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HIC relationship of anterior-posterior and lateral-medial collisions based on the comprehensive

evaluation of injury

ZHU Linna, WANG Guoxiang, WANG Xun, LUO Qinghang, XIONG Tao, CHEN Qiuju, XU Jingyu, YU Jia, LIU Shengxiong
Department of Biomedical Engineering, School of Pharmacy and Biological Engineering, Chongqing University of Technology,
Chongqing 400054, China

Abstract: Objective To explore the relationship between the head injury criterion (HIC) values in anterior-posterior (AP)
collisions and lateral-medial (LM) collisions. Methods A total of 102 male SD rats were randomly divided into a control
group of 0 m (6 rats), 4 AP groups (12 rats/group) and 4 LM groups (12 rats/group). After adaptive training, the classical
Marmarou model was used to execute the brain AP and LM collisions under a series of different height impacts, and the HIC
values were calculated. The experimental group data of the walk-pole test and grip strength test were collected at 24 hours
before and after injury, and the data of the proportion of hemorrhage in the corpus callosum and pyramidal tracts were
collected at 24 hours after injury. Results As the collision heights increased in both AP and LM groups, there were positive
correlations with changes in WP test time and peak GS, and corresponding increases in the proportion of hemorrhage in the cc
and py. According to the mathematical relationships between the comprehensive injury degrees and HIC values, it was found
that at the same injury degree, LM-HIC value was less than AP-HIC value. A mathematical relationship between AP-HIC and
LM-HIC was fitted based on the comprehensive injury degrees. At the same HIC, LM group experienced more severe
injuries, and AP group was more tolerant to head collision. Conclusion The injury severity in LM group is greater than that of
AP group at the same HIC. Preliminary results show there is a linear mathematical relationship between AP-HIC and LM-
HIC. These results can be expected to expand the application scope of HIC and achieve an accurate assessment of the LM
collision severity.
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Figure 1 Injury device and collision sites
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Table 1 Data after standardization of experimental results in

each group of rats

i cobiifift  pybRifEft  GSHRMEML  WPARME(L
0m 0 0 0 0
0.75AP 0.126 9 0.2104 0.493 8 0.130 4
1.25AP 0.254 4 0.2791 0.683 0 0.3913
1.75AP 0.745 4 0.5349 0.8190 0.5217
2.25AP 0.8720 0.8219 0.8370 0.608 6
0.75LM 0.1353 0.3312 0.5511 0.217 3
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py £ I 5 FEBOES e 4R FHEC X (K56, 45
WIR s co WA BG5S py F B 2H 22 18] 1Y) 22 S A
Geit2g = L (P<0.05) , BRA AR AR Al 4 /=5 B2 20 40, py
I 7 FE G T K F ce XK (18] 2¢) ; AP 4H H fiL /5 L
BE LT R LM 2 5 A5 s /N (18 2d) o Bl 3K
A5 BE RN, A [ 2 99 ) 2 S 16 K

FESN AT M2, 43 0% WP TGS 525611 9
A S0 HHE R AT W PR Ay T o GS AL B 45 R
2.25AP 41 5 0.75AP #1444 (P<0.05) \2.25LM 41 5
0.75LM £l (P<0.05) 52 50 %54 25 S A7 e ih22 3 (1A
3a) ; WP 4 52 56 45 31 . 2.25LM 4 5 0.75LM 4 (P<
0.001) .2.25AP 21 5 0.75AP £H (P<0.001 ) SZ 36 ¥ 4 2%
SAGT R SC(E 3b) o 1L AP 3 IRl 8 5 4
5 i v Tl AR R B 4 22 1A, GS Bt A WP BUHE 7E 4% 4
(] P A8 AR AT 2 M 25 5, LM B IRt o B L 5
e e Al v A 2 (R A RS i
2.2.2 MEEESHT ARG LA I 53RN A
[R5 1 B2 A 5008 1 — S0Pk, R Pearson AH G 53
A 500 A0 AR 56 R /INRIIE SRR 56 o M ZH 25 B2
M ET , & 4a b &% AP 2H 5 LM 41 76 % A [7) fil 42
R HE QL B 5255 1) ce 5 py il 5 LR
HEAL G BE E AT e PE Il 3 43 Hr . JCie & AP 4k 2
LM 4, filf i v 85 AT S35 7 79 s I o7 Lo A oA A0 S 5K
PERLIE EE -

254 Pearson A ¢ R B FE AP-py . AP-cc 43 1| Al
LM-py .LM-cc Z [A] Y AH COC & , H1 3% 2 AT 0 - i fii il



5531 ARBRES, 25 . FET LG A DR A USRI 1M i il HIC G 2R - 409 -

0.067 0.06-
. errs *P<0.05
k%
! —IA\ - _— P<0.01
s » #3% P<0.001
0.04 #3085 P<().0 001
2 w Y 2
i 0
£ =]
H H
0.021 @
]
0.00-
Q‘?\gj ?8 qu ?g(\cJ Vg qf)VS%V@%\)i\)@%\)Q
QNI N Y Q('\ \'} \i\ '\:'\'
a: py EREZ M S b: cc EREEM DT
0.04+
0.04
* W cc Olpy
0.031
0.03f
ey
2 2002
o =]
20.027 E=|
H
0.01
0.01
o
PRI Y
- . . ST PP qijv«%&\%\i%&%@
cc py QNI N VY \’j' Nt '\p'
c: HELEHB py 5 cc BEMS d: py 5 cctAaER

2 ARRIEF RN ERTEM DN

Figure 2 Significance analyses of histopathological experimental results
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Figure 3 Significance analyses of the results of animal behavioral experiments
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Figure 4 Scatter and trend charts at the levels of histopathology and behavioral science
2 BRREFLER py 5 cc B Pearson XL 3T 1 LM-WP . AP-WP il AP-GS.LM-WP F1 LM-GS =
Table 2 Pearsorf correlation‘ analyses of py and cc by IE_J ﬁ ﬁ 17! % E/‘J ha *H jt jt /% 5 EE Jﬂ:ﬂ %[] , *H EJ Wik Elﬁji
stopathologieal esults o], R R0 0075 7 1 A 30yl P 95 0 7 i
N I I B ARIR] s Ty 160 AR L ] — 900 (07 2 Ty 1 2
AP-py 1.000 - - - N o -
A B . - S REME R AT
LM-py 0.814%* 0.725%%* 1.000 - 223 %ﬁ*ﬁ )I:EJE SPSSAU ﬂfﬁ?%ﬁ*ﬁ,jﬁ%ﬁ
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*P<0.05;**P<0.01
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3 1T AE WP 5 GS#rENEHE R Pearson 18 XM 447
Table 3 Pearson's correlation analyses of WP and GS

standardized data

=6 APLEFLM ARG IEEEHE

Table 6 Quantized values of degree of injury

AP-GS AP-WP LM-GS LM-WP
AP-GS 1.000 - - -
AP-WP 0.921** 1.000 = -
LM-GS 0.871%** 0.716%* 1.000 -
LM-WP 0.888** 0.874%** 0.849%** 1.000

*P<0.05;**P<0.01

24 KMO F1 Bartlett #35 FI R 1015 9> R EAERE

in AP and LM groups
215 Sin i E
0m 0
0.75AP 0.238 0
1.25AP 0.3993
1.75AP 0.653 1
2.25AP 0.784 2
0.75LM 0.306 7
1.25LM 0.5293
1.75LM 0.789 4
2.25LM 1.000 1

Table 4 Matrix of component score coefficient for KMO

and Bartlett tests

KMO {8 Bartlett BRI 46 56
AR TT df PAH
0.833
36.509 6 0.000

F5 AFINATILIHRRENEMAERBRNEER
Table 5 Linear combination coefficients and weights of 4-class

experimental data of factor 1

Hs L) LA R AL /%
py 0.508 7 25.44
cc 0.500 1 25.01
WP 0.506 0 2531
GS 0.484 8 24.25
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Table 7 Comprehensive injury degree, AP-HIC values and LM-HIC values in each group

AP 4 CRA TR RE [ HIC LM #H SR FERE(E HIC
pogitiil 0 0 X HRZH 0 0
0.75AP 0.238 0 31.503 6 0.75LM 0.306 7 51.536 4
1.25AP 0.399 3 132.426 9 1.25LM 0.529 3 84.002 9
1.75AP 0.653 1 230.992 9 1.75LM 0.789 4 116.922 9
2.25AP 0.784 2 435.539 5 2.25LM 1.000 1 3073313
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