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Design and 3D Printing of Personalized Multi-layer Airway Stent
Li Rongrong, Pan Junan, Yang Fanwen, Su Haoyuan, Bian Songling, Zou Jie, Zheng Guiyun, Ding Ruirui, Tian Xiumei
(Department of Biomedical Engineering, School of Basic Medicine, Guangzhou Medical University, Guangzhou 511436, China)

Abstract : In view of the high incidence of restenosis, tissue infection and easy displacement of existing airway stents in clini-
cal application, a personalized customization scheme of airway stent based on 3D printing technology was proposed. With the help
of computer 3D modeling, the shape and size of the individualized airway stent model accurately matched with the local anatomical
structure of the patient’ s airway, with three-layer structure and nail like protrusions on the surface. Using medical grade thermoplas-
tic polyurethane as material, airway stent was prepared by 3D printer. The effects of printing temperature, printing speed and moving
speed on printing effect were studied. Under the conditions of printing temperature 220°C,, printing speed 5 mm /s, moving speed
120 mm /s and fallback speed 10 mm /s, the airway stent samples with good appearance, complete structure and smooth internal
and external surfaces were prepared. When the radial compression ratio is 20%, the radial support force, compressive strength and
compressive elastic modulus reach 156.16 N,1.20 MPa and 8.71 MPa respectively. It provides a new preparation technology for
the development of new airway stent, and has a good market application prospect.

Keywords : airway stenosis ; airway stent ; 3D printing personalization ; three-layer structure ; compression performance
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1.1 E2&RMH

TPU : TB—40D, FE[E Lubrizol A F] .
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3D ATERHL: TT1 AY, ) PHH R A PR A 7 5

HL 4 7RIS HL: UTM2203 %, %31 = B
BHERA A PR

3D FTERLE M 528G HL . SESIZ20 / 28 1Y, | | 3%
[ S50 AT A AR A PR A R S
1.3 3D ATHP &M a4 &

K 3D FTENZR A SL 50 ALl 2% 3D FTERFRE 1Y
A BRI HAR N (175 £0.05) mm. T2
R IR 190°C, EHLEFLHCN 30 1/ min, 225 |
"k 7 r/min,

1.4 &8 L RGH &

K G v RR 3D T Bl 2 OB S8 ZERI IR
BEETRIE N 200 ~ 240°C FTEPHLE K 20 mm /s F5
B A 50 mm /s FlAE B A 20 mm /s 5544
FHEATFTE AR T ENRCR AL L3R T 2240, LUK
FHFTENRICR 35 o0 BEARAY I8 S48

F T S AR R 2 S s 5 R AN (e
S ATENIISE oy =200 7. BT, Jedw /<l Sl
M EANZFETIR S FTER )2 2 25 254, 1
TRATER S %4 SR )E , RAPLAL G AT EN S EETENR
T S BRA AN 2 FETIR R, e Je i TR S 4R A
FTER
1.5 e

W FTEN A i R SRS 24 h 5 R E T
FrJRIEHL, % GB /T 1041-2008 M3zt HA% 1] 32
PE T3 R4 B R AR PR AR . AR 1) R4 R

10 mm /min, 42 [7] F 45 28 53 7 28 10%,20%,30%,
40% H1 50%.,
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2.1 AdE X R EHEGT
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[ Fsf i G R , P ) P e A5 AN B L 4L A
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SR i, 25 [ RR N 25 5 1 i3 S22 A2 1) 32
AR IG ) RIE S 4R m =2 A TR
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o, LA ROE ST IR SRS F RN ST S22 3D
FTENHL A BER LA B NAR RS KNGS TR R 1%
JELBEE T 3D ATEVIE AR S G -

() RIEZNZE . HEAEEEE 9~ 15 mm,
JERE R 1 mm, EARBE T EAR R AR 4 28 5 52 B
WAL . WAL N AR5 5108 6.5,
7.5 mm, KJE N 45 mm, WE 1 PR,

O

(a) (b) (©) (d)
a—1FRLIE; b— MR ; c—FEMIE; d—B A
Bl 1 AN A
(2) RIS )2 . IR N A AR 455
A 7.5,8.5 mm, KN 45 mm, WK 2 Fis.
(3) B LA . BRI N AR 43 5]
4 8.5,9.5 mm, KJE K 45 mm, WK 3 Fi~.
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SEERFTENRCR R SZ R, A I T2 3l % <l S 48
AIANZFETRIN A FATITED , S TENRCR , i) i
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35 FT ED G BE O 20 mm /s, B8 B N
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(d) (O] ®
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Bl 6 ANFEFTENRE T 0B S A BE R 2 ARG 4T ERRICR
1 &l 6a~ &l 6¢ Al LA £, fEAS R FT BRI BE T
FTER Y4 S IE S A E IE N F™ EE B 26, N RE IRl T
Bamhisz, HIPz2n R K& T 3D fTERHLTE
PATATER A2 2 A BT B i 23X — AR i A
TPU Zh 4K, Wik Ah () TPU WA 52 4l [l ik
TER BN 2s R 22 G o FTENIREE S 200°C I,
TERFERE RO, [B1IR P RN, b 22 7™ 8 5 FTER IR
BETF i 3] 220 °C B, IR REBERE A, MRS 5,
2GR s D THERE B 240°C, F 22 AR AL
220°CH} ™5,
i & 6d~ &l 6f I LLF 3,200 C AT ER i1y h )2
DO AR 235 4 3 B, LU BRI, 5 4 52 AN T T .
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220 °C 1 240 °CFT B () v 2 AR 4548 57 2%, T b mT
W, TR BB, BRI . B RSO
JEU R 2 1 T TPU 7E 200 °C I B3 s 55 /0N, ZEF T B
% Sk 5% H AN 0 i 365 1l <3 S 8 3R 1T AS 58 3% R
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7 NIRRT A SR P BE A P AR S5 R 44 T EZICR
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T SCBRNEE BRI T AR 2 h 22 5 S s
%) 120 mm /s I, 57 22 G200 5 248 Bl ok i 1k
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10 mm /s B, U LR BE FAFAE/ D22, B
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FENZ I, W 25 LA BRI ) 78 A2, S AR RE AR P 1Y)
BORWER 2R S LR IR, b 2200

i1 8d ~ 18] 8 FI LAFE 3], 3T BT BE X1l S48
hZ PRSI R AR N
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1 R T 200 AT ER IR 220°C B8 s 2 oy
120 mm /s FJEIEBE S 5 mm /s Fl 0] 3E 2
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EIASCR ATEIRCR AN 9 Frzn . MR 9 Al 1, 7EIZAT
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VLTI R T B SO Z2 R TENRCR R4

(5) E SRR TEIROR o

28 FIRFTEN T 200 %, i E S AT EN S 80N
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L R N S A ORI B RS, 13 b N L el [
AR R 10% B, S8 AR AR 1 SCHE 1 85.68 N5
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S 90 129
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~ 85+F 11s =
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® 80 ¢ 114 g
= st 112 &
£ 70t 110 X
= 108 @
= 65 : ~
ST L 106

]6 50 ;0 40 50
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P12 ORISR A S 41 PR A R P 0
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AR 1] AR R 20% B, 42 [ e 4 s A e 18 31 i
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& 1) He i % R 10% B, T8 SR AR 1) F 40 58 B R
0.66 MPa'; 512 0] FR4A5H 20% B, 12 ) He i 5
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[i1] e 453 56 A8 1) e 7 P 8 o, S s 8 /N

X DR 5 FH A Bk A 4 A S AR (AR, B
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R 20% S FRAR ) SCA% 7 HE 248 500 B R 4 s A
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3 it
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(2) FTEPIREE T B B FAS 3 18 X <1 2
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