quality standard in the NHSBSP protocol (ie CNR  = 6.0). Error bars 
indicate 95% confidence limits.
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4.	 DISCUSSION

The detector response was linear with a pixel value offset of about 50. The noise analysis confirmed that 
quantum noise is the dominant noise source. As with most systems, there was also evidence of some electronic 
and structural noise. In all three dose modes, the AEC resulted in doses to simulated breasts that were well 
below the limits in the NHSBSP protocol. The doses for the standard breast simulated with 45 mm of PMMA 
in the three modes were 1.47, 1.08 and 0.65 mGy. At this thickness, an upper limit of 2.5 mGy is applied by 
the NHSBSP. The doses displayed by the system were slightly lower than calculated. It is believed that this 
may be explained by the use of a different breast model to estimate the dose.

The three AEC dose modes resulted in approximately constant background pixel values of about 550, 390 and 
210. The AEC chose the W/Rh target/filter combination for simulated breast thicknesses of less than about 
70 mm. The W/Ag combination was selected for larger thicknesses. The tube voltage selection rose gradually 
with increasing thickness. The net result of these choices was that the CNR values were relatively high for 
thinner breasts but dropped steeply with increasing breast thickness. Comparison with the CNR necessary to 
reach the achievable and minimum acceptable image quality levels showed that in the standard dose mode the 
CNR was sufficient to ensure that achievable image quality is met or exceeded at all thicknesses. Using the 
limited dose mode resulted in CNR values that were much lower but just exceeding the minimum standards 
in the European protocol.

The image quality measurements indicated that, for the standard thickness tested (equivalent to 50 mm thickness 
of PMMA, ie 60 mm of typical breast), the image quality was better than the achievable levels at the current 
standard dose AEC setting. In this mode, the AEC selected a dose of 1.68 mGy using 30 kV W/Rh. This is 
slightly higher than the 1.58 mGy found when using the AEC in this mode with a 5 cm thickness of PMMA 
and suggests that the equivalence is not exact or that the AEC was affected by the details in the test object. 
Figure 9 shows that the use of the low dose mode will result in an image quality between the minimum and 
achievable. The use of the limited dose mode resulted in a dose of 0.65 mGy, and an image quality close to 
the minimum standard. A dose of about 0.71 ± 0.15 mGy was calculated to be necessary to reach the minimum 
image quality level for this equivalent breast thickness. A dose of about 1.48 ± 0.07  mGy was calculated to be 
necessary to reach the achievable image quality level for this equivalent breast thickness.

A previous report on the Siemens Novation system found that there was a dose saving of about 15% by using 
a tungsten target with a rhodium filter rather than a molybdenum target with a rhodium filter.12 In that case 
all the measurements were on the same system. In this report it is harder to verify the dose advantage of the 
tungsten target as the comparative measurements are from a different system. The doses required to reach 
the acceptable and achievable image quality levels are higher than reported previously for the Selenia with a 
molybdenum tube where automated threshold contrast is used. However, the reverse seems to be true when 
the thresholds were determined by human readers. It can be expected that the Selenia systems will also show 
a 15% dose saving by using a tungsten tube. This is consistent with the data shown here, although the errors 
in the measurements are quite large and it is difficult to confirm this without having the tubes fitted to the 
same system. It is also noted that all the systems that use the Hologic detector (ie Selenia (Mo), Selenia (W) 
and Novation) require very low doses to produce excellent image quality.

The optimisation study demonstrated that lower doses were needed where the W/Ag target/filter combination 
was used with larger breast thicknesses. A tube voltage in the range of 25–28 kV was preferable to the use of 
higher values with the W/Rh target/filter combination. This finding is similar to that reported in other evalu-
ations in which selenium detectors were used. There was less dependence on kV with the W/Ag target/filter 
combination. The calculated optimal kV/target/filter combinations shown in Table 8 achieved only modest dose 
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savings (< 10%) compared with the doses shown in Table 9 where the current selections were used. These find-
ings suggest that the current AEC design is close to optimal in terms of beam quality selection. The AEC design 
allows for three dose levels to be used. The two higher levels clearly pass the requirements of the NHSBSP 
and European protocols, while the lowest dose level is close to the limit for acceptable image quality.

5.	 CONCLUSIONS

This system is capable of producing excellent image quality for a relatively low radiation dose. As currently 
set up, the AEC will be satisfactory for most types of breast in standard and low dose modes. The system 
met the main standards in the NHSBSP and European protocols. The system should be evaluated clinically 
by the NHSBSP.
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