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A Survey of the Viscoelastic Properties of Brain Tissues
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Abstract: A literature review was conducted to depict the material models and associated viscoelastic characteristics of brain tissues.
Major factors that might influence experimental results were analyzed systematically through classification of different experimental
protocols and specimens sizes employed in various experiments. Results indicate that brain tissues possess inhomogeneous,
anisotropic, nonlinear, and viscoelastic properties.  As a result, a single set of Young’s and shear moduli cannot be used to represent
the material properties of brain tissues. Depending on research objectives, different material models and associated parameters may
need to be used to achieve the intended goals. In general, linear viscoelastic material models with its corresponding parameters
should be used in the simulations of brain tissues with less than 1% of strain at low strain rate. On the other hand, nonlinear
viscoelastic models and parameters are recommended when larger strain, such as during a severe car crash scenario, at high strain
rate conditions are simulated.
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KPa
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x 2 RGHILR

Fallenstein Shuck Thibault Arbogast Bilston Hrapko
1969 1972 1997 1997 2001 2006
FEATEAR KB ke i ke i ke
RsF mm 20.0X30.0% 12.7X 10.0~12.0X 11.0X 1.0 20.0X2.0 7.0~10.0X
KX 58X me | 4.0-7.0 3.1~12.7 1.0~2.0 1.0~3.0
B X
FEAAL pNITEN JBCHT R | TR i+ LR | W €A Y
% (LSENEV
ER 44~92 % 2-3K A L4E | 14 6~12 JJ
FEAFISS A A W W W W
G Hz 9~10 5~350 20~200 20~200 0.01~20 0.16,1.6, 16
RKTRENAE | 037 100Hz 0.213 0.025, 0.05 0.025, 0.05, | 0.001 0.0001, 0.1
350Hz  0.052 0.075
ST g I 10~62 /i JIRINGE) ~5 /IR ~4 /NI ~8 /MR 2.5~5 /)it
S FREE 37°C i 25°C S VR Ah VR A e | 37°C
I S 100% MR LR WA
PEA AL 2E BRI AR | NG BCAE VKA N | AN W | BAENIE I | B KA 4
T ook T W e K 7°C
Sy 1 H B D) R HEETIYEY HIFBIVIEY, L BT E G HFBIVIEY, i o0 41 5% 35 )
XN T AN | 0.75~1.41 5Hz, 7.6 20Hz, 20Hz, 0.1Hz, 2.1 MAE=0.01
K G 105Hz, 21.4 0.771~1.202 1.24~1.71 10Hz, 4.2 0.1Hz, 0.22
KPa 350Hz, 33.9 100Hz, 100Hz, 1Hz, 037
0.925~1.424 1.45~1.83 10Hz, 061
200Hz, 200Hz,
1.257~1.756 1.80~2.2
X T-AS[F 45| 0.3~0.6 5Hz, 28 20Hz, 20Hz, 0.1Hz, 082 MAE=0.01
K G” 105Hz, 18 0.222~0.341 0.45~0.7 10Hz, 0.6 0.1Hz, 0.1
KPa 350Hz, 81.4 100Hz, 100Hz, 1Hz, 0.8
0.413~1.256 1.25~1.45 10Hz, 04
200Hz, 200Hz,
0.678~2.139 2.15~2.35
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R3 BB KB UIA TSI

Donnelly Bilston Bilston Prange Prange Coats
1997 2001 2001 2002 2002 2005
FEATEAR B FE e MK RTE HiTE
JUst mm 12.3~19.1% 20.0X2.0 20.0X2.0 10.0X5.0X1.0 10.0X5.0X1.0 | 50X10.0X1.0
KX %8 X @i H | 5.3~26.4
X
FEARRLE KIi VUSRS BODEACAR DS | A0 % 58 2 D G | B e A | R S AR AR | TR R R X
TR AR 5 ) PRIX 1) X FUFR R | KR
RS 49~95 % HAE, 5K, 4 B
FEAFN A 4 4 A W i
AR S-1 0,30,60,90,120,1 | 0.055~0.947 0.05~0.75 0.42~8.33 1.1~57
80
K TR NAE 1.0 oy R 1~5 0.0008~0.15 0.025, 0.05, 0.1, | 0.025, 0.05, 0.1,
FEARMU 0.2,0.3,0.4,05 | 0.2,0.3,0.4,0.5
10~20
ST I 72~120 /)t ~8 /]I ~8 /]I VIBRJG 3 /M |~5 /i ~5 /NI
PRI £t SRR AT g b Pl R AT T it
HEt
BEA 7R UKAE S ok W | RAENIGIERCD | B N I i BAE 4°C NI | RAE VKA 1 3R
W B [ i
S 71 L) AL E AR R | R B YIR L7 E /A E T 287) /A L T YIRA
V)
XN T4 R | N AR | AR W W, ¥, HfiF): 0.1s~100s | He /] i) - il 0.1s~10s
BARNAZE | 0.2 0.4 A L1 A& 0.1s~10s 0. 15~10s
WA T AR ) BY 0.4 10
Pl G Os-1( #E ## & I | 0.055s-1 S4% 0.0008 0.27~0.11 el 0.17~0.06
KPa )
3.0 3625 | 022 | 012 | 0.01 | 41~0.8 0.22~0.08
5
30s-1 0.2335s-1 MAF 0.0125 e PR
7.75 9.25 027 | 02 | 0.02 | 1.9~0.45 0.19~0.075
5 2
60s-1 0.947 s-1 MiAE 0.0554 JDFIEAA
9.5 1163 | 029 | 0.3 | 0.02 | 0.61~0.21 0.14~0.06
8
90s-1 N4 0.106
10.75 | 13.25 0.38~0.18
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