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Finite element analysis on internal fixation biomechanics for vertical
sacrum fractures in the second generation of Chinese digitized
human

CHEN Hong-wei', WU Li-jun®*, WANG Ji-song’, ZHONG Shi-zhen’ (1. Department of Ortho-
pedics, Yiwu Central Hospital, Wenzhou Medical College, Yiwu 322000, China; 2. Institute of Digitized Medi-
cine, Wenzhou Medical College, Wenzhou 325035, China; 3. Laboratory of Medical Biomechanics, Southern

Medical University, Guangzhou 510515, China)

Abstract. Objective This study aims at comparing and optimizing postoperative stability and biomechanical com-
patibility in treating different types of vertically unstable sacrum fractures by using percutaneous posterior-ring ten-
sion-band steel plate and percutaneous iliosacral screw. Method Using CT and MR images of the second gen-
eration of Chinese digitized human “male No. 23, the finite element models were developed respectively for two
groups of vertical sacrum fractures of Denis [, I, [l zone with ipsilateral superior and inferior pubis ramus frac-
tures treated with percutaneous posterior-ring tension-band steel plate ( P-group) vs percutaneous iliosacral
screw ( S-group). The multi-solution finite element analysis and experiment validations were adopted on the basis
of lumbosacral spinal three-column loading modes and sacroiliac joint physiologic behaviour. Results  When
simulating vertical sacrum fractures of Denis | zone, von Mises stresses of internal fixation device of posterior
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and anterior rings of P-group were significantly increased, while the sacrum displacements were also increased
compared to those in S-group. Whereas as simulating vertical sacrum fractures in Denis [[ and Il zones, von Mi-
ses stresses of fixator of both rings in P-group were lower than those of S-group, and the sacrum displacements

were also remarkably decreased. Conclusions

Considering internal fixation stability, mechanical compatibility

for fracture healing and surgical procedure security, percutaneous iliosacral screw is more appropriate for the
treatment of vertically unstable pelvis fractures with sacrum [ zone injury, whereas percutaneous posterior ten-
sion-band steel plate is in favor of the treatment of vertically unstable pelvis fractures with sacrum 1l and [l zone

injuries.

Key words: Fracture; Fixation; Stability; Compatibility; Finite element analysis; Biomechanics
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Fig.1 Sacral zone- 1, zone-1I , zone-MI of Denis typing (a)
Anterior view, (b) Posterior view
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Tab.1 Material properties of series of FE models

VT SRS, A B2 0. 1 mm, BEFE R KN 0. 002 4
~0. 2411 UK G PR A B MR AR U
PRI HEHE ST BRIl BRI O KLY i
PEAA L, 5K F Mooney-Rivlin 2 28k, kAR 24
9 3.22 ~4.29 MPa, $2 3T JEAE (] £ 27 24 B5 3 5 i
AR HEIE 0. 511 0 & A4l 4 E’JM*%E‘T
DL VS AT BT AR 1 B TR T A
B AL TR A 2

FHRHHE B i/ MPa AR L JEE 0 2K B AL mm?
BRI AR 110 000 0.30 — _
ERITIRET 110 000 0.30 — _
ey 17 000 0.3 0.4 _
LN 129 0.2 0.4 _
S E ¢t 11.9 0.4 0.002 4 ~0.24 —
k- T 5% 5 0.45 — _
AT SR R 3.22~4.29 0.49 — _

KATHELT Yk 105 0.3 — 196.00 x2
H AR 251.3 0.3 — 6.76—79.74

T H A 2 R A (mm? ) [

S HRAR AT R 9. 69 x 2 LA G WIHE ,39. 70 x 2 BERE B A BIHE ,33. 12 % 2 BB RIHF L 16. 11 x 23 K45

TRF,39. 87 x 2 HEE A HIAT 3. 38 x 2; BB R, 10. 13 x 2 ki BRI, 12. 82 ki T #IHF,7. 43 . HEHE 557 4 5 #1217 4 it ( Mooney-Rivlin

BB 18 W = o (1, =3) +Coy (1 =3) , FL(Cyo + Cop ) =t

95— Rt

K2 RIFRTEBN AT R ENE T

4(1+y, ’

E =3.22~4.29 MPa,u =0.49;1, fil I, & Cauchy-Green 5K & {255 —Fll

Tab.2 Numbers of elements, nodes and contact planes in series of FE models with the intact and fractured pelvises

A TR disAoT HFrfor ki ST SN DN S el L ] i F AT 22 o T
Intact 82 408 130 273 430 83 241 2127 2 0
Pl 101 130 123 697 911 102 861 26 363 2 3
P2 102 633 123 711 925 104 392 27123 2 7
P3 102 295 123 761 975 104 154 27 266 2 5
s 94 587 123 660 897 96 267 25 093 2 3
S 95 543 123 684 917 97 267 25 525 2 7
$3 95 968 123 754 966 97 811 25 517 2 5
FIRHRE BT A0 Denis 087 S8 A GRS FROCEBIRL, BEHEBA ) B R S i 1A
BEEIIROIR CT SARTER Y el 1 B - v sh B, WIBRZ o 0.1 mm , BRI R A2
I M XHATEAAE MR R Brm 3 26h 0.4 IHUE &I, B0 1 X E4r B XA
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P3(a)

@

2 (P1), (P2), (PB)ERE I N MEEFHHEFMEE ETXERHZE PTSP BEARTHRE

IO I XA B e, @RS B R SCa4r

(a) B0, (b) J5 W, D@ @A

Fig.2 (P1), (P2), (P3) A group of FE models of sacral vertical fractures of Denis zone- I , zone-1I , zone-Ill with ipsilateral superior

and inferior pubis ramus fractures treated with percutaneous PTSP, respectively

(a) Anterior view, (b) Posterior view, O, @, @ Frac-

ture surface of sacral zone- [ , sacral zone-1I , and sacral zone-1lI, @ Fracture surface of superior and inferior pubis ramus
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S1(b)

S2(a)

B3 (S1), (s2), (S3) k& 1 .0 MRXREHFEEMIE L TZERHERE SUS EIEFRITEE () #THM, (b) FEN, D.Q O

I VI I XA B 16T, @R B R S AT

Fig.3 (S1), (S2), (S3) A group of FE models of sacral vertical fractures of Denis zone- I , zone-1I , zone-Ill with ipsilateral superior

and inferior pubis ramus fractures treated with percutaneous SIJS, respectively (a) Anterior view, (b) Posterior view, @, @, @ Frac-

ture surface of sacral zone- [ , sacral zone-1I , and sacral zone-1ll, @ Fracture surface of superior and inferior pubis ramus
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DR 3 BB K SRS B R4 01 7% L3R 4, B Pk
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eI S,
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D, % EREFUANGCRBAE BRI NEEHERTHHT

CHEN Hong-wei, et al. Finite element analysis on internal fixation biomechanics for vertical
sacrum fractures in the second generation of Chinese digitized human

499

®3 BRNETHMHSA Von Mises K211 (JFH ohos SHIFH o/ )

Tab.3 The maximum von Mises stress of internal fixation device of pelvic posterior-ring and anterior-ring (o

max

Post
max

O

Ante
)

ol /MPa oM /MPa
HHrER -
P S 4 (P-8)/8 P4 S (P-8)/8
il T XE4r [251.9,276.9] [161.8,168.2] +55.7~64.7% [120.8, 125.4] [40.51, 51.95] +198.2 ~141.4%
e I X B 37 [153.5, 163.4] [164.9,179.2] -7.0~8.8% [36.36, 40.20 | [44.97, 55.56] -19.1~27.6%
s I X E T [122.8,133.2] [177.2,193.4] -30.7~31.1% [30.02,29.36] [50.55, 62.61] —-40.6 ~53.1%
T RIVE R B XL A B, 52 500 N S A e . RIS E S5 1 50 SIS 4 500 B
®4 EBBAREGR U, MERLB Z
Tab.4 The maximum sacral sum displacement and compressive displacement ( Usmax, Zsmax)
U, /mm 2/ M
Bk max
P4 S (P-8)/8 P4 S (P-8)/8
il 1 XE9Tr [1.315,1.404] [1.167,1.345] +12.7 ~4.4% [1.271,1.359] [1.151, 1.314] +10.4 ~3.4%
#E T XEr [0.693,0.756] [1.085,1.264] —36.1~40.2% [0.555,0.602] [1.070, 1.233] -48.1~51.2%
R I X BT [0.685,0.720] [1.068, 1.240] -35.9~41.9% [0.512,0.535] [1.040, 1.218] -50.8 ~56.1%

T RSVER BN - BLS7, 3% 500 N 3 BT o WY e 1 5007 S8R 4 047 S0 2

®5 BUBRARERESEARKESH von Mises B AEERILLE (B o /o

Tab.5 The ratio of maximum von Mises stress between postoperative state and natural state in bony pelvis ( posterior-ring 0‘/';::5’/17’

max

i-Post ,-ﬁﬁﬂ; Ojl;]::ce/o_i-Ante )

max

i-Post
max ’

anterior-ring o /o )
afl’r).st/o_i—l’()sr Ante Anie
P S (P-S)/S P S (P-8)/8
BEE I X477 [10.190,10.132]  [6.429,6.352]  +58.5~59.5% [8.467,7.277]  [2.386,2.712]  +166.7 ~254.9%
B TXEdr  [7.908,7.903] [7.646, 7.766] +1.8~3.4% [3.226,2.840] [2.386, 2.606] +9.0~35.2%
R MXEYr  [7.012, 6.913]  [22.605,23.786]  —69.0 ~70.9% [2.388, 1.909]  [2.526, 2.762] -5.5~30.9%

T : ROVERIBAU UL BT L5752 500 N T ELATEAE . DL Bl 56 1 A s S ANEE 4 =iy 80

S 4N T297.0% ~8.8% F119.1% ~27.6% ,
B 1 B R AR RS TR 6 157 8 5393/ s 1736. 1%
~40.2% 1 48.1% ~51.2% , #5453 W X & 3rif, P
2H Ji5 PRI P N [ E s BB R Von Mises [ ) 73
B S 4 /N T 29 30. 7% ~31. 1% i1 40. 6% ~
53. 1% , Bk 1 e R R AR B i K 46 6 8% 433l
WNT 2935.9% ~41.9% F150.8% ~56.1% (32
3.4). A, AGER T XEIN X, P 4G H e ik 1)
von Mises N ] 5 N A8 3 7 22 B0 X RRPE 5 (H S 41T
X FRIE (DLEL4) .

A T XEPrik, P AL G 3 SR AR S5 R
A5 AR von Mises W S IE(EH HLME EL S 418
I, 4y B2k 58. 5% ~59. 5% F1 166. 7% ~
254.9% o HE 1 DXCEATES, P AL RN ) 0 (H L (E m

KF S, WA N 1.8% ~3.4% F19. 0% ~
35.2% o HKE I IXE 4T, P2 Y Ny ) 0 UAEAR S
ZHBA /0N, 43 AN T 24 69. 0% ~ 70. 9% Fil
5.5% ~30.9% (WL3£5), PR S AW s
PEFEPR (WLER 3 4) 512 R bR (L3 5) 7ERK
BT X LI X3 Al AR A S A

3 atig

28 K PTSP FIZt e SIS iy #iB M rE ey &
B H bR KPR b & A A RO AR e B T
TEBCHED ¢ R B AL e P 2 S RER A 102 L ST
2 RECAH U AR EEARE B AN Z T ZA T
BT BEA RCH TP 3 P b 28 J =R 10 ) 24 A 1
JI2FE R RS S5 R
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Stress/MPa | © Stress/MPa

Strain/107
1.178

Stress/MPa
177.2

Strain/107 Strain/107
177777} 1.627] 0.004 1.650

B4 (a)(b). (c)NEFEHEILH,FR1 54 P1, P2, P3FIR
TUAEELY PTSP 824 von Mises L I/ EM T =E; (d), (e).
(f) FFERA5HS1, S2, S3 FRRITEEE SIIS 274 von Mises Bz 77/
RENSHEE

Fig.4 (a), (b), (c) Distribution of von Mises stress/strain of
PTSP of FE models of P-group under both feet balance standing
of NEM1; (d), (e), (f) Distribution of von Mises stress/strain
of SIJS of FE models of S-group under both feet balance standing
of NEM 1

ARRITHEFE & B, X T Denis 73 81 3 Fh k&
HTEAY, 22 f2 PTSP [ (P 4) Fi& i SIS [ 5E
(S 4) RIB AR Ty 228 e HERCR o Denis 1 X
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AR KRG AR T S A (WK 4) s 53
HIRTER A [ 5E 5 19 5 K von Mises [ J) .35 KT S
H(WH3), X4 Denis 1T I X B Hr8st, & 37 180 & 8
] A SRS DX S T, P G e KRR AN, S T i
KEGA R /NT S 41, H X5 3 B 9 i fe K
(W3 4) 3 J5 FRFIRT I [ 2 5 19 e K von Mises Jif
TN S A, B IX i A B sl el e R (L3R 3) o
BRI, Denis T X 4raf, P Ay fRaE /T S 4
Denis [I | I X-&4ri}, P 2HBYAEER T S 457 H
BT SRS P B X, P AL AR E R, S 4]
(RE /N Griffin 252 B9 1 32 HIARAE STy

J A (9 R0 30 86 B 2 B R A 1], B AT
Bl J5 IR T 28 B RIERR IR AT [ 52, 2 R 4 49 F A [ 22
P Pk B T B R B TR A, B R AR TEAR
Ja 3 A Z P, TR O S A T 5k B 1 R
13% , X 6B AERR R AT HL AT & F IR YT S kg o
T T BT,

A BRICHHT B, 28 Bz PTSP il SIJS X F [
Denis £ RUECE BT A KRR S22 A, %8
INWAE LRSI AR 110} AL TR = ew N = e N =
SRARAS 9 R 7 A9 EU A B2 T 1, B o9 T 52 TR
(A MR L PSS R E BN T Lt
fEXTEE A B ( L3 5) , & B SIS [ 32 Denis | X
riny, J2EM A AL T 2 52 PTSP, Denis 11 X & 4
R, R P [0 1 1A AR A BB . MR, &
PTSP [5¢ Denis I IX-EATHT, J7 22021 ] AL T
22} SIS, Matta 25" &3 FLRFH SIS 657 #AE 561
YA, WFFT R W SIS [ 2 e & AW 12
(o HL PR [ 2 o AR, AR SCR 4 Bz PTSP R 97
Denis 11 | I X-E-AiE, B F7 i AR (R BE T 5 20K F1 75
PRV B e S AR e R (LKL 4) S
BN SR AL TR R A s Bl E P A
) F 5L S X T E PR e G .

Chen 25" [a] M BB 52 T 48 2 PTSP [# & 29
P2t Bz SIJS [ 29 i3 58 4] Tile C B & Z &7
SR 2 e PTSP HAT S (3396 785 0 ] 22 RL A 25000 A5 5
T EX L AR A 7= A 4 VR T, AN 2 A kel
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PEWIEANIK . Hinsche 257 #7387 AEAE U2 5T 4515545
UL S R AR R 2% ~15% o St FHEE K&
X T REREH, HFBURBE LT MICR L
MRS PR K IR K, X F Denis 1X B
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ASCA BRICHEFEAFAE — E M R AL FE L.
6, A SRR BB R T T B A B RS AR SR 1
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A TERIRAN , 3X 5 B 4 A [ 58 RO TE R A= 9 ) 2
FFRAEAE— 2R 0 R AR SCA W 2 %
PTSP 1 SIS [#] 72 i W0 4 A6 B4 2 1 A ) B AR 25 1 T
R, BEAS n] SE Mo 7 P PN I8 58 2 (8] 1Y) )2 22 5
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