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Research on brain tissue mechanical style in brain model de-
celeration Impact

LIU Sheng-xiong®°, YIN Zhi-yong®*®, ZHAO Hui*®, YANG Guang-yu®°.(a.Chongging Key La-
boratory of Vehicle/Boilogy Crash Worthiness Safety, Department 4;b. Institute of Surgery Research;c. Daping
Hospital, State Key Laboratory of Trauma, Burns and Combined Injury, Third Military Medical University,
Chongqing 400042, China)

Abstract: Objective to research the mechanical style (compressive or tensile force) of the key site of brain
tissue in brain deceleration impact. Method a transparent physical brain model with air bubbles was built
and loaded on an upright brain deceler ation impacting experimental platform. Then, the mowveable platform
was made a free fall from a height of 400mm and impacted on the fixed platform, and the whole deceleration
impacting process was recorded by a high-speed video camera. Using the serial pictures analyzing software,
the length change of the long axis (vertical to the impacting direction) and the short axis (in the impacting di-
rection) of the air bubbles were analyzed and calculated. Result the length change of the long axis of air bub-
ble with in site coup was smaller than the absolute value of that of the short axis; while with the air bubble in
the contrecoup site, the length change of the long axis was bigger than the absolute value of the short axis.
Conclusions the results showed that the air bubble in the coup site mainly suffered from the tensile force
vertical to the impacting direction and the air bubble in the contrecoup site mainly suffered from the compres-
sive force in the impacting direction. Since the property of tensile resistance of the brain tissue is inferior to the
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property of compressive resistance of the brain tissue, the injury is often easier to occur in the contrecoup site
than in coup site. The results were of significance to the research of biomechanical mechanism, diagnosis

and prevention of the brain deceleration impacting injury.

Key words : Deceleration impact; Contrecoup injury; Brain tissue; Mechanical style
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Fig1 The tfransparent head model and the experimental model

of head decelerating injury
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(FEE T MO AW/ -0.09 725, HgiR
BLRANAN R ARG A N IE , Z B MR ; TS Al <
RN, Z BRI T 5 BRI {1
ER T AR IR A 4 XA, BIFT 3 M3 K
THA. A W, s R, 0 R A R
P 2 B BRI 1R T3, Bt 1 AR R 7 1) O
T BT

iy A S R A R R AR R (R Ty T Y
HE 7 1) O AW nE] 0.20 24, 48 i kK AL
R (T 1) A 0 ABHE/NE] -0.52 £/, K
R AL RN IE, 2 B R AT A R AR LR
i, B T 5 B AR 2 A /N T4 il
RAARK A XA, B BT Z BHL S /NT R 1. H
AR e A AR A el AL B ST 2 B BT
PRI S, % F1 e R D7 1) DA 77 1o

HR P AL S A R R R A R (R T T 1 1
FEEITI) MO AW E 0. 25 747, SRl A
R (S J7 10 ) A O Al N El -0.22 726 K
AR AR LR N IE, R B MR 7 5 SRR IR R
N, Z BRI T s BRI AR 5 il <
AR A R 2 X LU B, PR B BT 2 0 5 )5
PARR Y AN i< = P: = A BN o rp ot A o U
SO OV A RS ) s A NN = IR L (S
JERME, B ERZ 5
2.3 SEZhEAXLLE

M 4 7T LA U 7 - oy AR B S (A
4-a) TERLL 7 M2 2] T BOVEA B B R T BIAE A, T
ZARAESE ST 1) (93 B 1 32 20 B 7 AR X 2
/NFRZS s HE SO, X A R (18] 4-b) FERE T O
) 2 B R BN, W A 7 i I H 7
1) U323 A5 B PR r g 4 R 5 3k i DA LA
v g i A, f o R i T R

(@ {b)
B4 EHRSHRRSEENFSMICE
Fig.4 Compare of the mechanical style of the air bubbles in the

coup and confrecoup sites



Xk, % SR EREETTERRAAT ERNTE

LIU Sheng-xiong, et al. Research on brain tissue mechanical style in brain model deceleration Impact 461

B IR TG , % i B AL P R 2 4R 0 W] e P
EL SR AT ALV

3 S5t

AR 25272285 L 5 ) PR AN 22 PO 5 i 8 o 451
P EE Y 7 AL A B 5T, L o P fRy 2 ke - <
5 PG 3 6 PR — AT X f i 52 488 ok 5F PR S
AR TG, A3 T LASAR T 52 TR AR T 52 T
EATRORL S B R M . MBS B B
T AL ST B G0 A, (R R I AR 52 41 J5
KWBEIE. EKEFBMILREFIMTER T —TA
JUARSK AL B S o At AT T R R T B A
S IR A R HOR BARE ) o fi A AR R AR
P& TR, R R X OB (250 i/ ) 3 A
e AR REAT 08 . Rl AE U P9 L 2 Y
Y, A REXh R M B R 21T i 2 515
T ORI P AR AR R 87 FIE A B Ll
HAHT o (BRI 5T B A A TR TR G 8
AP RNNAR MM ER, AR KINARR T
T IR

2R 3 1o S 32 T Y P AR 2 , L A ek
R R RN A R B2 T (R R 2 )
X EITRE T — B TR, I/ T — 8T
RIZH 4R 52 T AR PR I 458 o BT IR SRR BB
FLAARTT AT H - X o G4k BB 32 2B AR
EBNRLS s A R BT 2 B AR O £
R 3 5 T AP R A B SO BT 2 B 5 R R
IEP R RSP IR TRk (S PN
RET 0.31 247 45X 3 MU KRR B (bR
Hh R R K, [RIERF P T A0 4 08 R I B 4 R
25 THURAERE , N AE X o SR B R s 1
P 2 B A X RS A B TR R M
X IRy o] PR 7 DB R A AR LT, R AE X o
w2 th BUE RGN N o X —E518 T LA
X 755 2R T 9 A 9 A e e 2 L,
FR LA A , T R AR AR B X R
R RIS T A s B AR £ 2 H 1
FEBEAT AR, A G UK S T T LA S0 A J 4L R % b £
I SRR BURGE R T — 7R U5 Tl B2 2
B4 7 B 2 5 TR JSE Y, AR 2% R 4% 5 1] B B RE T 3%
JOL R T R 3 2007 W 68 iy 4L I e ke U 0, 1
LR aES =R LR NSk IPNS Rk ST RS

N SUE B IR B R . WRtR MU IFIERTE
JEA W BRSSP, S SO0 w45 B AR AS BIL IR AE T
AR AR W 32y (R BE R T3 IR AR BE , AT
ML 5 T 32 BN 22 5 M 28 A B S S5 2K T
b

REARIRBIEFE A BT FR K SRR B 2 SR 14
AT PR Bl BB R 45 SR8 B b ) B 5 2 B
B TE S — B (H AT T IR T ol Al 13 SE T 2
KRBT, 7T AR RN 2R 32 R A
> BRI BA T A 08 R OB A A Dy R AL B A
“XTuptn” B S R AERLE . IR BT R N T
B R P AR o B R LR BB ST 7 A R o e o 3
Uil R T R LB A AR HE WS H T

SELHK:

(1] FIEE. 3SEFHAHRIELII]. PEAHERE, 1996, 12
@3): 141-142.

[2] Gennarelli TA, Champion HR, Copes WS. Importance of
Mortality from Head Injury in Immediate Survivors of Ve-
hicular Injuries [ C]//Proceeding of the 1992 International
IRCOBI Conference on the Biomechanics of Impacts. Ve-
rona: 1992: 167-178.

[3] ZHOU Ji-hong, QIU Jun, ZHAO Xin-cai, ef al. Road crash
in China from 2003 to 2005 [ J]. Chinese Journal of Trau-
mutology, 2008, 11(1): 3-7.

(4] XA, AU R s R R SR Rl 9], EEAR
MZPRRARE, 2004, 4(1): 9.

(5] xUstrg, B0, BRI, U o 00049 0 E oL pt o
BLJ]. BB TRARE, 1997, 14(1): 73-76.

[6] Nusholiz GS, Glascoe LG, Wylie EB. Modeling cavitation
during head impact [ C]//Proceedings of NATO/AGARD
Head Impact Conference. USA: 1996: 6.

[7] Brennen CE, 2003. Cavitation in biological and bioengi-
neering contexts [ C1// The Fifth International Symposium
on Cauvitation (cav2003). Osaka: 2003: 1-9.

[8] THZR IR ML-BBMRGEWE LT[ J]. LECHE
KA 1991, 25(3)10-16.

(9] AT, XM, FIEE, 5% BTN 248 & B SN R 7
R E [J]. R R SRR 4, 1999, 21
(4): 233-235.

[10] Hong Zou, James PS, Warren NH. Separating brain mo-
tion into rigid body displacement and deformation under
low-severity impacts [ J]. Journal of Biomechanics, 2007,
40:1183-1191.



