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ABSTRACT Objective: In order to overcome the disadvantages of long floating time and low success rate in the course of tube
placement, a magnetic bionic naso-intestinal nutrition tube of wheat awns based on magnetic navigation technique was designed.
Methods: This paper analyzed the mechanics principle of wheat awns moving rapidly and unidirectionally in the lumen. Combined with
the related technology of magnetic surgery, the design scheme of magnetic wheat awns bionic structure at the head end of nose and
intestine tube and the operation method assisted by magnetic navigation technique are put forward. The motion was simulated in vivo and
in vitro. Results: In vitro tube simulation experiments showed that the bionic structure of wheat awns could move rapidly under external
force. The intestinal tract experiments in rabbits suggest that the magnetic wheat awns bionic structure can move rapidly in the intestinal
tract under the guidance of the navigation magnet. Conclusion: The magnetic wheat awns bionic structure can realize the fast-single
movement in the digestive tract under the guidance of the navigation magnet. This design is expected to be further optimized for clinical
use.
Key words: Magnetic surgery; Magnetic navigation technique; Naso-enteral nutrition tube; Bionic
Chinese Library Classification (CLC): Q64; TH779; R459.3 Document code: A
Article ID:1673-6273(2019)13-2583-04

FWT, LI AR TR R A K D RE SE SR AT B A B2
Wi, BEA ERR K AL & W0 A, (RS EE A 45 T I 9 3 97 S8

RS

£ EH A K N s FE 4 (the American Society for Par-
enteral and Enteral Nutrition, ASPEN) 2016 i 7 N & 3715 F 42
O IEFEANRES D E W B AE R B 7E 24~48 h NIT IR G N
BRI SR IR RRAT R i B RN B

TR RIS . [E NS FEAE 4 0 I A B TR R G B
SEHERIL, A e MR I LR S AT 48 (9 % A=
A RO GRS RS PRI 2R A SR ALRGE IR TR] AA
£ ICU WK, 2 H AT ICU R NS SR e, s

*IEETE  ERK F ARl LRI H (81700545, 81470896 ) 5 H1 sk i AEASFHAITAL 55 31 e 1 9E 43 191 H (xjj2018jchz14) 5

Bepias [ AR BRI T R (20177Q8021)

YEZ N AWF2(1993-), 2, A58 2L , E-mail: 1064264062@qq.com
o GEIER : B3(1963-), 55 LA 0, 38082, 25T 510 SR HRSAE L AR R 2% R0, E-mail: luyil69@126.com
TEANIS(1984-), 53 T, BRSO, E5E O 1) ESMEE HFRSAE L FFAE S 2%, E-mail: yanxiaopeng99@163.com

(fcks H191:2018-12-30 %32 H11:2019-01-25 )



- 2584 .

DREMES#HE biomed.cnjournalscom Progress in Modern Biomedicine Vol19 NO.13 JUL.2019

XS EIE B I N E SRRSO T R B, UGS TR A TR
RAPNE RGP AT A ST, AR 5 B
REIRP BAE TR

SR LA T AR RS H A N R 5 SRR
BEARTEAEY, R EIRERERR, )T R B &8 )
FEAL, AN T 2R 280 58 k4 & B Eh
B IR PR S DL S 5 S A BT WR e A B A A RS T
B EIEL AR E S, FIRISAE AR Rl S A Yk
IR AT OE DUIIE B E ) . B i3 0 kAR i i AR
TIAE S BRI b H R AT AR, HLAF I Tl AT A7 KR 43
BRI ST A S . WEES 15 T ] KRR B
Dl 5 T (L o O e SR 5 8 ]
5, HAZ BT 2% FRR 1 o B M X R M T B, HREHY Bl
FHHW R E AL E A RRA R E R S E B s UL R
KUGH B AR BT, A e 5o 8 A I ) | i vd iy e
TEG IR FA HEE L

ik SRk (magnetic surgery, MS)F| FJ “ 4 " 937 71 1
L BT TIEZ IMIRHTEOR , HETC I8 T DARE et
7R (magnetic compression technique, MCT) | % 4 7€ +% A& (mag-
netic anchor technique, MAT) % S 4% /R (magnetic navigation
technique, MNT) | 52 7FH R (magnetic levitation technique,
MLT) | 7% 55 4% K (magnetic tracer technique, MTT) g 4%.0> £
G PRI ZR D, R AMRHHSCHR B T 3 W) & 10 I A 18
WG BB AN | By SR A A oS AR, o
T AR (MNT )2 1 R S 372 5 i Sl P 108 o 1o
SRR M) BV R PR A% B R AR TR 31 B AR B AR R, MNT
S R v St D Y s o Wl A AN L oA N NS B = O T S
o 30 JS A PR A A VA . FRAT TR S P IR S T R R A
AT AXS A S 10 S AR A AT 5 | 2 h iy T A7 Y
BAERL FRTRCMAR o S I AT THEATHGH , B2 11 T B TG A0t
HORWZ D E S5 S B T BT O 38 AT TR sk
IORRSY, BURIE T .

1 AR5 07

L1 ERBRBIHNZESH

AR LR R A R T B BRI TESN g 13l
AR 0 T 2B U S P ) i Sl o A AR A 2
FCAREAROMILE T IR, 1 LAZRE N B i D SR B A7 5 e i —
TE R BERIE 22 2, oSS R B — AR A 2 b A TR
INIDESRZ 2t I S an bk 7/Bib G 5 s R SR QUL £d i1 o)) d
UM IR SE T A v (9 L iz SR fE S TR A2
SRR R 2R AR I AR A SR, ATl 22
MRES ., At 52 71 OB AL | nlsE NN 1A 2
FRAA B SRS g o K A RECE T R A I — i, 2
BN R A (RO ZEAT RSN F7, nl LA R L ) s 3 &
SIRHE —um (18] 1) FET I, AT T ksl A g P 22
UL IR R LU S R A R 225 A, LUVITE
M P S BB ) DR, DL S BRI S5 8 P A AE [ T
IR A B R AT B B
1.2 #5igigit

| EFEEEN A EIENLL

Fig.1 One-way movement experiment of the wheat awns in tube
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Fig.2 Schematic diagram of bionic naso-intestinal nutrition tube of wheat

tobe body 9:

awns (magnetic wheat awns bionic structure not released)
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Fig.3 Schematic diagram of bionic naso-intestinal nutrition tube of wheat

awns (magnetic wheat awns bionic structure released)
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Fig.4 Magnetic navigation technique assisting bionic naso-enteral nutrition

tube of wheat awns indwelling operation schematic diagram

338

fETRER N IR N E S, dERR I R g, O
PR BERETIRE, I/ BRSO G RS
EL 0 58 55 0 L PRI X AR, T o 24 EE R AR i B AT
£ B IR A o i TR A R S R TR R T 2
o VRS I 3R S AR VA 1 T 9 A i S S o
SRR HEAE TR FRA 0 Skt A B2 I, % 8 I i 0 3
BEIE 10 R B RERS AR — AR 1 SR T EEAE AR B AR AP
I AR S RE R, PR MG BOL Sk AR W A2
Sy W FC R 7 T OREh g 8,

TSGR FR N TR M AR L T S A —
YCEAT 2 T4%HE 5 1 90%E4, i A5 2 AR IE B N A
PRI E A IR 86.6% 7 % 93.33%09, 5 B Fl
RO A L A WG (R T A R B AR
1Sk S 57 S5 14 50 2 ) T T B A R I A O )
I R R RN S A
A B AN HLBE AU X 00 sk e W 7 ik T

i

B S #itE M A SR T AR RHIE AERRE

Fig.5 Simulation experiment of magnetic wheat awns biomimetic structural unit in rabbit intestine
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