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Tracking lung tumor and chest motion in breathing process
by digital volume correlation method

ZHAN Shi', ZHANG Dong-sheng’ (1. Shanghai Institute of Applied Mathematics and Mechanics,
Shanghai 200072, China; 2. Department of Mechanics, Shanghai University, Shanghai 200444, China;
3. Shanghai Key Laboratory of Mechanics in Energy Engineering, Shanghai 200072, China)

Abstract; Objective To study the feasibility of using digital volume correlation (DVC) method to track displace-
ment and deformation of lung tumor and chest during the period of respiration. Methods A DVC algorithm suit-
able for tracking 3D movement of tissues in chest was proposed. The 4D CT imaging technique was adopted to
acquire images of a patient with lung cancer during one complete respiration stage. The inhalation was set as the
initial stage for reference, to determine the locations of lung cancer and chest. Four specified regions of both the
tumor and chest at the initiation of inhalation stage were selected. The corresponding 3D displacement of lung in
the following 5 inhalation phase stages, i. e. 20%, 40% 60% , 80% and 100% as well as 3D displacement of
chest in 100% inhalation phase stage were analyzed by DVC software. Results The displacement and deforma-
tion error of tumor was within 1 mm, while that of chest was within 0.5 mm. The maximum displacement of tumor
presented itself along the vertical direction of human body during respiration, while that of chest at the end of in-
halation stage appeared along the front and back direction of human body. Conclusions DVC methods can be
potentially used to detect displacement and deformation of body tissues such as lung tumor and chest during the
respiratory cycle. This study provides references for noninvasive, non X-ray, real-time image-guided radiation
therapy for lung cancer based on DVC method.
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Fig.1 Schematic diagram on basic principle of DVC method
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(a) Reference volume image, (b) Deformed volume image
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Fig.2 Schematic diagram of sub volume
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Fig.3 Cross-sectional image of the tumor during process of

inhalation
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Fig.4 Schematic diagram of center location in specified regions

Tab.1 Comparison of displacements for DVC calculation and CT observation

DVC i+ {E/mm CT EMEIER(E/ mm 125/ mm

X Y 7 X Y Z X Y Z

A -0.430 0.430 -0.08 -0.977 0.977 0.00 0.547 -0.547 -0.08

B -0.499 -0.477 -0.02 -0.977 -0.977 0.00 0.478 0.500 -0.02

20% ¢ -0.098 0.098 0.36 0.000 0.000 0.00 -0.098 0.098 0.36
D 0.879 0.098 0.48 0.977 0.000 0.00 -0.098 0.098 0.48

A -0.986 0.986 0.28 -0.977 0.977 0.00 -0.009 0.009 0.28

B -0.332 0.332 -0.30 0.000 0.000 0.00 -0.332 0.332 -0.30

o ¢ -0.216 0.216 0.36 0.000 0.000 0.00 -0.216 0.216 0.36
D 0.859 0.117 0.92 0.977 0. 000 0.00 -0.118 0.117 0.92

A -0.977 0.977 0.00 -0.977 0.977 0.00 0.000 0.000 0.00

B -0.488 0.488 -0.34 -0.977 0.000 0.00 0. 489 0.488 -0.34

00% c  -0.293 0.293 0.44 0.000 0. 000 0.00 -0.293 0.293 0.44
D 0.977 0.000 2.00 0.977 0.000 2.00 0.000 0.000 0.00

A -0.977 0.977 0.00 -0.977 0.977 0.00 0.000 0.000 0.00

B -0.781 0.781 -0.34 -0.977 0.977 0.00 0.196 -0.196 -0.34

0% c  -1.074 0.098 0.68 -0.977 0.000 0.00 -0.097 0.098 0.68
D 0.977 0.000 2.00 0.977 0.000 2.00 0.000 0.000 0.00

A -0.527 1.504 -0.46 0.000 1.954 0.00 -0.527 -0.450 -0.46

B -0.684 0.684 -0.44 -0.977 0.977 0.00 0.293 -0.293 -0.44
100% c  -0.293 1.270 0.58 0.000 0.977 0.00 -0.293 0.293 0.58
D 0.684 0.293 2.02 0.977 0.000 2.00 -0.293 0.293 0.02

E 2.920 4.893 2.260 2.931 4.885 2.00 -0.011 0.008 0.26
100% g F  —1.466 6.349 4.04 -1.954 6.839 4.00 0. 488 -0.490 0.04
R ¢ -2.444 7.327 4.02 -2.931 6.839 4.00 0.487 0.488 0.02
H -4.395 -11.230 8.44 -4.885 -11.724 8.00 0. 490 0.494 0.44
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Tab.2 Displacement of numerical simulation in 100 % inhalation

phase stages and DVC calculation value

FRAIE R = AERUE UL RS FHERI Y DVC 3307 R

2 X/ mm 26 %1,/ mm
X Y A X Y A
1.198 0.199 0.235 0.527 1.504 0.46

0.895 0.534 0.198 0.684 0.684 0.44
0.301 0.351 0.192 0.293 1.270 0.58
0.710 0.119 1.863 0.684 0.293 2.02
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