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Dynamic simulation and finite element analysis of gunshot wounds to the center of mandible mental region in human
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[Abstract] Objective To establish a finite element model of gunshot wound on the maxillofacial region in human, and to
conduct dynamic simulation and analysis of the injury process and degree of gunshot wounds to the center of mandible mental
region, so as to explore a new method for establishing a gunshot wound model of human mandible. Methods Based on the
existing modeling method and internal parameters, digital CT scan data of human mandible were used to establish a three-
dimensional finite element model of human mandible, which was used to dynamically simulate the process of gunshot wounds to
the center of mandible mental region under different shot conditions. The residual velocities of the shootings with different
projectiles at different entry angles and different impact velocities were calculated; the energy loss of the projectile and the rate
of energy loss after exiting the mandible were also calculated; and the obtained data were compared and analyzed. Results The
dynamic processes of gunshot wounds to the center of mandible mental region with two projectiles, three impact velocities. and
three entry angles were successfully simulated. Meanwhile, the simulation was also done for the stress distribution in different
parts of mandible after injury. Computation and the analysis of the modeling data showed that the severity of injuries and the
injury efficiency of projectiles differed with different injury conditions. Conclusion Finite element model can dynamically
simulate the injury process of gunshot wounds to the center of mandible mental region. It is found that the injury severity on
mandible and the injury efficiency vary under different injury conditions. The finite element model is a potentially ideal model for
studying the maxillofacial gunshot wounds.

[Key words] mandible; wound ballistics; finite element analysis; numerical simulation; biomechanics

[Acad J Sec Mil Med Univ,2011,32(8) :845-850 |

TR AL T B R R B R AL B TGRS AR b R AR SR A AR AL, i TR TR B i B

(AT 2011-04-11 [(#EZHEHH] 2011-07-19
[EE®N] FH ZE, 4, P00, FIEEN. E-mail: tangzhen1999@ sohu. com
* 3l {5 VE# (Corresponding author). Tel: 023-68755632, E-mail: tanyhome(@ yahoo. cn



+ 846 -

W TRE RS 2011 4E 8 H LA 32 %

MR S AR R B A [  AIE FAR L A
AE 3 AT IfT 6 10y 7 A0 47, T L 3 AT RE i A AT AT A
B L 41 S I A e e, SR, H i T
A9 TR A 303 4 T 5 A R A B B RO B
B 0T A R R Yl ST e A W g o T AR
S 27 B RE R I AR B /0, A G AR AR 405 A Y R
SR AT DL B S AR UL AR 2 408 32 A 04T o I i 43
D0, A2 B 2 BB R 23 19 K e, 32 i 36 B i
FI By 8RB . DY I, AT A 2R T 09 J7 1 R i or
I AR A B R

FATTAE LLAE Sl 92 3 A B0 Y BE Aty b, ST T
N 80U AR 005 A = 4R A7 BROCAE I, DL S B0 F
A AT ) A e e T R W 52 AN T R AN
RIS AR B B 5 5 S A BR 3T <l 15 4% 9 L 79 52 A7 1
Ol s RIS T A LR R AR 5B 55 W) LA
[Fi o 2 KA () A S 2 S50 Jm T 00 ) 4 7 R
PO E R SR A IROT R B LT TSN
A5 T AR LT LA 1 2 0, VR RE RS B F 5T 651 1T
AR 50 ) BRAR BB O vk . AR R ATRTIAT T b a8
Il iy S T PR WA TR IUE (DL S VTE=  FTBOR i
Be N 343 A B s A 58— 26 % T G0 20 1 o
7 HIAR A AT A BROC B SR R 25 R b

1 #MRITE

1.1 ARCER RHBMETHLRELHAT
BB A BT — Al A PR T A AR X A — A
B AR AT E ) L v T A e A
(22 % ,1. 62 m) sk HUH CT MY 14 K, =)= N
1.0X10 "m, PhPE=%07 EE F 38 1 (digital ima-
ging and communications in medicine, DICOM) ¥5 #fE
PRAFIF S, R Sk B0 5 o e 217 5k,
W RN 79 5K, R X SRR T A MIMICS 4

¥ (MIMICS 10. 0, Materialise Inc. , Belgium),
ARAT T GTCE 1 T A% L R TR B Ok AR AR T R T
RSN RN =R NN TR N /2 S L < N = g i
T O A A A5 A g A B 25 48 43 A 3P ANSA B H 3l
A A% (ANSA 12. 03, BETA CAE Systems S.
A., Greece), 7EM#AILRE FXRI 4B T T &5, R
oA TR B T SR0RG o R T R L RS N AR R AR S
TR BRLTT , Sl T BT AR M B 22 B S R A Bl
A0 53 BRI AR FRATTRE R A A S 4 T A R
JCHEAT T RO B AR T ATAL T B T PR 1 9 1R
SCEATT PR BT, DABA 28 B BB 5 RS BT i AR, K
P T U 28 A5 I T XA S 1), 2 R RS AR PN R 43 B T
T T A 28 A7, (o RS 7R O 2 30 T S e NG L
T AR IRAT EZCEN TR, WA
T ANCE B — 4 I B 5 R B A R AL AR P RE
LIRS B T 8B AL 275 216 S Hoc (o
DU BR 90 30 024 AN, N TR HLIT 245 192 ),
1387 1015 s, JF 4 FL 3% a8 S 45 1] () 14 19 333 o2 4
.,

HRAE7.62X10 "mRETFH(7.92X10 kg I
FBRITHEAI R 4 692 > 8 19 i /S TR IT X 5 076
AN, EHAR 63X 10 m MER (1. 03X 107°
k) A BRICHE R By 3 584 /4> 8 5 A5 9 7S 1 4% BT Bt
3817 A, N R R Y R TT R
J0.2X10 2 ~3.0X 10 *m, 7E A% B3 5T 1 fit K
KGO 5, BT 502 ik R W s B 4
J& Ah e 4L, R 7E AR 43 A ef - 5 5N Bk 2 Bk oy 2
At B A RE, FERE A R TEL S A LS-DYNA
970 "hIFEEI & SCT AR | S 5OR AR 2R Y B kR
K H™ MAT type 24 H 5~ MAT _PIECEWISE _
LINEAR_PLASTI-CITY fis4 ., F&UHE ., T it &K
BRI BHE T S EOL R 1 TR,

1 ARTERMBNFSHY

Tab 1 Mechanical parameters of the finite element model
Material properties Cortical bone Trabecular bone I%Té%;;ii;;f};éf)“
Young’s modulus p/MPa 13 700 1370 210 000
Poisson’s ratio 0.3 0.3 0. 284
Yield stress p/MPa 50 1.8 260
Failure strain (%) 0. 44 1.5 0.33
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Tab 2 Residual velocity, initial kinetic energy, energy loss and rate of energy loss of the bullet

and steel ball under different shot conditions to the center of human mandible mental region

aI:lzlojiiS:alst Residual velocity v/(m * s~ 1) Initial kine/lic Energy loss E/] Rate of energy loss (%)
velocity 45° 67.5° 90° energy E/] 45° 67.5° 90° 45° 67.5° 90°
1 368. 992 379. 811 386.976 633. 600 94. 426 62. 345 40. 588 14. 90 9. 84 6.41
2 705.035 712.534 721.334 2 133.474 165. 059 122.963 72.995 7.74 5.76 3.42
3 1 080. 320 1 088.420 1 096. 440 4 871.954 250.272 180. 708 111. 318 5.14 3.71 2.28
4 232.547 264. 807 309.616 82.400 54.550 46. 287 33.031 66.20 56.17 40.09
) 563.159 578.061 634. 858 277.459 114.128 105. 370 69. 891 41.13 37.98 25.19
6 956. 097 964. 180 1 001. 540 633. 600 162. 827 154. 834 117.013 25.70  24.44 18. 47

1. Bullet at 400 m/s; 2: Bullet at 734 m/s; 3: Bullet at 1 109. 185 m/s; 4: Steel ball at 400 m/s; 5: Steel ball at 734 m/s; 6: Steel ball at 1 109. 185 m/s
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Fig 1 Damage of mandible and stress distribution after bullet penetrating mandible

at an impact velocity of 734 m/s with three different entry angles to the center of mandible mental region

A, E, and I: The initial states before the bullet penetrating the mandible with entry angles of 90°, 67.5°, and 45°, respectively; B,F, and J:

The damage states after the bullet penetrating the mandible with entry angles of 90°, 67.5°, and 45°, respectively; C, G, and K: The stress dis-

tribution before the bullet penetrating the mandible with entry angles of 90°, 67.5°, and 45°. respectively; D, H, and L: The tress distribution

after the bullet penetrating the mandible with entry angles of 90°, 67.5°, and 45°, respectively
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Fig 2 Damage of the mandible and stress distribution after steel ball penetrating mandible

at an impact velocity of 734 m/s with three different entry angles to the center of mandible mental region

A The initial states before the steel ball penetrating the mandible with three entry angles; B, C, and D: The damage states after the steel ball

penetrating the mandible with entry angle of 90°, 67.5°, and 45°, respectively; E: The stress distribution before the steel ball penetrating the

mandible with three entry angles; F, G, and H: The stress distribution after the steel ball penetrating the mandible with entry angles of 90°,

67.5°, 45°, respectively
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Fig 3 Comparison of energy losses of projectiles under different
shot conditions in the center of human mandible mental region
A Comparison of the energy losses of bullet and steel ball with same impact velocity and different entry angles; B: Comparison of the energy
losses of bullet and steel ball with different impact velocities and same entry angle; C; Comparison of the energy losses of bullet and steel ball
with same impact velocity and same entry angle; D: Comparison of the energy losses of bullet and steel ball with same initial kinetic energy and

same entry angle
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Fig 4 Comparison of energy loss rates of projectiles under different
shot conditions in the center of human mandible mental region
A: Comparison of the energy loss rates of bullet and steel ball with same impact velocity and different entry angles; B: Comparison of the rates
of energy loss of bullet and steel ball with different impact velocities and same entry angle; C: Comparison of the rates of energy loss of bullet

and steel ball with same impact velocity and same entry angle; D: Comparison of the rates of energy loss of bullet and steel ball with same initial

kinetic energy and same entry angle
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