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Effects of gastrocnemius muscle force on foot biomechanics based on

finite element analysis
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Abstract; Objective To investigate the effects of different gastrocnemius muscle forces on biomechanical mech-
anism of heel pain. Methods The finite element model of the foot including foot bone, soft tissues, ligaments
and plantar fascia was reconstructed based foot CT images by Mimics software. The gastrocnemius force applied
on the foot was 40%-90% of half-body weight(320 N) with increment of 5% of half-body weight(16 N). The plan-
tar surface pressure distribution and peak pressure as well as the plantar fascia stress were calculated. Results
The plantar surface pressure distribution was mainly concentrated on the area of heel and metatarsal head. With
the increase of gastrocnemius force, the peak plantar pressure at the heel decreased, while the peak pressure at
the front of the foot decreased at first and then increased, which reached the minimum value with the load of
224 N. The plantar fascia stress increased with the gastrocnemius force increasing. Conclusions Gastrocnemius
force applied on foot has significant influence on the plantar pressure distribution. Finite element analysis can con-
tribute to understanding etiology and pathology of foot diseases, predicting the biomechanical results after the
gastrocnemius muscle relaxation, and provide theoretical reference for treatments.

Key words: Gastrocnemius muscle; Heel pain; Three-dimensional modeling; Biomechanics; Finite element
analysis

W fs HHE3:2015-11-02; &E HEY:.2015-12-08
E&WE: LFTREESG] ST H (12401907700 ) , SIS QRS .
B EE =i, B #% , E-mail ; howiezh@ sina. com,



EREMAE $H31% FS5H 2016510 A
438 Journal of Medical Biomechanics, Vol. 31 No.5, Oct. 2016

B BRI R BRIRT I, ZE PN SR 4 R U7 B R
TSI L T BT A A 7 PR M T DR
FEE M 100 TAERI A% . 2 BRI 0 B R R
20 10% 152 T 40 ~ 60 % AR 2 5 B AIIE
JREEREAR R ) AT S A R A DR
FHRALAN , HHEDU 5 1 G A7 J5E ¢ | B ) R A 890 L IR
BRI RIS E IR N R A . ZHeEE NN,
TR 8 S 1 | M R e BN R e R
JEFE Y T EAE M, AR IE A S
I ZE R, KR 0, R R R s B
FFPEEAS BT 25 7 A TG B S B, T8
SRR

JE PR s R T RE IR R TR, W AT AR
JHER L, (B S AH SR 58 A 338 . McGlamry 451 A
FEIR IR, BT A W TR e s i L9 2 v it ] e 2
YRR ATERZ M I AR S ISR 22/ . Sweeting
2R Fe T PRl A g RS A I ol R, A R
GEAA AN S 5 (EL R VA BRI 5 T i L2 5k 3 o7 2 R
I AR BA G a7,

H T, A S INE T UL IR X R iy 0 -8 1 28
VEFI R TS I 1143 A S i i Sk M S i iF e B 2
TFRE . SRS TS 56 B0 TR M, A 6 L PR 42 1 =22 )
(AT 2R C T35 3 L S IR RS B 28 77 40 A 38 2 R
FEMEIII Y . Sharkey 27 75 A JE AR | 3k
A7 8 UL FET AR L , 00 15 30 2 O R 4R A 3o it v
T2 AT e R AR A 750 N R BF 36 465 2 B o 28 ik
T . AT LB, B R A T, 2 B
JINESE LR 7 M B AL 1) AL TSRS L e LR
Sk AR 4 25 S B 0 v SR B 1) L TS AN 2K, B
1] A HERS , 52 500 2 A i) e 255 | B4 A K
ZERIIASTE , BN B S R AT R B

7 S gk ST AL R S BT B T A
s 14 K2 B A BR TR, S4B LA ) ok 2 3
W) 1R SR, LA B AR AR AT S 14 A
W) 12 45 R AT T

1 #RFTTE

1.1 EABRITEBET
EUGCRAEAT F E BLR 27 [ s B B A AR s Bt

% H GE A"l F A AW Z i 258 (GE Medical

System/ Discovery CT750 HD) , FEAEHL 1 44 (K &

64 kg fi & PR, X LRI JC Bk R Ak
05, T A b, FhR 4 400 3K JE 38 — 4E 7 2 4
&, L) DICOM #% U A7, G 0 BE 3y 512 x 512,
JZE A 0.625 mm, % 56 (FOV) & 35 cm,

B0 CT 5 5 A B 2% = 4k dE BB
Mimics 10.01 Hr, >R Y B {8 43 %1 A1 F3h 43 FI Y 5 ik
PRIBUR B H% R R IS AR 245 — 4 LT 4544, JF LA
STL & ZARAFHE T AYRETY . Mimics B V7 1 RE 7Y
EBCRLRE , A3 RIS, WA PR ORI (Y gl vy ™ A —
FEMERE , HCKs 1T 1 STL A% =X S 32 A i 1] TR $R
1 Geomagic 12.0 w47 i T ' ¥ 00 A Ak 22, 1 57
W3 LS R LA LAY, I DL IGES 4% =0 AR 17 3C
RO T (Ca) o 8K 5 3 8 %l I A% X) 43 1 2F
Hypermesh 12. 0 #4747 FRIC A% ] 73 [ WLIE 1 (c) |
(d) 1. )5 A ABAQUS 6. 13 H {47 B fi
HHE,

\
AV

(a) BRI

(b) RS AR

(c) BHA RoTkR

E1 ESMEGFERERITEDR
Fig.1 Solid and finite element model of the foot (a) Solid model

(d) RMABRITHER

of foot bones, (b) Solid model of the foot, (c¢) Finite element

model of foot bones, (d) Finite element model of the foot

AT SRR BROTAS R A 45 R R 2 2 .26 S
IR R RS B3 BB 14 SRk
S YebtiE) R BRI A, I
FR BB 2R Truss FRITHIAY, B & R0 EH S %
BRI A2 B U (Primal Picture A7), 32 lH]) o
1.2 e

W A BR TSI v 45 21 GRS 43 5 0 Ry 45 1l [
PE BT LR SR A ), B R 2 B I A AR OGSOk
(DL 1) o TEE B BT I AR B AT He BT



X #L,%E BETARTANHEBIER AN EBEN NFEHZIE
LIU Ying, et al. Effects of gastrocnemius muscle force on foot biomechanics based on finite element analysis 439

®1 ERERTER D EMETRBIGREE

Tab.1 Material properties and element types for finite element model of the foot
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Fig.2 Load and boundary condition of the foot model
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Fig.4 Plantar pressure distributions under different loads
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Fig.5 Peak pressure on plantar surface under different loads
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