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Influencing Factors of Renal Blunt Impact Injury: A Finite Element
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Abstract; Objective To study influencing factors of renal blunt impact injury by using finite element ( FE)
method. Methods Based on CT images of the kidney, the kidney FE models for different age groups were
constructed. The renal blunt impact test was reconstructed, and the influence of kidney material constitutive
parameters, kidney tissue structure, kidney size, impact position and impact velocity on injury severity were
analyzed. Results Under the same impact condition, the stress of renal cortex decreased with the kidney mass
increasing, and increased with the impact velocity of the hammer increasing. The renal capsule had a certain
energy absorption effect, so as to reduce the kidney stress. When the kidney was impacted, the stress of renal
cortex under side impact was significantly higher than that under frontal impact. Conclusions Compared with
viscoelastic constitutive model, Mooney Rivlin material constitutive model is more suitable for FE evaluation on
renal injury severity. The renal injury decreases with the kidney mass increasing. The increase of impact velocity
will intensify the renal injury severity. Renal capsule will reduce renal injury to a certain extent, so the existence of
renal capsule structure must be considered in FE modeling of the kidney. Compared with frontal and rear impact,
the renal injury severity is greater when the kidney is impacted from the lateral side.
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Fig.1 Finite element model of the kidney for different age groups
(a) 3-year-old child kidney, (b) 6-year-old child kidney,
(¢) Adult kidney
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Tab.1 Material parameters for constitutive model of renal tissues
MY AR MRS
¥ KB Mooney Riv- p=1 mg/mm*,»=0.499 99, C,,=282.4 kPa,
lin B 0 22886 kPa, €y =231 Pa, Cy, =231 Pa,
C;;=2131 Pa

ik p=1.1 mg/mm’>, K=2.8 MPa,

ittt G =0.23 MPa, G,= 44 kPa
L 2t p=1.1mg/mm’ »=0.4999 9,

Bl E=50 MPa, &g, =0. 35
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Fig.2 Simulation setup of renal dynamic impact test
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Tab.2 Scheme of renal blunt impact simulation
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Fig.3 Acceleration-time curve of hammer at impact
velocity of 1.9 m/s
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Tab.3 Comparison of the maximum stress of the kidney with different constitutive models at 1. 9 m/s impact velocity Hifi : MPa
poLl RN A Mooney Rivlin 2544
B A 7R
3% LE 0. 68 0.42 1.01 0.35 15.5
6 % JL#E 0.56 0.30 0.55 0.29 9.5
LN 0.30 0.22 0.30 0.18 5.2
T i 0. 088~0. 144112 6.1~11.9!% 0.088~0. 14412 6.1~11.9!%




EREMhE $£37% F4H 20224£8A

660 Journal of Medical Biomechanics, Vol. 37 No.4, Aug. 2022
2.3 AEEHAFHNERREXHEE TR 1,000y — 3% JLE B AR A
o 3B LB EETLANERE
M 2 800r — 6 LI E A AN E AL
— B 600} 4T
ARV AE U N\ 1 o o i o B 5 A % 100 ; RN B T A A
P AAHE B4 JTRh 1.9 m/s fi s R T i = oo
~ N e I N M [
(A 0 B T Rl 2, DAAS A R 1 DR Sk 4]

3.6 2 JLE M B NEf K von Mises 1 /153 51l 4
1.01.0.55.0. 30 MPa , {8 4R0E(E N3 75 4 606 .
428 316 m/s”, B R JTT 1 B AN 7 R R AT i R
B o s P44 T ARG

F 4 XS HE T AN [ AR I N 5 JIE 2 304 < 1)
HER I i AR B R K R FE WA, 53R Bos, T
WA TCELE B I o e G I, AR IR

R4 TRERABEEZIELTHE

0 5 10 15 20 25 30
I} 18] /ms

B4 EER L9 m/s iE B T AR B 4 60 N\ B S B e 4 4 o ik
k3
Fig. 4 Acceleration-time curve of the kidney impacted by hammer

at velocity of 1.9 m/s for different age groups
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Tab.4 Comparison of deformation, deformation rate and maximum principal strain of the kidney under impact for different age groups
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Fig.5 Maximum principal strain contour of the kidney at impact velocity of 1.9 m/s for different age

groups

B RS M E E RGN
BRAT N AR TR 7 0 A7 B O 58 403 97 Ay sf 43 7 22
W T JBREX R A2 ) e o A AR O i 3 4
AT R b RS B N 5 TR A R R P R 1
AL LR 10 B W A 27 B HE o I, B A 7 g A
RIS H A B AR, 3 % LS N S
1. 01 MPa F&{%3 0. 35 MPa, fiz K F2 W25 H 0. 80 F43

2.4

(a) 3-year-old child kidney, (b) 6-year-old child kidney, (c¢) Adult kidney

0.49;6 % JLE B K BT J3 i 0.55 MPa [ fik 2
0.29 MPa, fe K E WA 0. 64 F&F] 0. 445 B 2
N FTH 0.30 MPa A E] 0. 18 MPa, fie K 320 45
0. 43 F&H] 0. 30, "B ELRFEREAT RIS B2 BT ) 5 K
FIRRRINAS | e AR 25 % S B A B A AE
2.5 iEEIERE XS AR A RN

Umale %% JE4 7155 BB P48 o S 500 )k 38 Y 1]



EithE, % BHANETRGZWERNERTHAR

CUI Shihai, et al. Influencing Factors of Renal Blunt Impact Injury: A Finite Element Study

661

H15~1.9 m/s, PRI, ARSI 1.9.1.7,1.5.1. 3,
1.1.0. 8 m/s JZR 3 BT B R0 0 #E 47 A BR 5T 05
H, 3R 5% T A8 7 B T R A AR CHE S
HEF K von Mises i f) . T8/ 0.8 m/s [},3,

TEMGH RS T 0 5 RN 7 9 AR B4 0 e, i
N 1.1.1.3 m/s BF,3.6 2 LEE LN 11y
KT EE , BN B B 5T 0 7 4 T 5 481X 1], B
Arlfe kAR, MEHER 1.5.1.7.1.9 m/s

6 % JLH B K JTON g i R T 400 AL, T N 5,36 2 JLE SN B RS R T4 B
x5 FRETEETARFRABEESKE AL
Tab.5 Comparison of the maximum stress of the kidney at different impact velocity for different age groups ] . MPa
\ - I L
BB/ (m-s7) 3L 6 %Lt [N 3 %)L 6 % Lt [N
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