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Dynamic modeling and deformation prediction method of
lung tissuebased on massless spring mechanism

Zhang Laixi' ,Zhu Shengjie' ,Zhu Yanmei' ,Ma Kaiwei®, Xu Fengyu’

(1. School of Mechanical and Electrical Engineering, Lanzhou University of Technology, Lanzhou 730050, China;
2. College of Automation, Nanjing University of Posts and Telecommunications, Nanjing 210046, China)

Abstract: In radiation therapy, the respiration may cause lung deformation. The subsequent deformation and spatial movement of
tumors on the lung adversely affect the accuracy and safety of radiation therapy. By combining computed tomography (CT) image 3D
modeling technology and respiratory mechanics principle, a new method of lung dynamic deformation modeling and deformation
prediction based on a massless spring mechanism is proposed in this article. First, a lung model is formulated, which is based on
medical image information before radiotherapy. Then, the deformation of the lung and the movement of the tumor on it are predicted
based on respiration. The experimental results show that the lung deformation obtained by this method is consistent with the
deformation observed under continuous medical imaging. The error between the predicted value and the observed value is within a
reasonable range. This study can accurately and efficiently predict lung deformation and mechanical properties under the influence of
respiratory movement under conventional medical conditions. It provides theoretical and method support for subsequent research on
tumor displacement compensation.
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Fig. 1 Diagram of pulmonary dynamics model for

spontaneous respiration
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Fig.2 Model of lung with massless spring mechanism
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Fig. 3 Structure diagram of massless spring action unit
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Fig.4 Lung gas volume curve during calm breathing

AT X (10) Ml T ik,

1) BN SR AT I 20 53 A5 150 BV AE R 221
T RE A A A2 B A AR R, B TZ AR [R)—
2R 51 v A SR B B AR TR AR [ R B A
I, E N,

2) SR e A BEABE IR B AT s . T
ST I S AR 24 o AR Y 10% , PR I i A A A
AEFEARIZN  FESEATASTE B, 7 1 #f B A i AR
Rl 2 A EIE

PRI 0 T4 A S B 0T, NI &, 5O A2 &
x; PSR RRTEEE I AR R o e (8 A, IA IR

kx; = E/cosf, = A (11)

BT &, 1, 20T LA A3 B 2 T
[F] AR B, B AT SR B9 55 ¥ 37) v 2% 6 i B e A T 2
Bkt C R« AT LLIE S 7 2 A BR RS S AR X L

Zh A W (9) B 5E , Y 0P ) o s
5 B 2 W I AR AR A i A 5B ) = o P A 114
SRHRINE, BRTSR A SC T R (R AH ) 1942 A th
2, 23N A 28] R R T A Y G

1) HET CT AR f = 4k A

g S5 BRI A 1) 3 25 SR | 5 P I A I 7 e
W BRRZE N B CT SEARME A AL A, < U
FR ( exhalation limit, EL) & Z F1 % S A% BR ( inspiratory
limit, TL)BRZS, QNIET 5 B o WSO BRSO 1 IR 1
(P2 535 v W38 35057 ) B, AR B KRR B I 1 A
7 il A A S D) B AR A I T A R IR S 5 W A
NS AR TGNINS 9N ) SN RN R
HPIRES

aE B AR AR KB AR R LT R
Rt e 7 R N 1= A (R s S O W S R C S A S DS R
DEE IR L, 7 = A R T, T BT CT 52
PRBEDEAT IR 25 16 B )2 () 4 (1 55 UL B4 . BT J2 1)
JARAE IR PG I SO 15 55 ) B ff P80 ok

F5 IPAUR BR S I O FRX e
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Fig. 10 MATLAB app for lung point cloud calculation

I e R I L RS 2 v s A i R R Y 400 4
SR i P R EA TS L v it AR 50N
E- N A
(2 +2 +1)°
Kz, 2, 2, 02, 2,02, 709000 2 B9 B M S B80R1— B fi
A, v i RS s A W AL Y TR AE B

Ky = (21)



216 %A X

E 45k

P M, L L, R R bR OB IE S Y R
HhC 25 RO FR P A R S A SR 1, s BL RS
5L IR B = AR 4 T [ 45 8 T 2 0] A A 2R
S TR T 2 30 i TERE SR e B DT I SE G, 5 EL
RS WBIRISZ BN N, o

x2 EFMATLABHISEREER
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Fig. 12 Respiratory phase-tidal volume corresponding

curve in large sample cases
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Table 3 Data of tidal volume and lung volume at different

phases in a single respiratory cycle

o

LS ﬁgﬁ;ﬁ;& WIAHR/L IR/
0 0.993 0 0.296 7 2.5331
1 0.776 3 0.2320 2.468 3
2 0.507 3 0.151 6 2.388 0
3 0.276 1 0.082 5 2.3189
4 0.104 9 0.031 4 2.267 7
5 0.049 5 0.014 8 2.2512
6 0.086 5 0.025 8 2.262 2
7 0.3121 0.093 3 2.329 6
8 0.5850 0.174 9 2.4112
9 0.829 6 0.247 9 2.484 2
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Table 4 Airway pressure data at each respiratory phase

BHA EERR/ (emH,0)  SFURER/ (emH,0) %30 R/ Pa

0 22.341 8 1.181 8 115.895 0
1 22.096 3 0.936 3 91.819 7
2 21.768 8 0. 608 8 59.702 9
3 21.490 9 0.3309 32.450 2
4 21.2870 0.127 0 12.454 4
5 21.2213 0.061 3 6.0115
6 21.265 1 0.105 1 10. 306 8
7 21.5340 0.374 0 36.676 9
8 21.862 8 0.702 8 68.921 1
9 22.161 8 1.001 8 98.243 0
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Fig. 13 Variation curve of internal surface area of double

lung model at different respiratory phases
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Fig. 14 Distribution graph of MAD , MAE and RMSE
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Fig. 15 Distribution graph of R’
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Fig. 16 Division of double lung model region
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Table 5 Prediction errors in different regions of

the lung model
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