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Finite element analysis on Sander III calcaneal fractures fixed by
crossing screws or steel plate
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University School of Medicine, Shanghai 201200, China; 2. Shanghai Yang Zhi Rehabilitation Hospital, Tongji
University School of Medicine, Shanghai 201619, China)

Abstract: Objective To make comparative study on the immediate stability of intra-articular calcaneal fractures
fixed by crossing screws and by plate. Methods A set of foot CT images from a normal male were collected to
construct 3D finite element models of Scander-lll calcaneau fracture fixed by crossing screws and by steel plate,
respectively. The regular pattern of stress and displacement distributions on these two fracture models under ver-
tical load of 700 N was analyzed. Results For the screw-fixed model, the stress was concentrated at the con-
necting area between screws and fracture ends, and the maximum stresses were different for screws at different
places. While for the plate-fixed model, the stress was concentrated at the connecting area between plate and
screw. The highest stress was concentrated in anterior segment of the plate. The maximum stresses of plate,
screw and calcaneus were all lower than their shear strength. The displacements of intact calcaneus and fractures
were concentrated on the posterior subtalar joints, and a larger displacement appeared on the internal part of joint
facet. Conclusions Both crossing screws and steel plate can be used to fix calcaneal fractures with a preferable
initial stability. Functional exercise and rehabilitation are recommended at early time after operation.

Key words: Calcaneus; Fracture; Internal fixation; Stress; Finite element analysis

U fE HHE7:2015-06-29; &[E HHEF:.2015-07-24
EEWB: [ AL § 2 R4 FWH (20134Y207) ,
BEEE MM, 2%, E-mail; meijiong@ 163. com,,



EREMAE $£30%5 £6H 2015F£12 8
502 Journal of Medical Biomechanics, Vol. 30 No. 6, Dec. 2015

22 S8 SUIRET N [ 5 S 1A 7 R AR M E R R
P E 250k, HA B/ RS I R D 25
ROl TIRAT B S AE R L AR B 2
ILAIHEZR AR E S5 4, WF 8 Xt HAR 7 B B r
IR HA R RS M — EAFA i, AR5 g
WL et L 2 21— 2 R

A BRI ik E Z A Y 1 A T
He, nf DR 28 S Y IR AE AN R 2 T BB ST R
ASFIRS Y o AR SMRE R AT BRIT AT T AR (R
PRI i ARG T I3 S R 8] 2 R R RIS %
Bayod 253 izt A7 BROT R B 90 BB A o1 ISR 5
T3 AR AR, S BRBE 1 SRR K, BRI Ay m] A
PR AR MR 1 em? B, J RN Ty M 24
A% BT XU B . T — R4 s A B
JUHERAUBUE WMARIAYY Sander IV RUERE-E-4fr, A B
ATEAFAERE R B3 1 5 1 4% B4 XU, 1 ot AT 49 A
PEA TR R AT AR B3 8 T ARS8 H Y o

FRT, A R B I i) 5 e et ik i A
Wy P O BOA BEA E . DIt , AN S
SEBRERTTNE T FROCEL TS, FU R 58 SR
BT A A b AN [ [ 5 T A A B A 28R AR E
P, Rl RER - Tia T RIS %

1 RS

1.1 CT 3#

W1 2 % B EH 32 %, & 172 em,
TRTE 65 kg, T I e /& H To A8 A5 R IE o o
GE /A ] Light Speed 64 HFZE CT 4 HLHT A MAAE W
L2 1.25 mm J2EE 1.25 mm [ B F 2 T2
. AFUEEE TRE ST 173 2 2%, L5 3
220 ik CT [l Jy, Sebr bR A il s8] 80 ik .
1.2 LFEEIENT

i FH Mimics 17.0 301 B2 24 B 5> FI D REAR
i CT UG K B B2 BB B ) = e 58 B s =, % J2
JH A B AT RLX 5y o B R AR 5 S0
A ] TAREK AT Geomagic 12,0, 7E L HY 22 [y a5
BBt (point phase) , 2 1 JE B Bt (polygon phase) | i,
JEBBL (shape phase)3 AP By, fE S BB, XF
B S BRI TS B, 3 6 A A T A R
T 2 RLEE . TS s B BB = AT A A
ZHIE BB 1 2 T8 B B, 38 3 T il 2R 10 FL IR

I8 IR AEER AR XF = 1 8 R4 T A A SR Ah
T s TR B B, S A RS RUAL ) P 3R 1 o X
TSI 1 2R 40 4, S5 S K 2B B i T A AR R C1
HEE AR A1 B B £ 25 (NURBS) Hif i
1.3 BIRTEBET

# Geomagic 12.0 HLA:z it iy SR B AL IGES 3¢
A BRIC/ ki ABAQUS 13.4 vk 5@ id A
RIS SRS R T RS B SR, Sy 3 AR
O EHEREER;Q DL 4 MURET[E & 1Y Sander 111
TP A AL, PIMCIRET b BB M 1 P 1) [
FE TS, PIMCIRET y R 45 7 1 R 56 7 1)
P EE [WE 1(a) ] ;@ DU Bk [ i B
HUEAIL LE1(b) ], & #HTE ABAQUS 13.4 th
F C3D10 S5 SE A s e HE AT ARG Rl 430 BF 238
BUBTES S % SCHRS ], Hoh f B s s iy
10 GPa, y ¥ Eb 2 0. 35 4% 00 B o0 % A & o
1.45 GPa, JAFA LN 0.2, AR 55 WRET (4 b4 A1l 4k
Gh, KIS % ek [ 7] 3 B, R BE hy
200 GPa,JH¥AEL M 0.28,

= 4

(a) SCIRETIEE

Ne—

e
A T
g

—

(b) Bl B [ 2
1 REBITHEERE
Fig.1 Calcaneal fracture fixation models (a) Fixed by crossing

screws, (b) Fixed by locking plate
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Fig.2 Stress distributions on different screws
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Fig.3 Stress distributions on plate-fixed model
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Fig. 4  Displacement distributions of the calcaneus models

(a) Intact calcaneus model, (b) Plate-fixed fracture model
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