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Executive summary

The purpose of this evaluation was to measure the technical performance of the Hologic &Q
Dimensions digital breast tomosynthesis system. The technical performance was tested i

both 2D and tomosynthesis modes. 2D performance met current NHSBSP standards Igital
mammaography, with 2D image quality better than the achievable level. No perfor@ﬁ’
standards have yet been set for digital breast tomosynthesis systems.

The mean glandular dose to the standard breast was measured in tomoigi\s%i;
found to be well within the dose limits for 2D mammography. This rep pr
measurements on other aspects of the equipment performance, iac@@?ma@

spatial distortion and alignment. 6\

s baseline
ity, noise,
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1. Introduction

1.1 Testing procedures and performance standards for digital mammograp%@

and standards for digital breast tomosynthesis (DBT) systems. The tests of tomos

performance employed for this evaluation were based on those used for th Yt
The technical performance of 2D Hologic Selenia Dimensions systems a nd
more recently updated automatic exposure control (AEC) software vio

evaluated and reported.*® For this evaluation, some of the tEStSE modé w repeated.

Research to assess the clinical effectiveness of tomosynth ﬁ ongaj d further work will
be required to establish measures of technical performa ich indicate acceptable clinical
performance. The results of these tomosynthesis p b ay allow comparisons

between different systems to be made, but shop%ﬁ)e

experience in the evaluation of tomosynthesis

1.2 Objectives . OQ Oq
This evaluation of the Hologic Sele 'z@mensi mosynthesis system had two objectives.
The first was to establish WhetheéD nce met the main standards in the NHSBSP

and European protocaols. The ond rovide baseline measurements on the
performance of the syste s mode.
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2. Methods

2.1 System tested ,\&@

The Dimensions system employs a tungsten target with a rhodium or silver filter for 2D-i ing,
and an aluminium filter for tomosynthesis imaging. The same 18cm x 24cm and 24c 29cm
compression paddles are used for tomosynthesis and 2D imaging. Three AEC autematic

modes are available for both 2D and tomosynthesis: g \
. Q
@es

e AutoFilter, where the system selects kV, filter and mAs. (The choic@/ an

is based on compressed breast thickness (CBT)) .
e AutokV, in which the user selects the filter and the system se@ a

e AutoTime, where the user selects both filter and kV while t tem s mAS
For all three automatic modes, a pre-exposure pulse is WhICh \nbutes to patient dose
but does not contribute to the formation of the imagd/. e |s jtion, a manual mode,

which allows the user to select all the exposure ers.

@t a centre of rotation which is at
of the breast support table. The
imately -7.5 degrees, the pre-pulse is
rojections are acquired at approximately
one degree intervals while the tub ollimation is fixed during the tomosynthesis
acquisition and the breast su s st but the detector rotates slightly as the tube

moves. The grid is not us@ s\n

As well as acquiring Images (Q osynthesis images separately, the system can perform a
‘combo” exposure IS congi a tomosynthesis exposure which is automatically followed

by a 2D view os\ e sa@ mpression.

To assist @é mea @ent of tube output and beam quality using the aluminium filter, a Zero
DegreeN[ oo vailable. This provides a pulsed X-ray exposure, which is the same as
at nthe xposure, but with the tube remaining stationary.

@gic r @nend that quality control (QC) images are acquired using the Flatfield Tomo
?\ iews. e were used for all of the tomosynthesis tests included in this report. They are

recofstructed using raw projections to which no scatter corrections have been applied. The
f@structed tomosynthesis planes, therefore, have a noticeable low frequency variation which
ot evident in the clinical tomosynthesis views.

Details of the system tested are given in Table 1.
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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 area

Pixel array

Pixel value offset

AEC Modes

AEC pre-exposure pulse
Tomosynthesis projections

Reconstructed focal planes

Software version

Hologic

Dimensions

81009111024

Tungsten

2D:  50pm rhodium
50um silver

Tomosynthesis: 700pm aluminium

Amorphous selenium

MM604072

See Table 2 below

Small: 179mm x 233mm

Large: 233mm x 287mm

Small: 2560 x 3328

Large: 3328 x 4096
: s\‘\
AutoFilter, AutokV, AutoTime

2D: 5mAs for CBT < 50mm @nAs fo®> S50mm

Tomosynthesis: 5SmA
@ tely one degree

15 equal dose prOJe |
heS|s exposure: 244mm

\

intervals from -7.
Vertical intervals:
No of planes ;
Maximum
AWS: 1.2

Table 2. 2D and tomosy
range of breast thlckne

S|zes for large (24cm x 29cm) format, for a

@Ze

wnloaded from
isition workstation

File containing
extracted projections/

s\ focal planes
2D ‘loun}.o\\) 27MB
Tomos is \@1 30-40MB* 98MB
IOMK
%os%gé Approx. 33-80MB* 243 — 889MB*
recons ed 100pm**

foc lanes

range of compressed breast thicknesses from 20-90mm. **The pixel size varies with
height of the reconstructed focal plane above the breast support table.

QC images can be downloaded from the acquisition workstation via a USB port or written to a
DVD. The tomosynthesis images acquired in this evaluation were in the DICOM® secondary
capture (SC) format. Each Flatfield Tomo image comprises two SC files, one containing the

9
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projections and the other containing the reconstructed focal planes. A proprietary tool from
Hologic, which has not yet been made generally available, was used to extract the focal planes
and projections from the SC files.

Typical image file sizes for large (24cm x 29cm) format images, for a range of breast

thicknesses of 20-90mm, are shown in Table 2. Q’\
2.2 Dose and contrast to noise ratio under AEC

Dose and contrast to noise ratio (CNR) were measured using the X-ray set’s toe ﬁ\)
different thicknesses of Perspex (polymethylmethacrylate or PMMA). T se
(MGD) to the standard breast was calculated for the equivalent breast of CNR
measurements, a square of aluminium 0.2mm thick was included j ant

N\
2.2.1 Dose measurement &6 é

To calculate MGD to the standard breast, measuremen ere ma ¥If value layer (HVL)
and tube output, over the clinically relevant range ofikV and tar combrnatrons They
were made on the midline at the standard positiomof Z0mm fr~§j chest wall edge (CWE) of
the breast support platform. The output measu@nts e both with the compression

paddle in contact with the ion chamber and he pa% aised well above the ion chamber.
In both 2D and tomosynthesis modes &sures nge of thicknesses of PMMA were
made under AEC (AutoFilter). For hick e paddle was positioned so that the

correct equivalent breast thrckne by the compressed breast thickness
indicator, leaving an air gap b en th A and the paddle. (Spacers are not needed to
maintain an air gap for thg\' nsro em, as compression is not required for QC images.)

2D doses were calc as de d in the UK protocol. Tomosynthesis doses were
calculated using thod crrbed by Dance et al.” This is an extension of the established
2D method, u e eqt\r

cs (2)
; arr kerma at the top surface of the breast, and g, cand s are conversion
& |onaI factor, T, is derived by summing weighted correction factors for each of
m@srs projections. Values of T are tabulated for the Dimensions system for
n‘fere mpressed breast thicknesses.

9'\ che method of MGD calculation uses a measured dose at the surface of the breast with
paddle in place, but the method described in the UK protocol differs in that dose is
measured with the paddle raised well above the ion chamber. To allow comparisons to be
made between systems, MGD results in this report are calculated with the paddle raised. A
correction factor is provided, which may be used to obtain a more accurate calculation of MGD.

10
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2.2.2 Contrast to noise ratio

For CNR measurements a 10mm x 10mm square of 0.2mm thick aluminium foil was included in
the phantom, positioned 10mm above the table on the midline, 60mm from the chest wall ed %

2D CNR was measured using 5mm x 5mm regions of interest (ROIs) positioned in the cQs(}of
the aluminium square and at two background positions on the chest wall and nippk@@ f the
square.

CNR in the tomosynthesis focal plane was measured using 5mm x 5mm RO
positions as for the 2D image but subdivided into 1mm x 1mm elements

The ROIs were subdivided to reduce the effect of image non-uniformit
(The non-uniformity is due to the use of Flatfield Tomo images for.QC, |ch e réconstructed

without processing.) The CNR was measured in the focal plane [ @eflumlnlum
re&o ed is the

square and in two planes above and two further planes belob
average of the measurements from all five planes.

CNR was also measured in the unprocessed tomos@@s proj s acquired for the above
images, using a 5mm x 5mm ROI (not subd|V|de

Variation of CNR with dose in tomosynthesrsgq @ed both in the projections and in
the reconstructed images, for an equwale ast t@s of 53mm (i.e. using a 45mm

’b
S

thickness of PMMA).

Figure 1. The positions of 5mm x 5mm ROIs subdivided into Imm x 1mm elements for
measurement of CNR in tomosynthesis

11
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2.3 Image quality measurements

Image quality was measured in 2D mode using a CDMAM phantom. In the absence of a
suitable test object for assessing tomosynthesis imaging performance, images of the CDMA

in tomosynthesis mode were also acquired. The CDMAM phantom (Version 3.4, serial n fg
1022)" was positioned between two blocks of PMMA, each 20mm thick. The exposure %s
used were the same as those selected by the AEC for an equivalent breast thrckn mm.
One set of sixteen images was acquired in 2D mode at the AEC selected dose.

tomosynthesis mode, one set of sixteen images was acquired at the AEC sele@ dos
two further sets at approximately half and double this dose. é \
From the tomosynthesis images, the focal plane in best focus Was

corresponded to the actual height of the CDMAM above the bre ort he set of
2D images and the three sets of tomosynthesis images were r da using two
software tools, CDCOM version 1.6" and CDMAM AnaIyS|s n 1

Due to the non-uniformity of the tomosynthesis foca mages as necessary to flatfield
them prior to reading, otherwise CDCOM either farl tofread t es or gave poor results.
The flatfielding was done by cropping each i |ma ose tot éeful area of the CDMAM and
then padding out to reach an image size with dj srons els equal to a power of two. A
Butterworth filter was applied in the freque main @nove the higher frequencies,
including the grid and contrast details U‘\g DM
aled. IS was repeated using the planes

the filtered image and the pixel val
immediately above and below th%oted @s f best focus to ensure that the CDMAM
result quoted corresponded to best im uality obtained.

original image was then divided by

It should be noted that th r ntI ble version of CDCOM works with 2D images in the
DICOM MG format, b oes not directly with tomosynthesis images in the DICOM BTO
format which is av W|th Iat ersions of the Dimensions software.

2D image qual%&esessb@mg the CDMAM is for an equivalent breast thickness of 60mm.

This can @ated to age quality at other thicknesses by comparing the CNRs measured
forar % s. The European protocol gives the relationship between threshold
a

co tr surements, enabling calculation of a target CNR value for a particular
ag Irty. This can be compared to CNR measurements made at other breast
ness ontrast for a particular gold thickness is calculated using Equation 2, and target
NR i Iated using Equation 3.

@gst—l—e t )

" UMC St. Radboud, Nijmegen University, Netherlands
T CDCOM version 1.6. Available from EUREF website: www.euref.org. Accessed 4 July 2013.
* CDMAM analysis UK v1.4, NCCPM, Guildford, UK

12
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where | is the effective attenuation coefficient for gold, and t is the gold thickness.

_ CNRmeasured X Tcmeasured
CNRtarget (3)

Tctarget

where CNReasured IS the CNR for a 60mm equivalent breast, TCeasured IS the threshold st
calculated using the threshold gold thickness for a 0.1mm diameter detail (measur the
CDMAM at the same dose as used for CNRpeasured), @nd TCrarget IS the calculated threshold

contrast corresponding to the threshold gold thickness required to meet elther mini
acceptable or achievable level of image quality. \

en f the
ss._The target CNR
and the furopean

The European protocol also defines a limiting value for CNR, which is
threshold contrast for minimum acceptable image quality for eachsthic
values for minimum acceptable and achievable levels of image

limiting values for CNR were calculated. O\ \

2.4 Geometric distortion and reconstruction ar@ﬁcts

The relationship between reconstructed tomosyn ocal S and the geometry of the
volume that they represent was assessed. Th| don ging a geometric test
phantom consisting of a rectangular array alumlnlum balls, 50mm apart, in the
middle of a 5mm thick sheet of PMMA. @hanto laced at different heights (7.5, 32.5
and 57.5mm) within a 60mm thick st the breast support table. The paddle was
then raised to 100mm above the% ith t ntom attached to its underside, and an
additional tomosynthesis imag ach|

Reconstructed tomosyntf@lan S analysed to find the height of the focal plane in
which each ball was b ocus, the position of the centre of the ball within that plane, the
number of adjacent s in wh he ball was also seen, and to quantify the variation in

appearance ofst\{ etwe@‘ocal planes.

This ana%s as auto@d through the use of an ImageJ® plug-in, developed at NCCPM for

this p \Q
2 @élght@est focus
‘ or e , the height of the focal plane in which it was best in focus was identified. Results

wereggCo ared for all balls within each image to judge whether there was any tilt of the test
&Q?m relative to the reconstructed planes, or any vertical distortion of the focal planes within
age.

$ http://rsb.info.nih.govii/
13
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2.4.2 Positional accuracy within focal plane

The x and y co-ordinates within the image were found for each ball. (x and y are perpendicular
and parallel to the chest wall edge, respectively). The mean distances between adjacent bal
were calculated, using the pixel spacing quoted in the DICOM header. This was compare g\
the physical separation of balls within the phantom, to assess the scaling accuracy in th nd
y directions. The maximum deviations from the mean x and y separations were cateu , to
indicate whether there was any discernible distortion of the image within the focal%

2.4.3 Appearance of the ball in adjacent focal planes Qg ®

Changes to the appearance of a ball between focal planes were as @ vis 2

To quantify the extent of reconstruction artefacts in adjacent fo nes; constructed
image was treated as though it were a true three dlmensmrﬁume %mage\] plug-in was
used to find the X, y, and z dimensions of a rectangular vol around h ball which
enclosed all pixels with values exceeding 50% of th um pi alue. The method used
was to create a composite x-y image using the maximupn pixel s‘from all focal planes. A
composite x line was created using the maximura,pixel val each column of the x-y
composite plane. The full width half maximu HM) rement in the x direction was
made by fitting a polynomial spline. Thig peat e orthogonal direction to produce
the y-FWHM, and again using vertical M\I@d ind the z-FWHM. All pixel values
were background subtracted, usin ean pi alue from around the ball in the plane of
best focus. The composite z- F\N%wus c ed was used as a measure of the inter-plane

resolution, or z-resolution. Its@ue wo§l |fferent if a ball of different size were used.

The FWHM in the x- and ections e image of the ball were also measured in the plane
of best focus, and co ed wﬁ)‘&scomposne x- and y-FWHM measurements. This enabled
any apparent shlft ad [ ppearance of the ball through a series of adjacent focal
planes to be q

2.5 Alvg@e %
Allg@n; meQ ents were carried out for reconstructed tomosynthesis images.

@‘ah @of the X-ray beam to the focal plane at the surface of the breast support table
as a %d Self-developing film and graduated markers were positioned on each edge of
?\the X eam. The alignment at the lateral edges was difficult to measure because the
%W ent of the tube during the scan causes the lateral edges of the X-ray beam to move
een projections

The alignment of the imaged volume to the compressed volume was also assessed. Missed
tissue at the chest wall edge was assessed at heights of 0, 60, and 100mm above the table,
using graduated markers aligned vertically above the chest wall edge of the table. Small high

14
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contrast markers were placed on the breast support table and on the underside of the
compression paddle to assess vertical alignment. The image planes were then inspected to
check whether all markers were brought into focus within the reconstructed tomosynthesis

volume. K@
N

PN
S

15
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3. Results

3.1 Output and HVL &Q

The tube output and HVL results are shown in Table 3. The paddle was in the beam @
raised well above the ion chamber. Measurements were also made with the padc@ tact

with the upper surface of the ion chamber. The dose measured with the paddl Eln tact was

3% higher. s
Table 3. HVL and tube output measurement
kV Target Filter Tube outp H L
(HGy/ 1m)ﬂ
25 W Rh 11. 4& %
28 W Rh 16Q) 0.52
31 w Rh QG 0.55
31 W Ag 4 0.57
34 W Ag SQ 0.59
25 W 0.44
28 w Q(b 0.50
31 W ‘%\O O 0.55
34 W 50. 4 0.60
37 W 62.3 0.65
40 W 75.2 0.70
43 W 89.0 0.74

A g

3.2 Dose and CN

@f@ S

The 2D and to%&/nthes s@gs are shown in Tables 4 and 5, and presented graphically in
e s@e

Figure 2. T calculated using output measurements made with the paddle
raised ve th chamber. To correct to a more precise measurement, including
scatt th Ja multiplying factor of 1.03 should be applied.
% 4 sh the 2D CNR measurements for a 0.2mm thickness of aluminium foil. Table 5
ws&sured CNRs for the reconstructed tomosynthesis images and the central (zero
?“deg projection images. The dose for an individual projection is one fifteenth of the total

ii\ om a tomosynthesis acquisition.

16
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Table 4. Dose measurements for 2D images under AEC

PMMA Equivalent kV Target / mAst MGD+t NHSBSP CNR
(mm) breast filter (mGy) dose limit
thickness (mGy)
(mm) @
20 21 25 W /Rh 50 0.65 1.0 10Q\
30 32 26 W/Rh 72 0.86 1.5 0%
40 45 28 W /Rh 94 1.19 2.0 C)s.?
45 53 29 W /Rh 115 1.49 2.5 8.
50 60 31 W /Rh 139 2.04 3 8.2\
60 75 31 W/ Ag 152 2.75
70 90 34 W/ Ag 146 2.93 ‘% 5 /'Q 6.1
TThe mAs and MGD values quoted here include the pre-exposu Se ( (t WSmAS for
indicated thickness less than 50mm, 10mAs for 50mm or more %4 his included in the
image \é

o’ N

Table 5. Dose and CNR for tomosynthesis im es:dnder

PMMA Equivalent kV Target / n@t CNRin CNRin
(mm) breast filter Gy) reconstructed central
thickness ,\30 O tomosynthesis projection

(mm) image
20 21 26 @ ' 0.91 29.7 5.07
30 32 28 / Al '@ 1.01 21.6 3.79
40 45 3% W @@' 46 1.37 18.6 3.34

45 53 58 1.81 18.4 3.34

50 60 3 &/ Al 60 2.26 16.7 3.07

60 75 &3 / Al 72 3.30 14.3 2.76

70 90 (O 42 ,.% W / Al 64 4.22 10.9 2.16
*The mAs and GD va@boted include the pre-exposure pulse (tube load 5mAs), which is
not |ncIu the re ucted image.

\’0 Q\Q

f@o D anc@nosynthesis CNR results are presented graphically in Figures 3 and 4. Figure 3
%clud%target levels of CNR required to reach the NHSBSP minimum acceptable and
Vachl levels of 2D image quality (1Q), 3.4 and 5.0 respectively. These were calculated
n equivalent attenuation coefficient of 0.120 for 31kV W/Rh. The European limiting
&ues of CNR are also shown.

17
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° —— Tomo MGD (mGy)
—— 2D MGD (mGy) . 74)

6 --- Remedial dose limit ,', 5\$
3 2
-

» R
2 . Q(b' C)
0 T T S ! %O
0 2 40 N Oé\

T T
0 60 %/
Equivalent breast thickness (HQ) Q

Figure 2. MGD for 2D and tomosynthesis ex@\lres @fa\EC. (Error bars indicate
95% confidence limits.) Q q
O 0
-—

15+

—— sured 2D CNR

at minimum 1Q
@CNR at achievable 1Q
------ European limiting value

CNR for 0.2 mmAl

o )

T T T T 1
A \ 20 40 60 80 100
& Equivalent breast thickness (mm)

xge 3. CNR for 2D images obtained under AEC, compared with limiting values from
the NHSBSP and European protocols. (Error bars indicate 95% confidence limits.)
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40+

—— Focal plane

—— Projection
30- \$®

S

10+

0 T I
0 20
Equwalent breast thlckness

Figure 4. CNR for tomosynthesis mages@@ed ur(@gc (Error bars indicate 95%

confidence limits.)

Tomosynthesis CNR for 0.2 mmAl

The variation of tomosynthesis C |th dosgeN hown in Table 6 and Figure 5. A power fit
was applied to the relatlonshl@twee nd dose for reconstructed focal planes and
projections.

Figure 6 shows the v@«on of p |on CNR with tube angle for three thicknesses of PMMA.

Table 6. Varleftx& of tol ntheS|s CNR with dose
PMMA alent D Target/ mAs MGD CNRin CNRin
(mm) ast filter (mGy) reconstructed central
thlckQ DBT image projection
Q@‘ (M)
31 W / Al 16 0.50 9.3 1.77
?ws Qgs 31  WJ/Al 30 093 129 2.48
45 & 53 31 W / Al 60 1.87 17.9 3.72
sﬁo 53 31 W /Al 120 3.74 25.5 5.15

A

19
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30+ —— Focal plane
= —— Projection
e
S
N
2 20-
=
o
=
O
%)
(7]
(B}
= 10-
[
>
(%]
o
£
(@)
|_
0
0

Figure 5. CNR for a 53mm equivalent breas \knes @Qange of doses in

tomosynthesis mode. (Error bars indicat con@n e limits.)

O 0
. & &
é —— 20mm PMMA
_ @ —— 45mm PMMA
\Q —— 70mm PMMA
6+ \, @

0 5 10
Angle (degrees)

Figure 6. CNR measurements in tomosynthesis projections for three different PMMA
thicknesses.
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3.3 Image quality measurements

The contrast detail curve for 2D images is shown in Figure 7.

10+ \
— MGD = 2.05 mGy (AEC dose) EQ

==+ Acceptable
—— Achievable C)

=
|

o
=
|

Threshold gold thickness (um)

"O

/
S

T \ 1
0.10 013 016 020 025 031 (O) O 0.50 \G: 0.80 1.00

Detalil dlam&nm) @
O

*

Figure 7. Threshold gold thicknes% 2D i acquired at 31kV W/Rh. (Error bars

indicate 95% confidence Iimits.gs (Q
10

MGD = 1.23 mGy

MGD = 2.46 mGy (AEC dose)
MGD = 4.54mGy

+ Acceptable for 2D
Achievable for 2D

Id gold thickness (um)

-
-~~
-~
-~
-
o
-
_---—-

?\ ﬂm.

& 0.10 013 016 020 025 031 040 050 063 080 100

Detail diameter (mm)

Figure 8. Threshold gold thicknesses for tomosynthesis images for three doses at 33kV
W/AI. (Error bars indicate 95% confidence limits.)
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In Figure 8, CDMAM curves are shown for sets of sixteen tomosynthesis images, assessed
using the flatfielded plane in best focus from each set. Results are for the AEC selected dose,
and for half and twice this dose.

The image quality results shown in Figures 7 and 8 are summarised in Table 7. &@

Table 7. Average threshold gold thicknesses for 2D and tomosynthesis CDMAM iv@ges.

o~ ) )

Threshold gold thickness (um)

Detail 2D DBT DBT half ~ DBT double ~ Minimum @:hie ‘m\
diameter AEC dose AEC dose AEC dose AEC dose standaf@ a
fQ

(mm) 2.05mGy 246mGy 1.23mGy 4.54mGy for 2
_ r
0.1 0.635 1.125 1.690 0.879 »{ggo \L1oo
0.25 0.173 0.215 0.276 0.178 Q 2 0.244
0.5 0.086 0.092 0.119 0072 & .15% 0.103
1.0 0.044 0.045 0.062 0.034 ()" 0.081 0.056
V 4t N

3.4 Geometric distortion and resolution be\t@&n fo@anes

3.4.1 Height of best focus OQ® O®®

*
For the first three images, the height S%} focugiforneach ball was within 2mm of the true
height above the table, varying re th m across the image. This indicates that the
reconstructed focal planes are @r el to tPa face of the table, with no vertical distortion.

When the test tool was a tot ttom of the compression paddle, the paddle sloped
down slightly towards chest Wakgd e. The height of best focus equalled the nominal
height of the balls at rear of t@mage, and decreased towards the chest wall edge by 2 to
e

3mm, due to the pa .
RO
3.4.2 P%a acc @}within focal plane
Th dis?&e ween balls, calculated using the pixel spacings from the DICOM
3 Omm in both x and y directions. The true separation between balls was

h , were
@mm, i @nting a 4% scaling error. The maximum deviation from the mean separation was
.Zm@h x and y directions, while the test object’s manufacturing specification was a non-
ative positioning accuracy of +/- 0.1mm. These results indicate that there is no

cumq
@ ible geometric distortion within the focal plane.
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3.4.3 Appearance of the ball in adjacent focal planes

The image of a Imm diameter aluminium ball is well defined in the plane of best focus, with no
artefact. In focal planes above and below, the image of the ball becomes fainter, and stretc
into a line parallel to the chest wall edge of the image, as shown in Figure 9. The views s %@
are taken from focal planes at 2mm intervals, from 24mm below to 24mm above the pla

the actual height of the ball.

Figure 10 shows the focal planes re-sliced into vertical planes in the x-z and y-, |entat>Q\

O
S
» O
-24mm -22mm -20mm -18mm -16mm é

e

-12mm -10mm

:&.

18Mmm 20mm 22mm 24mm

*igurq&cal planes at different heights showing a Imm aluminium ball, 220mm from
?“the (e wall edge in the central area of a tomosynthesis image.

«O
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%
S
Q&

Figure 10. Vertically resliced planes through the centre of a 1mm aluminiurrGa'

110mm from the chest wall edge in the central area of a tomosynthe5|s [ . T
plane is on the left and the y-z plane is on the right. \

Table 8 shows the results of the automated analysis of the imag Qe X HM, and
the composite FWHM (from all planes) are shown. The dlffere\ etwe e quantities
indicate the shift or spread of the image between planes.

Figures 11 and 12 show that the composite FWHM i rec%rpendlcular and parallel
to the chest wall edge have no significant depen ithin the image.

the tomosynthesis image. Figures 13, 1’4, sho t dependence on position within
the image. The composite z-FWHM in S ver @1 with distance from the centre of the
chest wall edge, and decreases sliag incr ing height above the breast support table.

Table 8. Mean values OQ@MM fo@ diameter aluminium balls and their associated
reconstruction artefa ith ramges"

The composite z-FWHM measurements giveﬁ sure i@mter plane or z-resolution for

@-{M wit ane of Composite FWHM Apparent shift or
st fo@ (mm) using all planes (mm)  spread between focal

N

\0 planes (mm)
X (perpe r to 0.89 0.01
ches% Q 84 t0 0.93) (0.86 t0 0.93) (-0.01 to 0.04)
IIeI t t 0.88 0.94 0.05
(0.83t0 0.91) (0.89 t0 0.99) (0.01 to 0.09)

v

7 @c ) 11.0
(9.9 t0 12.2)
)
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Figure 11. Composite FWHM in the x-dire @per&@ﬂar to the chest wall edge)
ed

2.0

; . T T T 1
K 0 50 100 150 200 250

‘\O Distance from CWE (mm)

Figure 12. Composite FWHM in the y-direction (parallel to the chest wall edge) plotted
against distance from the chest wall edge.
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Figure 13. Composite FWHM in the z-dir d@(vertlc@ozted against distance from

the chest wall edge.
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Figure 14. Composite FWHM in the z-direction (vertical) plotted against distance from

the midline of the image.
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Figure 15. Composite FWHM in the z- dlre&ver @otted against height above the
table. <>Q

3.5 Alignment fb.

The alignment of the X-ray fie
support table is shown in
plane by no more than 5 %n,, h|c

Table 9. Alignmepd} -ray‘fier reconstructed tomosynthesis image

the focal plane at the surface of the breast
field overlaps the edges of the reconstructed focal
limit applied to 2D mammography.

Height above Wml field to reconstructed tomosynthesis image* (mm)

6\Front Back Left Right

5 5 5
*A &va@ icates that the X-ray field extends beyond the edge of the image

f@»amoun@ missed tissue at the chest wall edge was 4mm at heights of 0, 60 and 100mm
?sbove ast support table. This is within the 5mm limit which is applied to 2D
manqo aphy

g@arkers distributed across the surface of the breast support table and the underside of the
compression paddle were brought into focus in planes near the bottom or top of the image.
This showed that nothing is missed at the base or top of the reconstructed volume.
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4. Discussion

4.1 Dose and CNR ,\&@

The MGDs to the standard breast were calculated for a range of equivalent breast thi es
from 21 to 90mm. In both 2D and tomosynthesis modes the doses were well witl‘@
NHSBSP dose limits for 2D mammography (except for the smallest equivalent bre

thickness, where the tomosynthesis dose is close to the limit). The MGD to %m e WXeDnt
breast was 1.49mGy and 1.81mGy for 2D and tomosynthesis respective @ @S
dose limit for 2D mammography of 2.5mGy for this thickness. @ Q

In 2D mode under AEC, the CNR for all equivalent breast thickn ’s&xc e value
required to meet the NHSBSP standard for achievable image @ As in digital
thickness

mammography, the CNR in 2D imaging decreased significal@ S thev
increased, but remained better than the achievable standard. %

CNR values in reconstructed tomosynthesis focal pI@ are cted to be highly dependent
on the degree of smoothing and scaling inherentawithin the truction algorithm. Any
interpretation of absolute CNR values in relatj ity should therefore be treated
with caution. The focal plane CNR is se.e;gjﬁcrea breast thickness to a greater

extent than is the case for 2D CNR. Thi be ue to the greater amount of scatter
in the absence of a grid.

reaching the detector in the tomos§t®is proje¢t
CNR measurements were alsomade in th@cessed tomosynthesis projections. The

CNRs are lower because per prejection is a fraction (one fifteenth) of the total
tomosynthesis dose. Th in pro ns did not change significantly with projection angle
within the narrow ran tube a& on this system. Over a greater range of tube angles,
some variation in Wh projection angle would be expected due to changes in contrast and

noise.

NS,
The vari '(@f tomo sis CNR with dose was assessed. A power fit applied to the
relationgtm et NR and dose had an index close to 0.5 for both reconstructed focal
pl pr@; S. This indicates that quantum noise is the dominant noise source in the
t% thesis images.

*

0

@.2 i@e quality

@quality was assessed in both 2D and tomosynthesis modes using the CDMAM test
o)

ject under AEC. The 2D threshold gold thickness curve exceeds the achievable level of
image quality for all detail sizes.

The threshold gold thickness curve for tomosynthesis is close to the achievable level of image
quality that is defined for 2D mammography. However, this result takes no account of the
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ability of tomosynthesis to remove the obscuring effects of overlying tissue in a clinical image.
The degree of this effect in different tomosynthesis systems is expected to vary, depending on
the angular range over which projections are acquired. As expected, the threshold gold
thickness increases at half the AEC selected dose and decreases when the dose is doubled. @

There is no standard test object available yet that would allow a realistic and quantitativ 5\&
comparison of image quality between tomosynthesis systems, or between 2D and G‘Q
tomosynthesis modes. A suitable test object would incorporate simulated breast tissueto show
the benefit of removing overlying breast structure in tomosynthesis imaging, as o ared to 2D
Imaging. In the absence of such a test object, an extensive clinical trial wo eed
determine whether the performance of a particular tomosynthesis syste

clinically adequate.

4.3 Geometric distortion and reconstruction artefacts 6\0

Assessment of the geometric test phantom images demonsl@ad thatKﬁnstructed

tomosynthesis focal planes are parallel to the surface of breas table with no
vertical distortion. Within the focal plane, comparls eas actual separations
between imaged details demonstrated that there eom istortion, apart from an
overall scaling error of 4%. This is due to |nacc |n t spacing quoted in the image
DICOM headers used in the calculation.

In the tomosynthesis images of 1mm @mum th|n a PMMA block, the balls were well
defined and circular within the plan est h no artefact. However, in focal planes
above and below, the reconstruct rte C|ated with each ball persisted and stretched

into a faint line parallel to the @t wall

Within focal planes, th ?)%ad of &onstruction artefacts associated with the balls did not vary
with the position of t [. The'gpaximum extent of the 50% contour level in background
corrected pixeggﬂ@ arounc@ch ball did not significantly exceed that in the plane of best
focus. The dif than the pixel spacing of 0.1mm. Due to the geometry of the
diverging ry X-r m, the reconstruction artefacts might be expected to extend away

fromt reo
focal h@ThQ nsions compensates for this magnification effect between focal planes by
Y %e pixelsize with height, such that reconstruction artefacts appear to extend vertically
@re pla e@rpendlcular to the chest wall edge (when viewed within the stack of

c \Léd focal planes). A spread of the reconstruction artefacts is expected in the
dlre ftube motion (parallel to the chest wall edge of the image) over a distance which
%91 s on the projection angular range of the system. Although a line is seen parallel to the
chest wall edge away from the plane of best focus, the maximum extent of the 50% contour in
this direction was no more than 0.1mm greater than in the plane of best focus.

The 50% contour extended vertically between focal planes, giving a mean inter-plane resolution
of 11mm for Imm diameter balls. Balls of different diameter would result in more or less
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extensive reconstruction artefacts, so the inter-plane resolution would vary accordingly. A
tomosynthesis system employing a wider range of projection angles is expected to have
improved inter-plane resolution with less persistence between focal planes. Inter-plane
resolution did not vary by more than 10% with vertical or horizontal position of the balls. &@

4.4 Alignment Q’\o

It is not possible to assess alignment of the irradiated volume to the imaged volurgycause
the lateral parts of the volume are partially irradiated as the X-ray field moves during the
tomosynthesis scan. At the breast support table the X-ray beam extended

the reconstructed focal plane by no more than the 5Smm limit which is ap

mammography.

Assessment of alignment of the imaged volume in tomosyntheS| ec r@ssed volume
indicated that 4mm of tissue is missed at the chest wall edge ht Omm above the

breast support table. This is within the 5mm limit for 2D mav@ograp \S'here was no missed
e

tissue at either the top or bottom of the reconstructed m@ The nsions system
reconstructs five additional 1mm planes above the I‘€g‘;'?t of theN ed compressed breast
thickness, allowing for any inaccuracy in calibratidg orfilt of thQ) pression paddle.

>
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5. Conclusions

The technical performance was tested in both 2D and tomosynthesis modes. 2D performar@
met current NHSBSP standards for digital mammography, with image quality better than

achievable level. No performance standards have yet been set for digital breast tomo, sis
systems and it is not yet possible to predict clinical tomosynthesis performance fr e
results.

The MGD to the standard breast was found to be approximately 20% highetl 0 k«s
mode than in 2D mode. The tomosynthesis doses are well within the P dQll its for

2D mammography. . Q
S L
O
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Appendix 1. Manufacturer’'s comments

The manufacturer has added the following comments which are not part of the current @
evaluation, but provide further information about the equipment. ,\&

e The evaluation was carried out on a system with AWS version 1.4.2. More recentgo
Dimensions AWS software versions make images available in the DICOM Bre@

Tomosynthesis Object (BTO) or the Computerised Tomography (CT) forma?

enabling direct visualisation of the focal planes with DICOM viewer softw, he ;\

BTO and CT formats have a fixed pixel size for all focal planes to enlfﬁrI
compatibility with third party Picture Archiving and Communication ?b, )
workstations .

e The pixel spacing quoted in the DICOM header has beené&e@ ater

software version AWS 1.7. (see section 3.4.2) P,
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