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Automatic Volumetric Measurement of Lung Nodules in CT Images
Based on Image Segmentation Technology
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In the diagnosis and follow-up of lung cancer by means of computed tomography (CT) images, it is important to assess lung nodule size and its
long-term changes. The nodule size is conventionally measured manually by determining its maximum and minimum diameters on two-dimensional CT
image slices. However, problems regarding the accuracy and reproducibility of such manual measurements as well as the high burden on the doctor
are critical issues. Furthermore, of the two main compositions of lung nodules, namely, the solid and ground glass opacity (GGO) types, it is particularly
difficult to measure the size of the GGO type due to its low image contrast and indistinct boundary.

To address these issues, Toshiba and Toshiba Medical Systems Corporation, in cooperation with Kobe University, have developed a novel technology
to achieve automatic volumetric measurement of lung nodules, not only of the solid type but also the GGO type, by applying an image segmentation
technology. Experiments on this technology using synthetic nodules have quantitatively verified that it achieves lower volumetric measurement
errors for both solid and GGO nodules compared with other studies under similar conditions.
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Two main compositions of lung nodules
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Flow of volumetric measurement of lung nodules
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Preprocessing by lung segmentation
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Outline of foreground extraction
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Outline of feature calculation

C A % BT A AL BN 2 5705, 5D CT e ALY
FADEHITHER FFIZSolid) & ME RO 53 i & %572
B, CTHAZT TORERIEEL V. 22T, AEEIISRIR, M
FERE D 3RITH i O & RS OB I A2 AT
Yo BRI, IS ZRZ LI LTRGIZRT
) BEHROERREZ R EL, FHIOHROES (K7t
VD) 2 A S, KIC, RIDTERShAEMER, &F2t
JNZDWTRD, FigE~y T2l %,

MRS =HIRORKE / Bk O R/ (1)

COLE WREBIIOWTL, MESZ0LT 5,

3.3 #fhENHH

HIML-RBE~ Yy 7128 T, M OBz s s L
TIPS HURILR LB 2T )0 BARICIERTIZRT L9
(2, HUODALE A SRR AIRICEE L7zl BT, il g5 K2
TVORBEZ BRI TV FR oK (A B s o5
CHUODARE TN S 2L 20, A HIE TR S 2 filie 7
o L72Ho TR L MAE OFERMLO, BRMEAKE L
L9 B A8 CHBILR ZF1R L, T O EZ B O 5 R

B EE D M2 AU CT ER TORMFEEN DB EAFaET A

Wl EREE
x fEEIRDAIE
fRIETE

‘\‘ﬁéﬁ

HHE<y7

7. FEEHIHOBIE — i O AL L E L LT, EPHIC LR
WILAAT o
Outline of nodule segmentation by region-expansion processing
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Mean absolute percentage errors obtained for solid nodules

HEXHERZERDTIIE (%)
a o= PSR HEHLUSIA
BEAEFRETE (MAS) BEREFRETE (MAS)
25 50 100 25 50 100

14.97 9.68 949 | 1441 14.41 15.25
8 3.72 796 9.36 | 13.96 | 13.9 124
10 4.93 3.42 4.01 7.94 8.1 8.61
12 1.28 1.95 251 | 25,63 | 2471 | 24.89

HEEER (mm)

K3. GGOEMICHTIREXRDFIEERERE
Mean percentage errors with standard deviations obtained for GGO nodules

REROFEERERE (%)

=" B o HEGIOLYSIA | HEHOLUSIA
PASEI EHESE HHB 2

5| -041+5.83 | 99.01+48.14 | 75.93+30.74
e CTE | mpEz| 8 | 12211741 | 3815+574 | 3119879
-630HU |  (mm)| 40 | -355+8.26 |22.82+9.59 |28.34+2287
12| -722+081 |1308+529 | 1157479
5 | -16.48+21.38 | 76.79+41.32 -

FEECTE | #5EER 8 2.18+4.01 41.86+25.12 -
-800HU (mm)| 10 | 4.42+6.43 | 19.10+15.63 -
12 | 223%272 | 4.58+7.09 -

*EERAFRETE 50 mAs T

(d)-800 HU, 10 mm, 10 mAs

(c)-630 HU, 5 mm, 25 mAs
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Examples of results of nodule segmentation
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