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Technical evaluation of Hologic 3Dimensions digital mammography system

Executive summary

The purpose of the evaluation was to determine whether the Hologic 3Dimensions, &Q

operating in 2D mode, meets the main standards in the NHS Breast S

creening
Programme (NHSBSP) and European protocols, and to provide performance data forgo

comparison against other systems.

The MGD was found to be well below the remedial level. For a 53mm
standard breast, the MGD was 1.37mGy using Auto-Filter AEC mode,
the remedial level of 2.5mGy. The image quality, as measured by thre

N\

equiv I@ \
c :
gold
thickness, was better than the achievable level. . \Q C)

The Hologic 3Dimensions meets the requirements of the NHS&Qsta or digital
mammography systems operating in 2D mode. O \
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1. Introduction

1.1 Testing procedures and performance standards for digital mammograp%@

This report is one of a series evaluating commercially available direct digital Q
radiography (DR) systems for mammography on behalf of the NHS Breast Scree |n
Programme (NHSBSP). The testing methods and standards applied are mainl ed
from NHSBSP Equipment Report 0604 which is referred to in this docum %ﬁ
NHSBSP protocol’. The standards for image quality and dose are the s t o)

provided in the European protocol,?? but the latter has been followed

a more detailed standard, for example, for the automatic exposure &

I (AEC)
O

Some additional tests were carried out according to the UK@omme S: ons for
testing mammographic X-ray equipment as descrlbeil EM Re t89

AQ)
Q, @

system.

1.2 Objectives

The aims of the evaluation were:

e to determine whether the HoIo ic enS|o |taI mammography system,
operating in 2D mode, meet in st s in the NHSBSP and European
protocols

e to provide performanc@or co on against other systems
2. Methog§* s\

2.1 S\ sSeste N
@ed at the Hologic factory, Danbury, CT, USA, on a Hologic
sions s

tem as described in Table 1. Some additional measurements were
rV|s Breast Screenlng Unit, Gundford UK on the curved compression
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Table 1. System description

Manufacturer
Model

System serial
number

Target material
Added filtration

Detector type
Detector serial
number

Pixel size

Detector size

Pixel array

Typical image sizes
Pixel value offset
Source to detector
distance

Source to table
distance
Pre-exposure mAs

Automatic exposure

Hologic Inc
3Dimensions
PROTO 7

Tungsten (W) ?
50um Rhodium (Rh), 50um Silver (Ag), [700um Alumlnuﬁpx

used for tomosynthesis] \

Amorphous selenium
YM868282

70pm
240mm x 300mm

2560 x 3328, 3328 x 4096 %

16MB (18x24cm field S|ze) 27 9x29

50 &
700mm QSQ

size)

675mm
: oQ Q
5mAs for co sed hickness (CBT) <50mm;
10mAs fo >50
Auto-Filt to-Time

utO-E

control modes @

Software version @632

There is a ch reast compression paddles: standard flat paddles and
curved paddlgé&l testé@() undertaken using flat paddles apart from section 3.10.

2.2 @put a@f value layer

tput aIf value-layer (HVL) were measured as described in the NHSBSP
oc@ervals of 3kV. The kV was measured with a RMI 232 kV meter, which

alibrated for exposures using a W/Rh target/filter combination.

xO‘
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Figure 1. The Hologic 3Dimensions

N
2.3 Detector res se O‘\
The detector e vya&sured as described in the NHSBSP protocol, except

that 2mm aluminium w. \ d at the tubehead, instead of PMMA. The grid was
removeo\@n ion,c %ber was positioned above the breast support table, 40mm
from tPn®1 st (CWE). The incident air kerma was measured for a range of
m% set lues at 29kV W/Rh. The readings were corrected to the surface of
tectopysing the inverse square law. No correction was made for attenuation by
q de@ver. Images acquired at the same range of mAs values were saved as
unpro d files. A 10mm square region of interest (ROI) was positioned on the
midlme, 40mm from the CWE of each image. The average pixel value and the standard
tion of pixel values within that region were measured. The relationship between
average pixel values and the detector entrance surface air kerma was determined.
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2.4 Dose measurement

Doses were measured using the X-ray set's AEC in the Auto-Filter mode to expose
different thicknesses of PMMA. Each PMMA block had an area of 180mm x 240mm. @
Spacers were used to adjust The paddle height was adjusted to be equal to the ’\&
equivalent breast thickness, as shown in Table 3. The exposure factors were noted andQ
mean glandular doses (MGDs) were calculated for equivalent breast thicknesses.
An aluminium square, 10mm x 10mm and 0.2mm thick, was used with the PMM
during these exposures, so that the images produced could be used for the ¢ lation
of the contrast-to-noise ratio (CNR), described in Section 2.5. The alumini\@r \

idli

was placed between 2 10mm thick slabs of 180mm x 240mm PMMA, o

with its centre 60mm from the CWE. Additional layers of PMMA wer d oo
vary the total thickness. 6\

®O

Unprocessed images acquired during the dose me r@nt we aﬁwnloaded and
analysed to calculate the CNRs. Thirty-six small sqiare’ROIs mately 2.5mm x
2.5mm) were used to determine the average si \and th ard deviation in the
signal within the image of the aluminium squ %ROI the surrounding
background (32 ROls), as shown in Figur @nalla re used to minimise

distortions due to the heel effect and o\? use n-uniformity.> The CNR was
calculated for each image, as defi @ut e NH& protocol.

Figure 2. Location and size@RSl u e@@@ermine the CNR

2.5 Contrast-to-noise ratio é
V4

?* Toa B&e standards in the European protocol, it is necessary to relate the image
q measured using the CDMAM (Section 2.8) for an equivalent breast thickness of
, to that for other breast thicknesses. The European protocol® gives the
relationship between threshold contrast and CNR measurements, enabling the
calculation of a target CNR value for a particular level of image quality. This can be
compared to CNR measurements made at other breast thicknesses. Contrast for a
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particular gold thickness is calculated using Equation 1, and target CNR is calculated
using Equation 2.

Contrast =1 —e™ (1) &@

where | is the effective attenuation coefficient for gold, and t is the gold thickness. Q’\

CNRmeasured X TCmeasured
CNRtarget = 2)

TCtarget

where CNRmeasured is the CNR for a 60mm equivalent breast, TCmeasured t
threshold contrast calculated using the threshold gold thickness for a Q
detail, (measured using the CDMAM at the same dose as used fqr
TCrarget is the calculated threshold contrast corresponding to the
thickness required to meet either the minimum acceptable or (

quality as defined in the UK standard. O
V4

The threshold gold thickness of the 0.1mm diameteﬂ:?is u;@e because it is
generally regarded as the most critical of the detall etersQ hich performance

standards are set. é.\ &@

on 1 depends on the beam
able 2. These values were
ession paddle, using spectra from
terials in the test objects (aluminium,

quality used for the exposure, and th use

calculated with 3mm PMMA repres g the
Boone et al.® and attenuation coe

ients
gold, PMMA) from Berger et e@ é

The European protoc sIs%'definé\a limiting value for CNR, which is calculated as a
percentage of the t old con for minimum acceptable image quality for each
thickness. Thig value@ries with thickness, as shown in Table 3.

*

The effective attenuation coefficient forEO@gd in

Table 2. f@tive at ion coefficients for gold contrast details in the CDMAM

k%. [filter Effective attenuation coefficient
NCalR% (um™)
:;@‘1 @ W/Rh 0.120
?\ Tab imiting values for relative CNR
ikness Equivalent Limiting values for
of PMMA breast thickness relative CNR (%) in
(mm) (mm) European protocol
20 21 > 115
30 32 > 110
40 45 > 105
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45 53 > 103
50 60 > 100
60 75 > 95

70 90 >90 ,\&Q

and European limiting values for CNR were calculated. These were compared wi
measured CNR results for all breast thicknesses.

2.6 AEC performance for local dense areas s:

The target CNR values for minimum acceptable and achievable levels of image q@

This test is described in the supplement to the fourth edition of the pe coI 3
To simulate local dense areas, images of a 30mm thick block 180mm
X 240mm, were acquired under AEC. Extra PMMA betwee d 20 ck and of
size 20mm x 40mm was added to provide extra attenu e co ion plate
remained in position at a height of 40mm, as show @lmulated dense
area was positioned 50mm from the CWE of the Q

In the simulated local dense area the mean alue andard deviation for a
10mm x 10mm ROI were measured and t % al- ratios (SNRs) were

calculated. @ @
S

10
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Figure 3. Setup to measure AEC performance for local dense areas

Top view

Spacers (10mm thick) Q
N ‘ %)
AEC sensor area / < ’

//(’
2
%

O
Extra attenuation (20mm x 40mm) & %

S
2.7 Noise§@§ 06

The ima e(?jquired i
were anal

S

measurements of detector response, using 29kV W/Rh,
e image noise. Small ROIs with an area of approximately
e placed on the midline, 60mm from the CWE. The average
d deviatigns of the pixel values in these ROIs for each image were used to

S
@sti%@o relationship between the dose to the detector and the image noise. It

as a d that this noise comprises 3 components: electronic noise, structural
noisg, and quantum noise. The relationship between them is shown in Equation 3:

&9\/@ +k,2p+k,2p? ©)

where o, is the standard deviation in pixel values within an ROI with a uniform exposure
and a mean pixel value p, and K., Kq, and K; are the coefficients determining the

11
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amount of electronic, quantum, and structural noise in a pixel with a value p. This
method of analysis has been described previously.® For simplicity, the noise is generally
presented here as relative noise defined as in Equation 4.

Relative noise = 2 4)
b \$®

The variation in relative noise with mean pixel value was evaluated and fitted using Q
Equation 3, and non-linear regression used to determine the best fit for the const s@
and their asymptotic confidence limits (using Graphpad Prism version 7.00 , Gra

software, San Diego, California, USA, www.graphpad.com). This established ther

the experimental measurements of the noise fitted this equation, and the,r@ \
proportions of the different noise components. The relationship betwee

pixel values has been found empirically to be approximated by a 9% Wer

relationship as shown in Equation 5. \ C)

0 -

2 k™ & % ®)
where Kt is a constant. If the noise were purely qua ise e of n would be
0.5. However the presence of electronic and str 0|se st at n can be

slightly higher or lower than 0.5.

The variance in pixel values within a RQI i ined tandard deviation squared.
The total variance was plotted agains ent air a at the detector.
Using the calculated constants, t S uctur ctronic and quantum components of

the variance were estimated, min h component was independently
related to incident air ker. e pe e of the total variance represented by each
component was then calcutated a& plotted against incident air kerma at the detector.
2.8 Image q{@sémea%ements

Contrasi,%@ meas ts were made using a CDMAM phantom (serial number
1022 St. Radboud, Nijmegen University, Netherlands). The phantom
a 20mm thickness of PMMA above and below, to give a total
tion aﬂximately equivalent to 50mm of PMMA or 60mm thickness of typical
%ﬁstt he exposure factors were chosen to be close to those selected by the
\ﬁ) Filter mode, when imaging a 50mm thickness of PMMA. This procedure
?\ ep ated to obtain a representative sample of 16 images at this dose level. The
%@) essed images were transferred to disk for subsequent analysis off-site. Further
s of 16 images of the test phantom were then obtained at other dose levels by
manually selecting higher and lower mAs values with the same beam quality.
The CDMAM images were read and analysed automatically using Version 1.6 of
CDCOM.*!° and Version 2.1.0 of CDMAM Analysis (www.nccpm.org). The threshold
gold thickness for a typical human observer was predicted using Equation 6.

12
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TCpredicted = I'MCauto (6)

where TCpredicted IS the predicted threshold contrast for a typical observer, TCquyo is the
threshold contrast measured using an automated procedure with CDMAM images. r is

the average ratio between human and automatic threshold contrast determined &@
experimentally with the values shown in Table 4. Q’\.
Table 4. Values of r used to predict threshold contrast (: Q,

Diameter of Average ratio of human to g \
gold disc (mm) automatically measured *\Q @
threshold contrast (r) é\.

0.13 1.60

0.16 1.68 /O
0.20 1.75 O *
0.25 1.8 AQ)
0.31 (ﬁ
0.40 4

0.50 O é
0.63 \} @O
0.80 (b .

1.00 é 11

The predicted threshold g thickﬁgs or each detail diameter in the range 0.1mm to
1.0mm was fitted wi rve fo@ h dose level, using the relationship shown in

Equation 7.
O D
Threshold

|ckn a+bx +cx? + dx (7)

0.08 1.40
0.10 1.50 6\0
\\

ares

Where M’neter and a, b, c and d are coefficients adjusted to obtain a

e co e limits for the predicted threshold gold thicknesses have been previously
deter by a sampling method using a large set of images. The threshold contrasts

|n the tables of results are derived from the fitted curves, as this has been found
prove accuracy.
The expected relationship between threshold contrast and dose is shown in Equation 8.

Threshold contrast = AD™ (8)

13
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where D is the MGD for a 60mm thick standard breast (equivalent to the test phantom
configuration used for the image quality measurement), and A is a constant to be fitted.

It is assumed that a similar equation applies when using threshold gold thickness
instead of contrast. This equation was plotted with the experimental data for detail

experimental data was determined, and the doses required for target CNR values w
calculated for data relating to these detail diameters.

diameters of 0.1 and 0.25mm. The value of n resulting in the best fit to the Q

2.9 Physical measurements of the detector performance 5\

The modulation transfer function (MTF), normalised noise power spec

the detective quantum efficiency (DQE) of the system were measuﬁ\ @gj
used were as close as possible to those described by the Internﬁﬁ Ele€tro nical
Commission (IEC).* The radiation quality used for the measu usted by
placing a uniform 2mm thick aluminium filter at the tube ho The eam quality
used was 29kV W/Rh. The test device to measure the comp‘%< 120mm X

60mm rectangle of stainless steel with polished str h edges ness 0.8mm.
This test device was placed directly on the brea up ort ta d the grid was
removed by selecting “grid out” at the operator ole. dewce was positioned
to measure the MTF in 2 directions, first a erpe ar to the CWE and then
almost parallel to it. The MTF was the ated, | g MTF50%, which is the
spatial frequency at which the MTF i%l toQ

To measure the noise power spectium the ewce was removed and exposures

made for a range of incident @erma urface of the table, where around 75uGy
was used as the mid-doex\b@e. Th is presented as the average of
measurements in th%c ns pefpendicular and parallel to the CWE.

2.10 Otherte{@ 06

Other te t

ographic X-ray sets, as well as those in the UK NHSBSP protocol
al mammographic systems. The tests measured tube voltage, accuracy of
ated c@aressed breast thickness, alignment of radiation field to light field and

?\ e@e retention, focal spot dimensions, AEC reproducibility, image uniformity,
cycLK and backup timer.

14
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3. Results

3.1 X-ray tube output and half value layer

,\&Q)

Table 5. HVL and tube output measurement

kV HVL (mm Al) Output (UGy/mAs at r’qzé@
W/Rh W/Ag W/Rh 5@,

25 0.48 - 10.1 6 e < ,:

28 0.51 0.54 14.0 K 18%

The HVL and tube output measurements are shown in Table 5.

31 0.54 0.57 17.9
34 0.56 0.60 21. 8

37 0.58 0.63

The tube voltage measurements are shown in 7@% ithin 1.0kV of

indicated values and are within the IPEM R ial level of £1kV.

Table 6. kV measurements made Wi /Rh t&@lter combination

KV set kV measu@v

25 26.0

28 2%

31 . 5\

34 R .9 O

3.2 D{@or re@e

I—@or Q\Qe Is shown in Figure 4. Measurements were made using 29kV W/Rh.

15
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Figure 4. Detector response

\$®
c% 1000 - C)Q(\
§ 500 - S %QQ ®
Z ) (b. C)Q
6\(\

0 < %—v

T T T \ T
0 100 200 300 P, 400 \ 500
Incident air kerma at surface @ tor @

3.3 Automatic exposure control perforr(gte

3.3.1 Dose ,‘\9 Oé
The MGDs for breasts simulate&MM& osed using AEC, are shown in Figure 5 and
Table 7.

Figure 5 MGD for diff \Q‘thi k@s of simulated breasts under AEC. (Error bars

indicate 95% confide&e fmits.

0 20 40 60 80 100 120
Equivalent breast thickness (mm)

16
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Table 7. MGD for simulated breasts, AEC Auto-Filter mode

PMMA Equivalent kV Target/ mAs MGD Remedial Displayed

thickness breast thick- filter (mGy) dose level dose
(mm) ness (mm) (mGy) (mGy) &@
20 21 25 W/Rh 50 0.57 1.0 0.58 Q’\'
30 32 26 W/Rh 73 0.76 1.5 7@
40 45 28 W/Rh 92 1.00 2.0 .
45 53 29 W/Rh 113 1.26 2.5 1.24
50 60 31 WI/Rh 142 1.80 3.0, Ql \
60 75 31 W/Ag 151 2.35
70 90 34 W/Ag 151 2.66 \ 3
80 103 36 WI/Ag 173 3.30 \ ol
6 v
The difference between the displayed doses and the calcul MGD within 5% for

equivalent breast thicknesses, except for 103mm e t brea ickness where the
displayed MGD was 17% higher. i ’
3.3.2 Contrast-to-Noise ratio % @Q

The results of the CNR measurementg&own w@ 6 and Table 8. The
following calculated values are also % : @

e CNR to meet the minimum acceptable m@quality standard at the 60mm breast

thickness
e CNR to meet the ach Ilty standard at the 60mm breast thickness
e CNRs at each th% 0 me the limiting value in the European protocol

17
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Figure 6. CNR for 0.2mm Al measured in the Auto Filter mode. (Error bars indicate 95%
confidence limits.)

144 - CNR @
19- +--- CNR to meet EUR. limiting value ’\&
----- CNR at achievable 1Q Q
10+ — CNR at minimum 1Q C)@
x 87
Z
(@] 6-

0 £ %‘2
T T T -

0 20 40 60 go) \k

Equivalent breast thickness r@ %

Table 8. CNR measurements, exposures un@éEC(A% ter)

PMMA Equivalent Measured.@m'CNRfor European
thickness  breast thick- CNR \ inim achievable limiting

(mm) ness (mm) acc lelQ 1Q CNR value
20 21 4.4 3.4
30 32 4.4 3.3

40 45 ,&@8.@3.0 4.4 3.1
45 53 & 3.0 4.4 3.1
50 @ QO 3.0 4.4 3.0
60 5\&05 & 72 3.0 4.4 2.8

70 90 ;\0 6.1 3.0 4.4 2.7

ma&ems, when the AEC adjusts for locally dense areas, the SNR remains
?\ consteﬁﬁ{' ith increasing thickness of extra PMMA. The results of this test are shown in
T 9 and Figure 7.

s$he mean SNR results for different thicknesses of PMMA was 52.7. The variation in the
SNR across the thicknesses of PMMA, was much smaller than the tolerance of 20%.

18
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Table 9. AEC performance for local dense areas

Total kv Target/ Tube SNR % difference
attenuation filter load from mean
(mm (mAs) SNR result
PMMA)

32 28 W/Rh 62 52.9 0.3%

34 28  WI/Rh 68 52.8 0.2%

36 28 W/Rh 76 52.6 -0.2%

38 28  WI/Rh 83 52.1 -1.3%

40 28 W/Rh 90 52.7 0.0%

42 28  WI/Rh 105 53.1 0.6%

44 28 W/Rh 116 52.9 0.4% \ Q
46 28  WI/Rh 126 53.1 0.8% b\
48 28 W/Rh 139 52.4

o O

o Q"
Figure 7. AEC performance for local dense areaQs) \Q

60 - ’ Q(b &(OQ
50 - * (§§ (Qé °
2 30 ®%®®®
5 s‘\'Q A
20 - O(Q o
a 5\\ ’\0% — SNR
‘Oé@ \\, 40 45 50

Total PMMA thickness (mm)

P

§(b~ o
\% measurements

@
kg

ariation in noise with dose was analysed by plotting the standard deviation in pixel

QSW s against the incident air kerma to the detector, as shown in Figure 8. The fitted
power curve has an index of 0.47, which is close to the expected value (0.5) for

guantum noise sources alone.

19
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Figure 8. Standard deviation of pixel values versus air kerma at detector

10 q

Standard deviation
in background
'_\

[ )
( ]

_ 0.47
y =0.215x ;\\Q

0.1 . H
10 100 \ 1000
Incident air kerma at surfac@ cto@

Figure 9. Relative noise and noise componen\

0.08 - . OQ

5\3 O —e— Measured noise
@, @ — Electronic noise
0.06 - — Quantum n0|_se
— Structural noise
: >
2
_g 0.04 -
k&
D)
14
0.02 -

0\(0'5 10 Q 100 1000
\ Incident air kerma at surface of detector (uGy)

vﬁiguraﬁh\ws the relative noise at different entrance air kerma. The estimated relative
ibu

con ns of electronic, structural, and quantum noise are shown and the quadratic
@ these contributions fitted to the measured noise (using Equation 3). The
ntum component dominates over the whole range.

Figure 10 shows the different amounts of variance due to each noise component. From
this, the dose range over which the quantum component dominates can be seen.

20
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Figure 10. Noise components as a percentage of the total variance. (Error bars indicate
95% confidence limits.)

100 - &Q

80 A

60 —e— Electronic variance
- Quantum varlance<g &\

—— Structural vari

% of total variance

40 1 (b)' Q
20 - C)C)

10 %\ 1000
Incident air kerma at det to (uG \Q

> N

3.5 Image quality measurements OQ

The exposure factors used for eac M images are shown in Table 10.
The mAs used approximate the e selec y the AEC and double and half that

value for exposures of a 60m®1lc nt breast.
Table 10. Images acqm?&r [ uality measurement
kV Tar er \’fube MGD to
g\K C)% loading equivalent breasts
% (mAS) 60mm thick (mGy)
\%N/Rh * 71 0.90
140 1.77
@ 280 3.54

?“ The g&t detail curves (determined by automatic reading of the images) at the
dﬁ

di nt dose levels are shown in Figure 11. The threshold gold thicknesses measured
erent detail diameters at the 3 selected dose levels are shown in Table 11. The
NHSBSP minimum acceptable and achievable limits are also shown.

The measured threshold gold thicknesses are plotted against the MGD for an
equivalent breast of 60mm for the 0.1mm and 0.25mm detail sizes in Figure 12.
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Figure 11. Contrast detail curves for 3 doses at 31kV W/Rh. (Error bars indicate 95%
confidence limits.)

101 ~ MGD = 0.90mGy <
A = MGD = 1.77mGy \$
= _
e —+— MGD = 3.54m§y @Q
3 [ - =< Acceptable limit for 2D C)
% 14""--...: ‘‘‘‘‘‘ ---- Achievable limit for 2D
g : s R Q \
k=) ". fffff .
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Detail diameter (n@) \Q

Table 11. Average threshold gold thickne @or diff{@f etail diameters for 3 doses

using 31kV W/Rh, and automatically pr d dat
. o

Detail . reshq}e@ld thickness (um)
diameter  Acceptable A@‘e AGD = MGD = MGD =
(mm) value lu .90mGy 1.77mGy 3.54mGy
0.1 1.680 ﬁoo @ 0.998+0.077 0.600+0.041  0.460+0.034
0.25 0.352 5\@0_2 4 0.225+0.017 0.150+0.010  0.115+0.008
0.5 0.150 . 0.104+0.009  0.065+0.005  0.043+0.004
1.0 0.094~ ~0. 0.054+0.007 0.031+0.004  0.018+0.002
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Figure 12. Threshold gold thickness at different doses. (Error bars indicate 95%
confidence limits.)

o
@

0.1 mm detail 0.25 mm detail (’\\.
%)

= predicted thresholds

= predicted threshold
— fit to data (y = x™")

— fitto data (y = x™")

minimum'

Threshold gold thickness (um)

0 . .

0 1 2 3
Dose (mGy)

NHSBSP protocol have been esti rves shown in Figure 12. The fitted
curves are of the formy = x™. (The,error |n ating these doses depends on the

accuracy of the curve flttlng dure; oled data for several systems has been
used to estimate the 959 of about 20%.) These doses are shown
ent

against similar data fo i eI of digital mammography systems in Tables 13
and 14 and Figures 16 Th a for these systems has been determined in the
same way as e dint port and the results published previously.***® The data
for film- scree esen n verage value determined using a variety of film-screen

systems@ prior t @ discontinuation.

Q)\’f> QC
o ®

s\O
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Table 13. The MGD for a 60mm equivalent breast for different systems to reach the
minimum threshold gold thickness for 0.1mm and 0.25mm details

System MGD (mGy) for 0.1mm MGD (mGy) for 0.25mm @
GE Essential 0.49+£0.10 0.49+£0.10 5\&
Fujifilm Innovality 0.61+0.12 0.49 £0.10

Hologic 3Dimensions 0.40 £ 0.08 0.33+0.0

Hologic Dimensions (v1.4.2) 0.34 £ 0.07 0.48 £ 0. l()

IMS Giotto 3DL 0.93 £0.19 0.70 + \
Philips MicroDose L30 C120 0.67 +0.13 @ @
Siemens Inspiration 0.76 £ 0.15 Q%Oi 0

Film-screen 1.30+£0.26 . 0,@56 +0.2

Fuji Profect CR 1.78 + 0.36 b\ 13§+ 937

Table 14. The MGD for a 60mm equivalent breast fo

achievable threshold gold thickness for 0.1mm

o

(erent s to reach the
%Is

System

MGD (mGy)

GE Essential

Fujifilm Innovality

Hologic 3Dimensions
Hologic Dimensions (v1.4.2)
IMS Giotto 3DL

+0.13

g
o i

+0.32
Philips MicroDose L30 g,%m @1 34 +0.27
Siemens Inspiration 1.27 £0.25

Film-screen &

3.03+0.61
3.29 £ 0.66

\1mm &IGD (mGy) for 0.25mm

1.03+0.21
1.02 +£0.20
0.74 £0.15
1.10+£0.22
1.41+0.28
1.06 +0.21
1.16 +0.23
2.83+0.57
2.65+0.53

Fuji Profect C O)
\Q &

B\
\
&° @Q‘\

A
v &
s\O
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Figure 13. MGD for a 60mm equivalent breast to reach minimum acceptable image
guality standard for 0.1mm detail. (Error bars indicate 95% confidence limits.)
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Figure 14. MGD for a 60mm equwalent to re chlevable image quality
standard for 0.1mm detail. (Error ba ate 9@ fidence limits.)
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Figure 15. MGD for a 60mm equivalent breast to reach minimum acceptable image
guality standard for 0.25mm detail. (Error bars indicate 95% confidence limits.)
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Figure 16. MGD for a 60mm equiv ast to achlevable image quality
standard for 0.25mm detail. (Error%& ndic % confidence limits.)
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3.7 Detector performance

The MTF is shown in Figure 17 for the 2 orthogonal directions. Figure 18 shows the
NNPS curves for a range of entrance air kerma. &Q

Figure 17. Pre-sampling MTF Q’\o
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Figure 18. NNPS curves for@ng

nd v axes respectively.
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Figure 19 shows the DQE averaged in the 2 orthogonal directions for a range of
incident air kerma to the detector. The MTF and DQE measurements were interpolated
to show values at standard frequencies in Table 15.

Figure 19. DQE averaged in both directions for a range of incident air kerma to the
detector

,\&Q)

0.8 -

0.7

0.6 -

0.5 -

0.4

DQE

0.3 -
0.2

0.1

N
00— zél} A —
, |

Table 15. Average @hogo s\lrections of MTF and DQE measurements at spatial
frequencies up{ Nyquist frequency (DQE at incident air kerma of 75.7uGy)

® ("
Frequerjcmr}f) a}ﬂ‘fﬁ DQE
J

0.0 . ~1.00 -
0.5 (0\.0 ‘& 0.95 0.62
1% Q 0.90 0.59
(ds %) 0.85 0.56
42.0 \"Q 0.80 0.53
2

. 0.75 0.49
%@ 0.71 0.45
5 0.67 0.42
4.0 0.63 0.38
45 0.59 0.35
5.0 0.55 0.31
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5.5 0.52 0.28
6.0 0.48 0.24
6.5 0.44 0.21

7.0 0.40 0.17 ,\&Q

3.8 Other tests @Q

The results of all the other tests that were carried out were within acceptable lj s as

prescribed in the NHSBSP protocol* and IPEM Report 89.* Q

3.8.1 Compression Q
The measured compressed breast thicknesses are compared e d| values
in Table 16. There were no differences between the display di |n values.

This is well within the IPEM Report 89 remedial level of >

Table 16. Indicated compressed breast thicknes()

Actual Indicated Difference & @Q

thickness (mm) thickness (mm) (mm) q&
20 20 O
40 40 (Q
70 70 éQ.

3.8.2 Alignment &

Alignment measure for th mm x 300mm and 180mm x 240mm (central, left
and right shift po fleI es showed that the light field edges were all within
5mm of the e of the on field (IPEM remedial level > 5mm). The radiation field
overIapped@ edges @b image by up to 4.5mm (remedial level < Omm or > 5mm) at
the C

@mgeQentlon

?ﬁhe m@etentlon factor was 0.02, compared to the NHSBSP upper limit of 0.3.

ss\éx Focal spot

The measured dimensions of the focal spot were 0.6mm x 0.4mm.
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3.8.5 Mesh

No discontinuities or blurred regions were seen in the image of the mesh test object.

3.8.6 AEC repeatability s\$®
For a series of 5 repeat images, acquired in quick succession, the maximum devi a@@

of mAs from the mean was 1.3%. For 8 images, acquired at intervals over sever
of testing, the maximum deviation was 3.1%. The NHSBSP remedial level |s :\

3.8.7 Uniformity and artefacts

Uniformity measurements showed a variation in linearised pixel z of I@ 1%
relative to the central area. The NHSBSP remedial level is 100( s

For a typical exposure of 29kV W/Ag at 113mAs @equ posure could be
made 28 seconds after the start of the prewoum

3.8.9 Backup timer \OQ Oq

When an AEC exposure was atte % ith plate blocking the X-ray beam, the

3.8.8 Cycle time O
e

exposure terminated after a shor of le n a second following the pre-
exposure. There was no maw@posur 0 image was acquired.

3.9 Curvedpaddles\\,Q $\

Hologic have intr da c%d compression paddle (SmartCurve ™) for this system.
The paddle is ned closely resemble the shape of the breast. There are 2
paddle sizwvaﬂable:ém x 24cm and 24cm x 29cm.

The \®\sbe ﬁa highest and lowest point of the paddle are 16mm and 23mm
f \ all large paddles respectively.

A@rmﬁg@m Hologic is that the system calculates the MGD for breasts assuming
?\ hat th\' mpressed thickness is the height of the base of the 18x24cm paddle plus
8$which represents the average breast thickness averaged over the entire curved

s\ ce of the paddle.

It was not possible to test the AEC function using the standard size blocks of PMMA, as
it was not possible to position the paddle at the required height due to its curvature.
The required thickness of PMMA was therefore assembled using blocks of different
sizes as shown in Figure 10.
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Figure 20. 18cm x24cm curved paddle with PMMA

.

31



Technical evaluation of Hologic 3Dimensions digital mammography system

Table 17. Exposure factors and displayed MGD for simulated breasts using flat paddle
(18cm x 24cm) and curved paddles (18cm x 24cm and 24cm x 29cm), exposures
acquired using AEC

PMMA Displayed kV  Target/ Flat Curved Curved @
thickness breast filter 18cm x24cm  18cm x 24cm  24cm X chm:\g
(mm) thickness mAs MGD mAs MGD mMAS \
(mm) (MGy) (MGy) (" (@ey)

20 21 25 W/Rh 58 1.29 59 0.66

30 32 26 W/Rh 86 0.87 83 0.86

40 45 28 W/Rh 109 1.19 109 1.20 ;\\

45 53 29 W/Rh 130 1.49 126 1.45’b, 12

50 60 31 W/Rh 162 2.13 165 _»

60 75 31 W/Ag 183 2.95 179 $

70 o0 34 WaAg 182 352 178\ 3.4@

N\
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4. Discussion

The detector response was found to be linear with a pixel value offset of 50. This was &Q
as expected for Hologic systems.

MGDs measured using PMMA were well within the NHSBSP limits for all equival\g)@
breast thicknesses (Figure 5). The MGD to a 53mm equivalent breast thickness

1.26mGy (Table 7). The displayed doses were very close to the calculated M \
except for 103mm equivalent breast thickness. @

CNR measurements made with plain PMMA showed a steady decre |th | |ng
equivalent breast thickness. The target CNR values of 3.0 and é’nml

acceptable and achievable image quality respectively, wer dfr CNR
and threshold gold thickness results. All CNR values exceeé\h limiting

values for CNR (Table 8).

The European guidelines® state that system should@st the é@ﬁes in response to
the thickness of added PMMA. A provisional tol ce of is he SNR is kept within
20% of the average SNR. The results (Table wed K mal change in SNR for
the different thicknesses of PMMA.

Noise analysis showed that quantum dom the noise over a wide range of
incident air kerma (Figure 10). T. e vari assomated with electronic noise
reached 38% of the total n0|se vartance a low incident air kerma.

Threshold gold thicknes a ran%ietall diameters are shown in Figure 11. At a
dose level (MGD = 1.7 Q%y ap tely that for a 60mm thick equivalent breast ,
the image quality w. ter tha e ach|evable level for all contrast detail diameters.

Threshold gol%c ness Measurements at different dose levels for the 0.1mm and
0.25mm di ter detaj re used to calculate MGDs (to a simulated 60mm
[ @ast) req%d d for the minimum and achievable levels of image quality

equival
(F@. Thi §®v comparisons to be made between this and other systems

previgously tested. The dose required for the 3Dimensions to reach the achievable level
inage quality was relatively low to that calculated for other digital mammography

ysterg&a es 13-14).

ssthetector performance, as indicated by MTF, NNPS and DQE curves (Figures 17-19), was
actory.

The miscellaneous results presented under the Section 3.9 “Other tests” were satisfactory.

In addition to the standard flat paddle, this system has 2 curved paddles. For the same
dsplayed compressed breast thickness and thickness in the X-ray beam usig each of
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the paddles, then the system chose very similar radiographic factors and displayed
similar MGDs. Though it should be noted that the current dose model is based on a flat
paddle.
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5. Conclusions

The MGD of 1.26mGy for a breast thickness of 53mm is below the remedial dose level. KQ
The image quality, as measured by threshold gold thickness, is better than the
achievable level. @Q

The Hologic 3Dimensions meets the requirements of the NHSBSP standards for@

digital mammography systems. Q \
O
S
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