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Executive summary

1.23mGy, which is below the dose limiting value of 2.5mGy for tomosynthesis in
protocol.

Technical performance of this equipment was found to be satisfactory, %@% \
de

could proceed to practical evaluation in a screening centre. This repor% line

S
measurements of the equipment performance including: . Q < ,
e dose &6 %(.)

e contrast detail detection O \
e contrast-to-noise ratio (CNR) O’
e reconstruction artefacts, z-resolution < ) \Q

e detector response \
e projection modulation transfer function (MTI?b
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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 digital breast tomosy Q
systems on behalf of the NHS Breast Screening Programme (NHSBSP).1-4 The stl

methods and standards applied are those of the relevant NHSBSP protocols whic
published as NHSBSP Equipment Reports. Report 14075 describes the tes |g|t
tomosynthesis systems.

The NHSBSP protocol is similar to the EUREF protocol,6 but the mg@ r Vld S additional
or more detailed tests and standards, some of which are |nclude v@

1.2 Objectives é

The aim of the evaluation was to measure the tech eﬁorn@f the GE
Senographe Pristina system in tomosynthesis mO\
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2. Methods

2.1 System tested

The tests were conducted at the GE factory in Buc, France, on the Pristina system. D@)f
the system tested are given in Table 1.

Table 1. System description

~\$®

Manufacturer

Model

System serial number
Target material
Added filtration
Detector type

Detector serial number
Image pixel size

Detector size

Pixel array

Source to table distance
Source to detector distance
Automatic exposure control

(AEC) mode
Tomosynthesis projectlo
Centre of rotation
Anti-scatter grid Q
Reconstructe %a pla

fo
Siabs \® \&

GE Healthcare
Senographe Pristina
000011171069167144 Q

Molybdenum (Mo), Rhodium (Rib\
30um Mo, 30um Silver (Ag)

Q
O

Caesium iodide (Csl) with a

photodiode array O
VXA0005_07

100pm Q
240mm x 28 &@'
2394 x 28 q
637mm\$ O

eqn@se projections, equally spaced, covering

above detector
Used in tomosynthesis exposures
Focal planes at 0.5mm (default and used in this
report) or Imm intervals,
10mm thickness with 5mm overlap between
adjacent slabs.
1.13

%@Q

The can only select 1 of 3 different sets of radiographic factors using AEC. For

‘ ioglcal thicknesses’ less than 35mm, 26kV Mo/Mo is used. For radiological thickness
@ to or greater than 35mm, 34kV Rh/Ag is used. Radiological thickness is defined as the
equivalent thickness of PMMA. The other set of radiographic factors 29kV, Mo/Mo, is used for
magnification views and is not used in tomosynthesis mode.
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In both 2D and tomosynthesis modes, Automatic Optimization of Parameters (AOP) is used for
automatic exposure control (AEC). The system acquires a low dose image with a pre-pulse
exposure. The signal in a small region of interest is examined to determine the appropriate
radiographic factors. If the radiological thickness is predicted to exceed 80mm thickness of @
PMMA for tomosynthesis then an error message will be displayed, and it will not expose 56
further. The radiographic factors selected for the pre-pulse are shown in Table 2. Q

Table 2. Radiographic factors for pre-pulse exposures, selected according t()
compressed breast thickness (CBT)

CBT Radiographic factors g \
L 2
<38mm 26kV Mo/Mo, 2mAs \Q’Q Q

238mm and <65mm 34kV W/Ag, 2mAs
>65mm 34kV W/Ag, 4mAs

S fC)
As the maximum compressed breast thickness (CBT) that &e reco\i cted in
tomosynthesis mode is 130mm, the system will prev@@osure%breasts

exceeding that thickness.

The system has a static mode for tomosynthesi@n\/\/hic %rojection images are acquired
with the tube at 0°. This mode was used fo uring alue layer (HVL) and tube output.

*
The X-ray tube can travel from left to pi rrig Qdepending on which one is the closer
when starting the tomosynthesis re. @

This system uses a moving@caﬂer %at has been specifically designed for
tomosynthesis. The grid I\ re R{ to the tube motion.

There is no mode i: maticall rform combination exposures, comprising a 2D and a

tomosynthesisg rein @ame compression.
*

Table 3. m@p file si‘@or 60mm CBT, 24cm x 29cm field size

\ Y .
FormaN ) Plxev?\ Frames per Total image
. frapte

image file size (MB)

10NS =, 2394%x2850 9 120
nes \Q 394x2850 145 1900
2394x2850 17 200

g‘guples of the image file sizes are shown in Table 3. The file size of the reconstructed
volume depends on the CBT and field size.

The Senographe Pristina is shown in Figure 1.
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Figure 1. The GE Senographe Pristina d|g@east t@@gthesm system (image

courtesy of GE Healthcare)

O
\3

2.2 Dose and contrast-to- r@ ram&

2.2.1 Dose measureme&

To calculate the M& e stan d breast, measurements were made of HVL and tube
output, at the ble @ target/filter combinations. The output measurements were
made on the midline at dard position of 40mm from the chest wall edge (CWE) of the
breast sup@vplatf A e compression paddle was in the beam, raised well above the ion

chambbo

*

I Q@synthegmode, exposures of a range of thicknesses of polymethyl methacrylate
@MA ade using AEC. For each measurement the height of the paddle was set to the

quiva breast thickness for that thickness of PMMA. Spacers were positioned at the nipple
Vedeft e field, so as not to affect the operation of the AEC.

method of measuring tomosynthesis doses described in the UK protocol differs slightly
from the method described by Dance et al.” The incident air kerma is measured with the
compression paddle well above, instead of in contact with, the ion chamber. Measurements on
other systems'2 show that this variation reduces the air kerma and thus the mean glandular
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dose (MGD) measurement by 3% to 5%. Otherwise the MGDs in tomosynthesis mode were
calculated using the method described by Dance et al.”

This is an extension of the established 2D method, using the equation: @
D = KgcsT (1) @Q

where D is the MGD (mGy), K is the incident air kerma (mGy) at the top surface o PMMA
blocks, and g, ¢ and s are conversion factors. The additional factor, T, is derlv

weighted correction factors for each of the tomosynthesis projections. V

tabulated® for the GE Senographe Essential for different CBTs, and th

appropriate for the Pristina, because it has the same geometry. Q

e & s
2.2.2 Contrast-to-noise ratio

For contrast-to-noise ratio (CNR) measurements, a 10rrg{10mm of 0.2mm thick
aluminium foil was included in the PMMA phantom, @ bove the table on the

midline, 60mm from the CWE.

The CNR was measured in the focal plane m@the ium square was brought into
focus. The 5mm x 5mm regions of intere: divided into 2Imm x 1mm elements
and the background ROIs were positi@djace e aluminium square, as shown in
Figure 2. The mean pixel values a sta

x Imm elements, and the CNR W%Iculat

eviations were averaged over all the 1mm
CNR was also assessed gl\\ggﬁpr tomosynthesis projections acquired for these

m these averages.
images and in the slabs.

The variation in ce rojection R with breast thickness and the variation in projection
CNR with proy;@ ngle 3mm breast were also assessed.
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Figure 2. The position of 5mm x 5mm ROIs for assessment of CNR 5\\0 s:

(The CWE is to the left) C)Q
&‘\ Ke

A CDMAM phantom (Version 3.4, serial number 102 L@: St. R ud, Nijmegen University,
Netherlands) was positioned between 2 blocks of P , eac thick. The exposure
factors were chosen to be close to those selecte the A en imaging a 50mm
thickness of PMMA. This procedure was rep (o] obta% epresentative sample of 16
images at this dose level. Two further sets@ mages uble and half this dose were then
acquired.

The focal plane corresponding t@cal n of the CDMAM phantom within the image
was extracted from each reconstrutted stﬁﬁtnages The sets of CDMAM images were read
and analysed using 2 soft Is: C version 1.6 (www.euref.org) and CDMAM
Analysis version 2.1 (NC , éﬁ K). This was repeated for 2 focal planes

immediately above an low th ected plane of best focus to ensure that the threshold
gold thickness quotethc rrespon to the best image quality obtained.
This analysis &epea the slab which included the height of the CDMAM phantom

above th t@st sup

2. @ @Qﬁ rtion and reconstruction artefacts

relatlo p between reconstructed tomosynthesis focal planes and the physical geometry
Af the @e that they represent was assessed. This was done by imaging a geometric test
Vpha om'tonsisting of a rectangular array of 1mm diameter aluminium balls at 50mm intervals
? iddle of a 5mm thick sheet of PMMA. The phantom was placed at various heights (7.5,

g"‘& and 52.5mm) above the breast support table, within a 60mm stack of plain sheets of
PMMA. Reconstructed tomosynthesis planes were analysed to find the height of the focal plane
in which each ball was best in focus, the position of the centre of the ball within that plane, and
the number of adjacent planes in which the ball was also seen. The variation in appearance of
the ball between focal planes was quantified.

2.3 Image quality measurements

10
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This analysis was automated using a software tool developed at the National Coordinating
Centre for the Physics of Mammography (NCCPM) for this purpose. This software is in the form
of a plug-in for use in conjunction with ImageJ.

2.4.1 Height of best focus 5\$®

were compared for all balls within each image, to judge whether there was any tiltiof the test
phantom relative to the reconstructed planes, or any vertical distortion of the fgeal p anesg%hin

the image. . Q
2.4.2 Positional accuracy within focal plane %\' C)Q
The x and y co-ordinates within the image were found for each an re' perpendicular
and parallel to the CWE, respectively). The mean distances een t balls were
calculated, using the pixel spacing quoted in the DICOM image hea ekis was compared to
the physical separation of balls within the phantom, @ s the ing accuracy in the x and

y directions. The maximum deviations from the mea ndy rations were calculated, to
indicate whether there was any discernible disto of the within the focal plane.

2.4.3 Appearance of the ball in adjac’e@l plar%
N O
o@anes were assessed visually.

in focal planes adjacent to those containing

For each ball, the height of the focal plane in which it was best in focus was ident‘i@@e ults

Changes to the appearance of a b @A/een f

To quantify the extent of recongtruction ar
the image of the balls, the ructe e was treated as though it were a true 3-

dimensional volume. The’SQ' are¢ooNwas used to find the z-dimension of a cuboid around
each ball which woul lose al Is with values exceeding 50% of the maximum pixel
value. The metho was o ré=slice the image vertically and create a composite x-z image
using the maxi |xeLv from all re-sliced x-z focal planes. A composite z line was then
created using thé&maxi xel from each column of the x-z composite plane, and a full width
at half maxj (F easurement in the z-direction was made by fitting a polynomial
spline)@l el re background subtracted using the mean pixel value from around the
ba r@e pla best focus. The composite z-FWHM thus calculated (which depends on the
?'5\‘0 the i@ge ball) was used as a measure of the inter-plane resolution, or z-resolution.

D

@Iignment of the imaged volume to the compressed volume was assessed at the top and
bottom of the volume. In order to assess vertical alignment, small high contrast markers
(staples) were placed on the breast support table and on the underside of the compression

paddle, and the image planes were inspected to check whether all markers were brought into
focus within the reconstructed tomosynthesis volume. This was first done with no compression

ment

11


https://imagej.nih.gov/ij/

Technical evaluation of GE Senographe Pristina digital breast tomosynthesis system

applied and then repeated with the chest wall edge of the paddle supported and 100N
compression applied.

2.6 Image uniformity and repeatability @
The reproducibility of the tomosynthesis exposures was tested by acquiring a series of ’6
images of a 45mm thick block of PMMA using AEC. A 10mm x 10mm ROI was positi@
60mm from the chest wall edge in the plane corresponding to a height of 22.5mmfabove the
breast support table. The mean and standard deviation of the pixel values in the ROl'w

found and the SNR was calculated for each image. These images and other ired Quri

the course of the evaluation were evaluated for artefacts by visual mspegk Q

reconstructed tomosynthesis images. The signal to noise ratio (ﬁ)
outside the CDMAM grid in the same position in the in focus&&

image.

2.7 Detector response < ,O \@

The detector response was measured for the d r opiL in tomosynthesis mode. A
2mm thick aluminium filter was placed in the eam and hed to the tube port. The
compression paddle was removed. Th S |IabIe alities (26kV Mo/Mo, 34kV Rh/AQ)

were selected and images were acqu
mode. The air kerma was meas
kerma incident at the detector. N re made for the attenuation of X-rays by the
breast support or anti-scatte . A 10 Omm ROI was positioned on the midline, 50mm
jection image. The mean pixel value was measured

from the chest wall edge ce
and plotted against e@m incidemt at the detector.

2.8 Tlmlng?\KO 06

Using a tch im \mmgs were measured while imaging a 45mm thickness of PMMA
using can,pti ere measured, from when the exposure button was pressed until the
@ was released, and to the moment when it was possible to start the next
e. Reco tructed images were not displayed on the acquisition workstation, so the

str tlme was not noted.

?‘s\o\

12
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2.9 Modulation transfer function

Modulation transfer function (MTF) measurements were made in tomosynthesis projection
images as described in the EUREF protocol,® at heights of Omm and 40mm above the breast @
support table. Since the doses are low in the tomosynthesis projections and the MTF res

are noisy, a 10th order polynomial fit was applied to the results. @Q
2.10 Local dense area < )

This test is described in the EUREF protocol.® Images of a 30mm thick blgg , \sge
180mm x 240mm, were acquired using AEC. Extra pieces of PMMA bet 2a thick
and of size 20mm x 40mm were added to provide extra attenuation. TI@omp n plate
remained in position at a height of 40mm, as shown in Figure 3. IMula e area was

positioned 50mm from the CWE of the table.
In the simulated local dense area the mean pixel value and dard erstion for a 10mm X
10mm ROI were measured and the signal-to-noise I@@NRS) v&* calculated for the

projection images.

13
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Top view

<
Spacers (10mm thick ,\&
el | )OQ)Q
O
= S

- e
Extra attenuation (20mm x 40mm) &
Eﬁgttenu ti(&\
S\

Side view Qmpr% ddle
\ J &?3 S (10mm thick)

® 3Ommo%mm

@ @ Bucky
Figure 3. Set-up to mea&t{' E@mame for local dense areas

F-——-—=-==-=--

14



Technical evaluation of GE Senographe Pristina digital breast tomosynthesis system

3. Results

3.1 Dose and contrast-to-noise ratio using AEC

,\&Q)

The measurements of HVL and tube output of the system in tomosynthesis mode arego
summarised in Table 4. < ’

kV Target/filter HVL (mm Al) Output (uGy/mAs at 1m)
26 Mo/Mo 0.34 26.7 \ ( )

*
34 Rh/Ag 0.54 45.2 b\

The MGDs to the standard breast model are shown in Figu@ All Mé% Einclude the

preliminary exposure, which is not included in the im e@1e dosediiting value from the
EUREF protocol® is shown. The MGDs are shown in\Taple S.QQ

AN
D> O
. QY A&
—-— MGD &30@0@ |

--- Dose limiting value @‘

Table 4. HVL and tube output measurement in tomosynthesis mOde‘;\\Q bQ@

MGD (mGy)
"
/
é@
2,

0 40 60 80
Equivalent breast thickness (mm)

5\\
AS B\ QX ' ' ' '
A Q 100
Q <&

igureyds D for tomosynthesis exposures acquired using AEC. Error bars indicate
Q 95%confidence limits.

«O

15
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Table 5. Dose for tomosynthesis images acquired using AEC

PMMA Equivalent kV Target/ mAs MGD Dose Displa-  Displayed
thickness breast filter (mGy)  limiting yed % higher
(mm) thickness value dose than
(mm) (mGy) (mGy) MGD
20 21 26 Mo/Mo 18.0 0.51 1.2 0.53 3.8
30 32 26  Mo/Mo 39.6 0.81 15 0.84 39
40 45 34 Rh/Ag  24.3 1.14 2.0 1.17 C)@%
45 53 34 Rh/Ag  28.9 1.23 2.5 1.28 4.2%
50 60 34 Rh/Ag 345 1.36 3.0 1
60 75 34 Rh/Ag 49.0 1.74 4, 5
70 90 34 Rh/Ag  78.6 2.36 Q 3%

Figure 5 shows the CNRs measured in focal planes, central prOJ
CNRs are shown in Table 6. Figure 6 shows the CNR in the

projection angles.

Figu

&

CNR for 0.2 mm Al
N

co nce li
>

¥

9

g@

—e— Projections
-+ Planes
—— Slabs

60

80

quwalent breast thickness (mm)

100

nd slabs. The
at different

synthesis images acquired using AEC. Error bars indicate 95%

16
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Table 6. CNR for tomosynthesis images acquired using AEC

CNR
PMMA Equivalent kV  Target/ mAs Focal Slabs Central
thickness breast filter planes projections
(mm) thickness @
(mm) QY
20 21 26 Mo/Mo 18.0 5.49 4.62 7.00 (\
30 32 26 Mo/Mo  39.6 5.60 4.72 6.7 @
40 45 34 Rh/Ag 243 4.84 4.20 5.9@
45 53 34 Rh/Ag 289 5.02 4.36 % \
50 60 34 Rh/Ag 345 4.90 4.24 *Q&. @
60 75 34 Rh/Ag 49.0 5.31 4.35®5§ 4.3Q
70 90 34 Rh/Ag 78.6 5.44 A8 8.97
F
6- /O \

Tomosynthesis projection CNR

A

O

U OO 50

Angle

10°

(')15° 16@ -Ié
oS O
. lgyfe‘%gptlor! 0

indica o CO
A&?Lné@gality measurements

e limits.

15°

jection CNR with angle for images of 45mm PMMA. Error bars

The{v’kst threshold gold thicknesses were obtained for focal plane 54 and slab 5. In Figures 7

A3

Figures 7 and 8 are summarised in Table 7.

17

the threshold gold thicknesses are shown for focal plane 54 and slab 5 at approximately
C dose and twice and half the AEC dose. The threshold gold thicknesses shown in



Technical evaluation of GE Senographe Pristina digital breast tomosynthesis system

[EnN
o
1

— MGD = 0.67mGy
= MGD = 1.34mGy

—+— MGD = 2.65 mGy @
--- Acceptable limit for 2D \$
- _Achievable limit for 2D

[ERN
ot

0.01 ; ; : : : : : o ’(\(b C)

NINE
0.10 0.13 0.16 0.20 0.25 0.31 040 0.50 @: 0.8
Detail diameter (mm) O \
/
Figure 7. Threshold gold thickness for plane 54,@@% IeveL:\Error bars indicate 95%

confidence limits. \Q
" O G%D =0.67mGy

<Qf MGD = 1.34mGy
b "+ MGD = 2.65mGy

@ --- Acceptable limit for 2D
> |-

o
[ERN
1

Threshold gold thickness (um)

[ERN
o

[ERN
Iy

- Achievable limit for 2D

=
~..
., -
e,
LY

e,
2%

Threshold gold thickness (um)

. ,I T T T T T T T 1
,\ .10Q. 0.16 0.20 0.25 0.31 040 050 0.63 0.80 1.00
@\ @ Detail diameter (mm)
Qigure,@reshold gold thickness for slab 5, at 3 dose levels. Error bars indicate 95%
? "confidenee limits.

«O
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Table 7. Threshold gold thickness for reconstructed focal plane 54 and slab 5 of the
image of the CDMAM phantom (automatically predicted data)

Detall Threshold gold thickness (um)

diameter  Plane Plane Plane Slab Slab Slab

(mm) (0.67mGy) (1.34mGy) (2.65mGy) (0.67mGy) (1.34mGy) (2.65mGy) _
0.1 1.87 +0.27 1.41+0.14 0.95 + 0.15 3.69 + 0.62 2.20+0.22 1.77 ﬂ%%
0.25 0.35 £ 0.05 0.25+0.03 0.20 £ 0.03 0.62+0.10 0.40 £ 0.04 0.33&

0.5 0.13 + 0.02 0.11 £ 0.01 0.089 + 0.017 0.22 + 0.05 0.17 + 0.02 0@: 0.03
1.0 0.070+£0.020 0.063+0.013 0.037 £0.011 0.12 +0.04 0096+001QG)88+0027

3.3 Geometric distortion and resolution between focal plan \ Q®
3.3.1 Height of best focus 6\0 C)C)

All balls within each image (planes and slabs) were brought@ focus\hg e same height
(x1mm) above the table, and within 1mm of the expecte |ght indiCates that the focal
planes are flat and parallel to the surface of the bre%pport ith no noticeable vertical

distortion. \

Additional planes are reconstructed below th
paddle. The first focal plane correspon

The last focal plane corresponds to a above the underside of the
compression paddle. With the O ne s used for testing, the number of focal
planes reconstructed is equal to t the 'c ed breast thickness in millimetre plus 25 for
planes and 1/5 of the |nd|cate east t s plus 2 for slabs.

3.3.2 Positional acc |th| ocal plane

No significant i@n or sc@g error was seen within focal planes. Scaling errors, in both the
xandy dlrectlgﬁq ere fi to be less than 0.5%. Maximum deviation from the average
distance e@en the @ was 0.18mm in the x and y directions, compared to the

manuf gto of 0.1mm in the positioning of the balls.

3’3\\& ppeagce of the ball in adjacent focal planes

the e*of best focus the aluminium balls appeared well defined and circular. When
viewg? successive planes, moving away from the plane of best focus, the images of the balls
SHrahK in the direction parallel to the CWE. The changing appearance of one of the balls
through successive focal planes and slabs is shown in Figures 9 and 10.

19
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%
g
.... Q

-4mm -3mm -2mm -1mm C)®

L1 T e

Omm +1mm +2mm +3mm

Figure 9. Appearance of Imm aluminium balls in recons %anes at Imm
intervals, from 4mm below to 3mm above the plane of b focusc\

5mm _ Omm ;
Figure 10. Appearance of 1m i S in reconstructed slabs at 5mm intervals,
from 5mm below to 10mm abov

Image extracts fora b s\mone the central area, 120mm from the chest wall, are shown
in Figure 11. In thes es, p| W|th|n the focal plane represent dimensions of

approxmately?\{@ x 0. 1m@The spacing of reconstructed focal planes is 0.5mm.

o O
O oD
RO
Q. @
v&\‘ﬁ\
\O
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(i) x-y single plane (i) MIP x-y all planes (iii) x-z all planes (iv) y-z all planes

.

Figure 11. Extracts from planes showing 1Imm aluminium ball in (i) single foCal ne, (i)
Maximum Image Projection (MIP) through all focal planes, and through resglicéd vertical
planes in the directions (iii) parallel and (iv) perpendicular to the chest ;

Measurements of the z-FWHM of the reconstruction artefact assog ﬁth e@}) Il are
summarised in Table 8 for images of balls at heights of 7. 5mm and 5 above the

breast support table.

Table 8. z-FWHM measurements of 1mm dlameter aI |um b
z-FWHM (range) Q

Planes 7.9mm (6.3 to 14.0) Q

Slabs 13.1mm (10.2 to 17.0)

3.4 Alignment 0

The staples on the breast support @addle were brought into focus within the
n applied and only the chest wall edge of the

reconstructed volume. Wi comp
paddle supported, the st under t mpression paddle near the CWE of the paddle were
in focus within the recanstructed g\(ne.

There was no z§@t|ssue @e bottom or top of the reconstructed volume.
The chest ge of@breast support was measured to be 5mm from the edge of the
detector as o imit of acceptability.

% ageQ\ifermity and repeatability

sis mode the AEC selected the same tube voltage and target/filter combination
or eac the 5 repeat exposures, and the tube load varied by a maximum of 1%. For
res repeated during the 3 days of the evaluation the tube load varied by a maximum of
ithin the 5% limiting value in the EUREF protocol.®

In the test of repeatability of the tomosynthesis reconstruction, using images of the CDMAM
phantom, the maximum deviation from the mean SNR was found to be 2%.

The reconstructed images of plain PMMA were uniform with no visible artefacts.
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3.6 Detector response

The detector response for the central projection of tomosynthesis images acquired at 26kV

Mo/Mo and 34kV Rh/Ag, with anti-scatter grid, is shown in Figure 12. &Q
500+
—— 26kV, Mo/Mo
-= 34kV, Rh/Ag

400+
Q
=
<
< 300+
X
= >
Q
$ 200- 6\ < )
(5]
: O\

O
x=3.14y +0.37 %
. Cr
T T T - !
0 20 40 Q 100

Incident air kerma ector,

Figure 12. Detector response in tomg@es@e
3.7 Timings s

Scan times are shown in \Q @ osynthesis images are reconstructed within the
acquisition workstatio d then to a review workstation for display. A review station was
not available and sg.the*time fro ecompression until the reconstructed image is displayed
was not meas

Table 9. and reqﬁ}fructlon timings

Time

sta posure until decompression 9s
T oms exposure until next exposure is possible 17s
fr mpression until reconstructed image not measured
|sp

K.B Modulation transfer function

MTF results for the central projection images are shown in Figure 13. Results are shown in the
2 orthogonal directions parallel (u) and perpendicular (v) to the tube axis, at Omm and 40mm
above the surface of the breast support table. These results are summarised in Table 10.
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1.0 - — MTF(u) at Omm
s — MTF(v) at Omm
0.8 1 N --- MTF(u) at 40mm @
N --+ MTF(v) at 40mm 5\&
0.6
LL
|_
=
0.4 1
0.2
0.0 . .
0 2

Spatlal frequency (mm-~ 1) O

Figure 13. MTF for central projections C) @

Table 10 MTF for central projections in the dirggtions p (u) and perpendicular (v) to
the tube axis . <
Spatial omm ¥0mm N\
frequency above table @ve tahle
(mm) u

0 1.00 1. 00 0 OO

1 0.85 0.84 % 0.8 0.82

2 0.65 0.64

3 0.45 s% 0.46

4 0.30 32 0.29 0.31

5 0.2 @ 0. 22 0.19 0.21

6 ‘%b . Q 0.12 0.14

7 \ 11 0.07 0.09

8 0. 07 0.09 0.06 0.07

9

[ERN
@

(59 Q 0.09 0.08 0.07

Q 0.08 0.09 0.08

N\

?“The ﬁ%requencies of the 50% MTF (MTF50) are shown in Table 11.
@ 11 MTF50 for central projection

u-direction v-direction
Omm 2.73mm1 2.83mm1
40mm 2.66mm-1 2.75mm1
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3.9 Local dense area

Exposures were found to vary with addition of the small pieces of PMMA, indicating that the

AEC adjusts for local dense areas in tomosynthesis mode. The system changed from 26kV @
Mo/Mo to 34kV Rh/Ag between 34mm and 36mm of total thickness of PMMA. It was expe\g'q

to switch at 35mm.

The test in the EUREF protocol® is based on an assumption that when the AEC a%as or local
dense areas, the SNR should remain constant with increasing thickness of ext

results are presented in Table 12 and Figure 14. The results show a Iarge c in S

between 34mm and 36mm of PMMA, accompanied by a change in the

combination. This results in SNR differences from the mean SNR valu rg the 20%
tolerance.® If the SNR results for only the 34kV, Rh/Ag are use e S rewithin the
20% tolerance. It should be noted that this tolerance was set in I&ot forJa base of 40mm
PMMA rather than 30mm PMMA used in this report.

Table 12. AEC performance for local dense areas m ured on h |d||ne and 50mm
from the CWE

% leﬁerence from
@1 NR result of

Total

attenuation Target/  Tube loa only 34kV,
(mm PMMA) KV filter (mAs) (QNR O ISNRs  Rh/Ag
32 26  Mo/Mo -24% -
34 26 Mo/Mo .3 -23% -
36 34 Rh/Ag 20.0 14% 7%
38 34 g 19.6 12% 5%
40 34 18.9 10% 3%
42 34 &/Ag 0 18.8 8% 1%
44 h/A 26.4 18.2 6% -1%
46 @9 27.8 18.2 2% -4%
48 \ G&A 29.4 17.4 -5% -11%

.gz? Q‘\

4 @
?\
‘\
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30 35 40 45 &b\ 5
Total PMMA thickness (mm) O \é

4
Figure 14. AEC performance in projection image @cal den%areas
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4. Discussion

4.1 Dose and contrast-to-noise ratio &Q

N\

The MGDs in tomosynthesis mode were lower than the dose limiting values set for @Q
tomosynthesis systems in the EUREF protocol.®

CNRs in projections showed a steady decrease with increasing breast thlckne NRS
in the resultant reconstructed planes and slabs were relatively constant

4.2 Image quality (\
In the absence of any better test object for assessing tomosyn |ma rformance,
images of the CDMAM test object were acquired in tomosy IS mo the dose close to
that selected by the AEC, the threshold gold thickness f éconst aI planes was better
than the minimum acceptable level and, for detail dlﬂ{g n 0.13mm, close to the
achievable level of image quality that is applied te 2 y. Results were determined
for focal plane number 54 and slab 5, which ga best % for planes and slabs
respectively. For double and half the AEC sO dos hreshold gold thickness changed
as expected. Q

\ O
These results take no account oft y of t yntheS|s to remove the obscuring effects of
overlying tissue in a clinical i |mag the of this effect is expected to vary between
tomosynthesis systems. Ther y dard test object that would allow a realistic and
guantitative comparison yntt%mage guality between systems or between 2D and
tomosynthesis modes. A sbitable te@st object would need to incorporate simulated breast tissue

to show the benefit g ovmg |ng breast structure in tomosynthesis imaging, as
compared to 2D |

4.3 Geo g\c dls@& and reconstruction artefacts

Asse t of dlstortlon demonstrated that the reconstructed tomosynthesis focal
re flat@n parallel to the surface of the breast support table. No vertical or in-plane
tion W®seen and there were no significant scaling errors.

?\ he re tructed tomosynthesis volume starts about 5mm below the surface of the breast
suppert table and continues 8mm above the nominal height of the compression paddle. This is
| in that it allows for a small margin of error in the calibration of the indicated thickness or
some slight tilt of the compression paddle, without missing tissue at the bottom or top of the
reconstructed image.

The mean inter-plane resolution (z-FWHM) for the 1mm diameter balls was 7.9mm and
13.1mm for the planes and slabs respectively.
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4.4  Alignment

The alignment of the X-ray beam to the reconstructed image was satisfactory.
There was no missed tissue at the bottom or top of reconstructed tomosynthesis images. ,\@

The distance between the chest wall edge and the detector was 5mm. This is on the I@ the
EUREF protocol.®

4.5 Image uniformity and repeatability E\
esIs

The repeatability of tomosynthesis AEC exposures and the repeatablll s@’
reconstructions were satisfactory with values of between 1 and 2% hegdimit of 5%.

. - D S
4.6 Modulation transfer function &

There are only small differences in the MTFs between t orthogo aI ctions and there is
little reduction in the MTF at 40mm above the breast support. T- em uses step and shoot
acquisition and so the x-ray tube is stationary du osur re is some geometric
blurring due to the size of the focal spot. The ef% n the small at this height,
according to Marshall and Bosmans, 2012.8 ect p and shoot and tube motion
during acquisition on the MTF of the proy& tomoq@sls images is explored in a paper by
Mackenzie et al.®

4.7 Local dense area %

The EUREF protocol® st tthe%n is expected to adjust the exposures in response to
the thickness of added visional tolerance was that the SNR is kept within 20% of
the average SNR.

The GE Seno Pristi dertakes a low dose pre-exposure to set the radiographic
factors. Thedactors are@usted according to the densest area detected in the image.
However isa la,g hange in SNR when the exposure factors change with added
thICk’)ng P 40mm thick block of PMMA had been used for this test (as described
tocol®), then the change in kV and anode/filter combination would have been
ided. T ppropriateness of the 20% tolerance is in doubt if a system changes the
Qa iog@ actors as the PMMA is added, as occurred here. For this system, using only the
e

?‘SNR s for radiographic factors of 34kV, Rh/Ag, then the results were within the 20%
{o\ésce
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5. Conclusions

was found to be satisfactory, although image quality standards have not yet been establi

The technical performance of the GE Senographe Pristina digital breast tomosynthesis syst
for digital breast tomosynthesis systems. @

The MGD to the 53mm thick standard breast in tomosynthesis mode was found t .23mGy.

This is below the dose limiting value of 2.5mGy for tomosynthesis.® Q \
S
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