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Tongue motion trajectory simulation based on the X-ray video of swallowing angiography

WU Yue', QIAN Shanhua', DENG Dajian?, WANG Zhiyong®
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Abstract: To improve the quality of swallowing for the patients with dysphagia, it is necessary to analyze the tongue motions
during swallowing. Based on the X-ray video of swallowing angiography, the characteristic images are extracted for
analyzing the tongue motions during swallowing. Herein 3 different methods are used to investigate the tongue motion
trajectory equation. The results indicated that the tongue motions are composed of tongue root point and several motor points.
The motion of tongue root point is approximate to an ellipse, while those of tongue motor points are similar to reciprocating
straight lines. The correlation coefficients between original trajectory and the simulated trajectories obtained by the fitting
equations of 3 methods, namely multiple nonlinear curve-fitting method, Lsqnonlin optimization of 5 level polynomial
function and back-propagation neural network method, were 0.85, 0.87 and 0.91, respectively. The neural network model is
found to be more suitable for the simulation of tongue motion trajectory. These results will provide valuable technical
reference for the development of functional food and swallowing device in vitro.

Keywords: food swallowing; tongue root point; trajectory equation; neural network

—e

1]

T

W OLIRAE , SR R 0k o8 R W) 1 B AR A Bl A 5
TE Il B8 K AR g 0% | 3 AR KUBS o B R
(1% 7 W PR o o L PR R A I & oo £ ) ) b
o P LT DA AR X 22 4 BB ) O i DA T R A
FREWEEMITFRZ—. BT REERD)
REE Y, BEAR O 3R IE T B i sh AL e il 2
Wy Ae 10 R85 5z g 0 B W i g B4 5 e R
P E S HAE T R IR G AS ) O

7 MR PR HE 2Bl 2 AN | XU R e SR Y

[ 75 H #712020-03-26

[BE&TEE K A RPHF 54 (51775244 ) s TL T8 B ARFL ¥ 34
(BK20161134) ; i £ J5 Bl 24 5 42 (2018T110439) 5 1.
AW AE RIS S EAHT TR (SICX19_0785)

(Ve Iy ) 2 P9k ST 1) < (AR 254415 T, E-mail: wuyuel30622
@126.com
UBEMEE Va8 W1 O, mIl 20, oh 5 o7 ) - O AE MU E-

mail: qianjnwx@126.comcn

P, JUH I 11 A WA ) I 1 5 sl e M L3R
YA W s ) O 8l 4 A O A BELAS £ 4 b T X
1P A W R 52 Wi ) 0T 5 LA B AR S A A T 2
AIIT & R, TR A58 3 78 A WA 4 I Y as



9 , . X

- 1131 -

Bh B ISR FH A 3 1 B0 A R LN A I B
VE | 34 X6 2 T i 4 2B 3 1 D) RE B O B F 4G
HEMNBEARSH .

H AT, [ PS03 5T X6 75 MR 5 L A 0 R 2
BT T e ST & 55 ) BB J— 2R 81 A s i
5% . U Redfearn %5 JF & —E B Y& B &
RV 3 2o A S A Ak 1) 28 T R A1 2 ) A N T B, DA
SN AT SN AT A 05 L, AH K AR 4 M AR T Sk
B g A, 5L AR 22 38 R 45 Fh L A AR
KA I/ R BRAE AL SRS R ) Z [
S FR1T H T [ O T B R R K Ry 28 LI /L R
PRAEHL 2 gAh 48 LN w A Ay 7 W PRI £ o T &
T TR A BRI, R TAE IR A BT
SR EYE OIS T WA R, LR iE
SIS

PRI, AR5 ARSI W 1) XS 2R A0 o i
ilt, 2R FH P19 43 B 2 A ) o W R 00 A AR B4, 0 #r A
YA W ) 2 s, ARG A B Can
1stOpt # A P A XU 57 \MATLAB fie /N — 3l
P DA K Al 28 ) 25 A5 80 ) 3o 5 38 S gk AT 2 Mr , 4B R 7
e W I A 3z sh B, S 7 iR R £ ) g
1A T e D B AR S M) 5 A 25 5 15 - A o 2 (1Y

1 FIEFNHFHE R AIHREN

AR N B RE R 2 5 — B I Bt £ (R A T 7 N
PRI XOEAYE B2 U AU A -S54 R A 2
S — s BR BB S AT TR, WA 1 R o HAR I
RN EYHEA D EIFE S SRR EE D, %M
Wt XA BEAD 25 W, A MR SE I [E] 244 1.8 s, JUJ A
A i 45 9K 18R 4R, IR HT Photoshop i/
WP O AL 1 o R R R AR
T I EL 8] o FsF 1) 20 B 552 Y 14 5K R AR D I i %
e, R R 2 R F S MATLAB 0 $EUS Sk 45 45
A bR R T s B AL

Es i O e

E1 OiERIFEREHE

Fig.1 Structure of oral cavity and cervical vertebra
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Fig.2 The points on the tongue and the absolute and relative

coordinate systems

SR, o 1 2 AR A W i JC R A O
SLEB I 5 & 3a T M 4,=0 s ZI T, T 95 A% 2
5 Z X AR bR e /o0 30, I 3b BT M 1, =1.8 s
T, PSS R X AR A e £ 300, A I
X T P U T 45 S s s A EA T R B IR, A
7] FsF 220 %) VAR oy B AN 2% 1 s

P SRS T X =Y M S % A b &, HoAk b
J s Ry AR A bR o B IE, DA AN [R) s 1 A
XFIB Bl A AR, 282k IR K S5 A A LA A AF X AR A
FIAXTIZ SR . FELa Xt 2% A bR R L, & AR AT
ABBR TG PR A 45 sSAS TR 220 1) 246 %o} 32 Bl Ak A
R VR RE S5 B AR AT A2 Bl A b 5 T AR SR 2 X i Bl AR A
ZH.

2 ERIEHMEHR

2.1 AEEWNZTHIZEHMNE
BT IR I T s sh AR, REAESRAT AR 2~




~ 1132 - ] P B §37%
e aate = = o g @ =2
a:t, A%l b:t,, Sl
B3 FREIEEN LS % R i
Fig.3 Tongue trajectory at different swallowing time and adjusted angles
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Fig.4 Tongue trajectory at different swallowing time
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Fig.6 Trajectories of tongue motor points and fitting lines
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Fig.7 Tongue original trajectory and fitted trajectory at different swallowing time
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Fig.8 Tongue motion trajectory obtained by 5 level polynomial function
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Fig.10 Errors and correlation coefficients of neural network
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Fig.11 Comparison of the original trajectory and the trajectory equation obtained by neural network model at different swallowing time
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