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ABSTRACT

To evaluate the effect of patient size on effective dose and image quality for Digital Chest
Tomosynthesis(DTS) using additional 0.3 mm copper filtration. Eighty artificial nodules were placed in the thorax
phantom(“Lungman," Kyoto Kagaku, Japan), and Digital Chest Tomosynthesis(DTS) images of the phantom were
acquired both with and without added 0.3 mm Cu filtration. To simulate patients of three sizes: small, average
size and oversize, one or two 20-mm-thick layer of PMMA(polymethyl methacrylatek) blocks were placed on the
phantom. The Effective dose was calculated using Monte Carlo simulations. Two evaluations of image quality
methods have been employed. Three readers counted the number of nodules detected in the lung, and the
measured contrast-to-noise ratios(CNRs) were used. Data were analyzed statistically. The ED reduced 26uSv in a
phantom, 33uSv in one 20-mm-thick layer of PMMA block placed on the phantom, and 48uSv in two
20-mm-thick layer of PMMA blocks placed on the phantom. The Effective dose(ED) differences between DTS
with and without filtration were significant(p<<0.05). In particular, when we used two 20-mm-thick layer of
PMMA blocks placed on the phantom, the ED was significantly reduced by 36% compared with those without
additional filtration. Nodule detection sensitivities were not different between with and without added filtration.
Differences of CNRs were statistically insignificant(p>0.05). Use of additional filtration allows a considerable dose
reduction during Digital Chest Tomosynthesis(DTS) without loss of image quality. In particular, additional
filtration showed outstanding result for effective dose reduction on two 20-mm-thick layer of PMMA blocks
placed on the phantom. It applies to overweight patients.
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I. MATERIAL AND METHODS
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Fig. 1. Eight artificial nodules placed in the lung.
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Fig. 2. Regions of interest to measure the CNR and
SNR.
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Table 1. Effective Dose of Non-filter and 0.3 mm Cu
filter

Effective Dose (uSv)

Difference
Size Speed 0.3 mmCu Filter <
Filter Non-filter  Non-filter
Sl 200 68 107 36.4%
a 400 33 66 50%
e 200 104 174 40.2%
VErEE 400 53 86 38.4%
200 133 266 50%
Large
400 86 134 35.8%
2. 97 H7t

2.1 4F4 Hrt

ol #H ZAA HU+100S o]&sle] Wy 7],
speed, F-712E f5Fo] wE CNR, SNR 54 Z2¥
= Table 29} 7t}

o] 7} gl
Average sized W speed 200571 oA CNR2 7}
Z} 1.21+0.05, 1.28+0.05, SNRX Z}Z} 7.42+0.17,

7.45+0.18, speed 400274  CNR 717}
1.20£0.12, 1.25+0.12%1 32, SNRS Z+7Z} 14.37+1.19,
1414412302 RE OFdA EAZFSE #93F
2po] 7 gl

Large size¥ speed 200%71° 4] CNR2 22t

1.36+0.11, 1.39+0.11, SNRS 77} 11.52+0.97,
10.7840.85, speed 400%7AlA  ZtzZt  CNRS
0.66£0.06, 0.65£0.06, SNR-> Z}Z}  8.54+0.22,

820+0.190.2 RE IZJA] EAHoE o3t
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Table 2. Result of artificial nodule(HU+100) on
Non-filter and 0.3 mm Cu filter.

speed 200571 Al F-7FHIE
of w2 CNRZ 0.3 mm Cu filterd © 3.22+0.18,
Non-filterd ] 3.27+0.18, SNR+ 0.3 mm Cu filterd
uf 7.32+0.25, Non-filterd @ 7.26+0.25%13L, speed
400Z 7oA CNR2 2.61+0.147} 2.72+0.14, SNR-
9.06£0.937} 9.28+0.98 %2 N 1?«01]*1 SAHeR
Fo gk 2ol 7} $IU T}, Average sized ™| speed 200
ZAe 4 CNRE 3.11+0.17% 3.27+0.17, SNR
7.24+0.257} 7.19+0.23, speed 400x71o4 CNR
2.12+0.15%  2.2240.15%1 3L, SNR  13.36+1.29%}
13.70£1.39% R+ :Lf‘—oﬂ’ﬂ ZEAAHoZE Fosk 2t
o]7} §l3lt}h. Large sized W speed 2003710 A
CNR 2.65+0.143} 2.75+0.15, SNR2 9.50+1.033}
9.17+0.95, speed 400% 7104l CNRZ 1.36+0.127}
1.31£0.13, SNR 13.12+1.323} 12.56+1.25% EE&
aFA BAMOR Feld Aol7t gtk

AF # Ad HU -630= °]&3te] A A7],
speed, F-7FZE 5o w2 CNR, SNR 54 23}
+ Table 37} 2t} Small size W speed 2003271 9|
A FH7HEE {5 12 CNR2 0.3 mm Cu filter
o u] 1.21£0.05, Non-filterd W] 1.24+0.05, SNR
0.3 mm Cu filterd ©] 7.46+0.18, Non-filterd uj
7.5040.18%1 3L, speed 400F7olA CNRS Z}7}
1.40+0.13, 1.39+£0.12, SNR< 22+ 10.52+0.82,
17.48+0.97= 2= ZIFolA SAFoZE {23t 2

small sized

Size Speed Filter CNR SNR p-

value
0.3 mmCu 3.22+0.18  7.32+0.25
Small 200 Non- filter  3.27+0.18  7.26+0.25 0.358
400 0.3 mmCu 2.61+0.14  9.06+0.93 0358
Non- filter 2.72+0.14  9.28+0.98
200 0.3 mmCu 3.11+0.17  7.24+0.25 1
Non- filter  3.27+0.17  7.19+0.23
Average
400 0.3 mmCu 2.12+0.15  13.36+1.29 1
Non- filter  2.22+0.15  13.70+1.39
200 0.3 mmCu 2.65+0.14  9.50+1.03 0358
Large Non- filter  2.75+0.15 9.17+0.95
400 0.3 mmCu 1.36+0.12  13.12+1.32 0.066
Non- filter  1.31+0.13  12.56+1.25

Table 3. Result of artificial nodule(HU-630) on
Non-filter and 0.3 mm Cu filter.

Size  Speed Filter CNR SNR vile
00 03 mmCu 1212005  746+0.18 )
Small Non- filter  1.24+£0.05  7.50+0.18
g0 03 mmCu 140013  1052:082
Non- filler  1.39+0.12  17.48+0.97
200 0.3 mmCu  1.21+0.05 7.42+0.17 |
Avera Non- filler  1.28+0.05  7.45+0.18
ge 03 mmCu 1.20£0.12  14.37£1.19
00 on- filter  12500.12 14.1451.23 !
03 mmCu 1.36£0.11  11.52+0.97
Lerge 200 Nom filter 1392011 10.782085 o0
g0 03 mmCu  066£006 854022
Non- filter  0.65£0.06  8.20+0.19
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Table 4. Mean number of Detected nodules and
Detection sensitivity on Non-filter and 0.3 mm Cu
filter.
Sensitivity
Size Speed  Observer p*
0.3 mmCu Non-filter
OBl 88% (7 88% (7
OB2 88% (7 88% (7
200
OB3 75% ©6) 75% (6)
Average  83%  (6.6)  83%  (6.6)
Small
OB1 88% (7 88% (7)
0B2 88% () 88%  (7)
400
OB3 75% ©6) 88% (7
Average  83%  (6.6)  88% (7
OBl 88% (7 88% (7
OB2 88% (7 88% (7
200
OB3 75% ©6) 75% (6)
Avera Average  83%  (6.6)  83%  (6.6) 0.99
ge OB1 88% ©) 88% @)
OB2 88% ) 75% (6)
400
OB3 75% (©6) 75% (6)
Average  83%  (6.6)  79%  (6.3)
OBl 88% () 88%  (7)
OB2 88% (7 88% (7
200
OB3 75% ©6) 75% (6)
Average  83%  (6.6)  83%  (6.6)
Large
OBI 75% ©6) 75% (6)
OB2 88% (7 88% (7
400

OB3 75% 6) 75% (6)
Average 79% (6.3) 79% (6.3)
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