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Numerical simulation of neural probe inserting into brain tissues
based on ANSYS/LS-DYNA

MA Ya-kun, ZHANG Wen-guang, YANG Peng( State Key Laboratory of Mechanical System and
Vibration, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract; Objective To establish a neural probe-brain tissue numerical model and investigate tissue injuries in-
duced by probe during its insertion into brain tissues. Methods The material of brain tissue was described by a
hyper-viscoelastic constitutive equation. Tissue failure and separation were simulated by the element deletion
method based on a maximum principle strain failure criteria, and tissue injuries were quantified by the mean effec-
tive strain. Then effects of probe wedge angle, inserting speed and probe stiffness on the acute injury were inves-
tigated. Results Tissue strain generated by probe with wedge angle of 150° was increased by 37.1% compared
with the strain induced with wedge angle of 90°. Along the insertion path, probe with a slow speed of 100 um/s
induced much higher strain value ( >57% ) compared to that with relatively faster speed of 500 um/s, which gen-
erated the strain value below 25%. The probe stiffness, however, had a negligible effect on tissue injury. The
strain within the tissue was only increased by 1%-2% while the stiffness decreased from 165 GPa to 5 kPa.
Conclusions The established numerical model can provide references for the design of neural probe and probe
inserting parameters, which will be helpful to reduce tissue injuries induced by probe insertion and thus improve
the working life of neural probe to meet the long-term clinical application.
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Fig. 1  Numerical model of neural probe and brain tissues
(a) Symmetrical model of neural probe-brain tissues,

(b) Design parameters of the model
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Fig.2 Distributions of effective strain within brain tissues

Dhy R RPN g A HR OGS A8 P Al ) T R
AR A AL DX I A LG AA (3 68 X3, M) oy 8 A
L) RGOSR . S IE A 90°
120° 150°F, LU SER00 AL 3550 0.322 5
0.396 2.0.442 0, 4B2H M M\ 90° 3 K If, 4 £
Y0 7% B Z 3 0K, e 150° B2 £ it 7 A A8 (B A
90°3E T 37. 1% , 55 i 1 BOEAE AL M 3 2 21
PR RE SIS P 2 AN AT o PG, AR 4G
AT RLHED , 58O F B B A 0 RS A AR,
TERIE R AR 5 L RTHR T, s/ MEIE A
2.2 EANFEEXHRBRGZN

I AR A G R X L BV I B AR A
HURABIE A1 150° A8, K 0 ELINF RIS E D 3 s, BITRS
o7 FLAR P AR A B R 100 /s, T4 B[R]
SEIAEAT TSR T 1] B 45 2, ICfl P o 4 0 Y
SRR B DU i AR o [ 3 7 S PR i
FEREA T AN ER LG A = . T H
AL AN R A W5, FERIE
A A B, R RE A B AR B AL 4R R
( >57% ) , Wi i AR A B AR AR A B A | 20 20
ARBRR AR /N <25% ), I 25 Fi bR 1 2 AP
FEEFRE AR 0 — 7 , e A A IR B (A28 3847 ) A
[, 4 e s SRS BB St Rl , T2 47 A
MASTE R/ IR, IATHBEAE SR T LA, s i A
AT D B AL

Fringe Levels Fr(ng;LgSe;ls
- 6.247-
§ 322331] s62-001]
5.122-001 4.997-001.
4.482-001_ 4373-001
3.841-001 3.748-001
3.201-001 3.123-001
2.261-001 2.499-001

: 1:921-001 4 1:874-001
kN 1281001 S 5409-001
6.405-002 2
2485-005 1:509-005

(a) v=100 pm/s (b) v=500 pm/s
B3 #EANEEXMALNTIHEMm

Fig.3 Effects of insertion speed on tissue strain

2.3 ERNEMARRGEZME

AR, FE T R MR A H A H 2552
FIWFFEE T . FE AR A ATE T S AR AE AN
A5, AT R B NIPE A FE AR S G ) g 2 DL ek
{575 22 i 2 2 pl T P s Co kAR P 7 2 AR FEL AR 1)
Tl FAR R B 2H 21 32 B R/ 0 50N R 2H R
Bl 2 7 A R AR B AT B /D SR T FL AR NI XA A
PR WL oA . RIL, AR SR F S i B
BT S FE R 5 1 2 4 [R] DS T W B2 T A AR A F0 4
HATHEE, P 3G B H AR W EE L 65 3. 5.0. 05 Fil
0.005 GPa,:H10.005 GPa T T4 At k. 24
MW BE R 165 .3.5.0.05 Fi10. 005 GPa K, 20413
At I AR 5 L4 1)k 0,322 5.,0.322 6.0.325 9,
0.335 2 AHEL T HUARASLIE £ , W AR D) 350 A A 4524
M 2 . YA RIEE A 165 GPa NFEZ S kPa
(BIAEZZ 10° 5 9%) IF, A4 28 AN 3 1% ~2%
HH ] 4 LN ERAE RN A2 T S 4 R T 3R W), 41
ZUE A . P, AR T icaslidin 7 , 1 5 Ha il
EJEL 4 [a) g W) BE DT C XoF e AP AR A 45 493 9 TG B A
YER

Fringe Levels
6316-001
5 mw-mn]
5.057-001 ]
4.427-001_
3.797-001
3.167-001 ]
2.638-001_
o - 1.908-001_
1278-001
6 433-002]
1.848-003

Fringe Levels
6.303-001

5. (»72—001]
5.042-001.
4.412-001-,
3.782-001

3.151-001.
2.521-0014

1.891-001
L 1261001

6. m—l—\mzzl
1.523-0051

(a) K=5 kPa
B4 mERNEALNEHZIT

Fig.4 Effects of probe stiffness on tissue strain
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