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Stress Distribution in a Cylinder and a Measurement Based Left Ventricular Shape Model
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Abstract

We evaluated the stress distribution in a cylinder model and a shape model obtained from human

heart using two different fiber orientations. For both orientation models, the results showed large differences of
the stress distributions between the cylinder model and the measurement based shape model. These results sug-
gest that stress distribution is highly dependent on the model geometry and the usage of a measurement based
shape model is important for the evaluation of the left ventricular (LV)wall stress distribution. This fact may have
some influences on the reported homogeneity of stress distribution with anatomical fiber orientation model that

uses mathematical symmetric shape model.

Keywords : stress distribution, left ventricular mechanical model, cell model, coupling simulation.

1. & U & (&

DRI BT BB & UEADOGHIEL, DR
ME, FERHEICHEBENEEL S Z5ENTHY, 35
WSO ) 7Y YV OEELZENTHDH EEZLNLTY
L. LLadss, ELBEHWAERTE, LR
FHNZ, BRERIC ORI Y — 2kt 7z
W, FHl SN2 EOBEE LT LEEL i n)
MERH 5 [1]. 72, DEOEAROBEETHNE/MER I
BUAEONIATETL2EBEICEHIITE 2w i v
MAEH L., TNICHL, BRNEE#REHwEZET2R
JCRY R BEEB) 2 M L, 3 RITH R EAZ FEK S 5 MRI
tagging i Wz FEIEASNTWS [2-5]. 2hb

HBRET Y R YT 4 2006 75 (2006 49 H, HiiE)
2006 4 7 H 25 H5AF, 2006 4E 10 H 31 HEksET
Received July 25, 2006; revised October 31, 2006.
BTE NSy N R R e R
Graduate School of Informatics, Kyoto University
RDTE i N N T R
Graduate School of Engineering, Kyoto University
RSN - AR Y S 2 L — Y B v Y —
Leading Project for Biosimulation, Kyoto University
R s N R B AN AT SR T
ASTEM RI/Kyoto.
BB A A = AN THA
Mechanical Design and Analysis Co., Ltd.

DOWFZETIZ, LRSI 2 EADPLFHHE LTV D, £
G, DAERD S LIS 2 > TR I DMK T3 5
ELTWALD [34], MBI THE LTS D
D (2, 5] b, —F, BEEETIICIE, LB S04
Ao TIRHAME T T2 ELT0w530 (3] »5.
INLORIE, MECTETL250bH0, LTLLHE
ENEL TWwEEZONEA, EKE LT, EAOFHIKE
EAF TR, FH STV B.OHHKRICB T 28 0E
AEFEDREEAMR Y, BB WITFRPBIS OB L EE LT
WRWEREZ ONE, TOXHIEHIIC X BB D
S IZ BN DS 5 720, (LBEIZBIT B0 & EADS
BT AHRICBVWTIE, FREREZMMALLZY I 2
L—2a VERMFHINTE 7.

A IREEFR D2 R L7 ORES ) A B3 2098 L LC
& Arts 5 OWFZE[6-10] 3T 5N A, ZOWIETIE, [
X 0.0l % TR L 7o MR ECH € 7OV % 72 DGR
WIS 5 A5 OFFHI I, FRESS 1) B OV Rl 1 o ls 133
IS ATHERESISNTVS., ZOMETHVLRTWY
LIRET VL, EEEBAEREEICILE, wbwb T s
E—FR—= VRO DOTH Y, BIEEIRRRMFANIERET
WEoTwaD, FEICERS o7 [11] T, ko
ERETF NV EH TR Z G- L CTB Y, FERET7 IS
WAL L2 i & s LT 5. Guecione 512X %
Whge [12] T, Arts 5 & [/ CAIBZECY)E 7V &2 HWVT b,



(2) HARETS 4% 4% (2006 4F 12 H)

BRET OIS A EH— TRV EREL TS, KD
i, BRETVE LT, 7 FOLMED D 5 Kl IR
ZEHIIL, CoRRELAZRMEFDDICHEZLTTE 50
B R R IR EFIH L CTn 5.

INLOMREE KT S L, MREYE LCREET IV
ZRHL2HGEICBWTDH, BRET IV E LTRSS
B2l TR S 72270V & W TS 5045 % 335
%L, FOBERIGEWETFVEFE L2GAE L KL
T, REBEJFIM DI 53T B3P EAL L 7245 A & I 5 T g
BERELTWS., €T, AFETIE, AREREICE
FAELERRETVE LT, HESFRRHEIRE TV
&, R e OO MRI 7 — % 2 SHiH L7 A0S
RIS THER L BB R ELCZERBRETVEFIAHL,
ZNENDET MK LI UGt I RIS 15504 % &
BLGEDIRNGAOENZFHI L, BIRE T VA0
FINN AN G- 2 BB R T 5.

2. FHik

21 ELERRERETI

211 B AW, DUEHARBIGS 54 % &F
i 2 ELEBREF IV E LT, 2HEOET NV EH V.
O Lo, HEENIEIRTH 5, PIEE 20 mm, S414% 30
mm OMFIRET IV (LUFHEET V) <, MEARIZ 80
PR, REEHINIC 5B 400 BERZR, OSBRI Tw5 (K1
(a)). TOEFTNVTIE, BRWMAMONEDOEEIZEES
NV T, BREFVE LT, HEZ2EOLAES
2mm OHBREFTVEHVCTWS, 9 0EDIE, R
KMo e Mg MRI 7 — % 2 S0 L7222 0 E 5%
WONTHMRA R 2 AR L - O RIc RO =7
UTEEREFNV) THDH. ZOEFIVIL, 23418 BED
ANHAEREZEPOBE SN TBY, ELZERIRE T VL
Y=V [13] 12X IR (®1(b)). METFILVED,
JERER L LT, AERMATZ e —33 5 & 5 (ZJEEEL
ENTHY, ERREF VO Z B, HllREE R
BAMEIZBWT2=0L%5 X ) IFFRBE IR TV,

40|
200
O [
_20,
40l
_607
5 5 8oL
3072010 0 1020 30 ™! 100552020 0 20 46 <™
(a) HfEET NV FFEE 30 mm, JEX (b) ERIRETFT IV
2 mm, A 80 EFEX5 @) (23418 %)

1 ELERBRET IV
Fig. 1 Left Ventricular Shape Model.
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Fig. 2 Two angles are used to describe fiber orientation.
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Fig. 3 Transmural stress distribution of the cylinder model.
Stress distribution is normalized by the value of
epicardium. The regional stress of the simple orienta-
tion model is monotonously decreasing from epicar-
dium to endocardium. The regional stress of the
Huyghe model is lowest at 80% depth and increases to-
ward endocardium and epicardium.
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Fig. 4 Short axis(z= —20)and long axis (6= 0) cross sectional view of the regional stress

distributions of the real model. In contrast to the cylinder model, the stress distri-

bution of the real model shows inhomogeneous in circumferential and longitudinal

direction for both fiber directions.
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Fig. 5 For 30 degree simple orientation model and Huyghe model, transmural average stress and stress variance

are calculated along short axis iso-depth line. In contrast with relatively homogeneous stress distribution of

30 degree simple orientation model, stress increase in apex endocardium can be observed with Huyghe

model.
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Fig. 6 For 30 degree simple orientation model and Huyghe model, transmural average stress and stress variance are calculated
along long axis iso-depth line. In contrast with 30 degree simple orientation model, stress distribution of Huyghe model
shows monotonous stress increase from epicardium to endocardium.
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