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Numerical modeling and biomechanical analysis of the human mitral

valve
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Abstract. Objective To establish a numerical model of human mitral valve and simulate its closing process, so
as to analyze stress distributions on the valve apparatuses, study the interaction between leaflets of mitral valve
and chordae tendineae, and explore the relationship between the force of chordae tendineae and their thickness.
Methods A geometric model of human mitral valve was constructed. On the basis of the geometric model, the
finite element model was established by defining the element type, material attributes, contacts, loads and con-
straints. Parameters such as stress, velocity and displacement were calculated after solving the model. Results
The stress distribution on the valve was non-uniform. The clefts between the scallops in the posterior leaflet were
always under the highest load. When no chordae tendineae were attached, the leaflets turned over to the side of
the atrium. When chordea tendineae were attached, the anterior and posterior leaflet could close up successfully.
Different chordae tendineae applied different forces to the valve. The strut chorea tendineae attached to the ante-
rior leaflet applied highest force among all the chordea tendineae. The correlation coefficient between the thick-
ness of chordae tendineae and their force was 0.954. Conclusions The two zones with higher stresses, namely
the center of the leaflet and the clefts between the three scallops in the posterior leaflet, are also the positions of
mitral valve cleft in clinic. Chordea tendineae can apply the pulling force on the leaflets while the mitral valve is un-
der load, thus the leaflets won’ t turn over to the side of atrium and the valve can close up in time. Chordea tendi-
neae with thicker anatomic structure always apply a higher force on the leaflets.
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Fig.1 Profile of the spread mitral valve
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Fig.2 Geometric model of the mitral valve (a) Isometric view,

(b) Front view observed from the left atrium
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Fig.7 Von Mises stresses in the center of the anterior and posterior valve leaflets (a) Element numbers, (b) Time-Von Mises stress curve
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Fig.9 Time-force curve of the strut chordae tendineae

*1 BEIBZFEERRAFHNN
Tab.1 The diameters and maximum pulling forces of different

chordae tendineae

JE A
‘ kb
Les I T U LI

0.349 0.373 0.256 0.477 0.644

#FEhiJ1/N 0.298

F¥EHAE/mm 0,70 0.65 0.78 0.40 0.84 1.24

PE— AR A v 4 S i R A2 1T RN
HARZIAR K &R, K 2 IR Bk A SCHk
(3] IO R Mg F S8 RYEMC R I r 2
e AR 2 (B S AR SRR B A E AR b, | | (B
AT 1, AR R] A AR OC B AR . 7R 5 2525 ) ik
KB EH RS E N Z E R R
4 0.954,

3 itig

TR 14 JU AR 45 R 5 FE S T A 4 DA
K, A B EE L SR 5 B A S K
i 2R 0 SRS A5 S s AR BRAE B0 28 S K, Hbh 23 3
Wi BEFLE A B . e, AR SO ST LA 454
SRS AR 0 "I , Ao B AP 23 A s
M R AE 3 AR, R A A 3 AN
Pl AR R A DL 2R P ) S A7 ¥ B 53 SURR
{7, H A 18— i 3 A7 A — i 5 720 38 A BE
AN R OL (RDRER ) , i BUA B R R 9 K
SENCRE R A5 o A SO ST 9 RS S 2R B
SERBONGAT , h Jm SE R IR ) 52 71 50 A e P o A

RREADL I LS 1 B LAl

AAETARVBEALL A I LS 7 43 A 5 Lau 2517 poy 6
PGRAEIT . F S AR A B DI g O IX
B R 5 e X DL RS R P2 S IX 5 P
P3 71X 22 ] (4 24 110 B RS2 BRI Ty o Jo et
KA 43 X 45 4 B RS D, 4 Kunzelman A6 107 )
Dal Pan A1 S i 34 11 3 8 57 J1 4 P LA
T RE P P DX 80 R I X (1) 288 1 798 A 3 2 K IX Jftl
SRR - AR BRI A A SO S
TOHI RR R R B — B b, AR SO R R
PIEIRASTS B AR o X d5 K Von Mises
)55 HA SCHR AR B R AT HORR, LA R 3k 2
Bz o AAFR 2 FRBSCH s Al R, AR SCREAUL 45 2R 5 HAl AR
RIGE RN —3, AR TTI Von Mises i 7]
W /N, St PR ABE AR o iR R 0 — 3 Ay S
e PR 2 B A O , (AR I R 2340 T — Ao e
F18 70 268 5 T G Al AR b ) Ji 2R A5 9 e ) 5 A
(5 SEPRA A RANRY ) A R B S0 11 3 AR
FH o AR [ Ji5 7 - Jr 52 2 r R T HARASE Y, 2 [
N HAURAY S A RZ A 1 AR, e 72 47 X
SR AR o DI — 7020 £ 3, T AR LK I
L /SR O AP S ea RTINS = A AP R EN il |8
xR2 wIEEMHFOXIEER K Von Mises 7 7 5 H 188 L 4 R
Tab.2 Comparison of the maximum Von Mises stress on the center

of the anterior and posterior leaflet between the established model

and the other models

AT Von Mises JG i Von Mises

FiA
¥ /1/MPa i 77/ MPa
Prot A5 #4[11] 0.386 0.243
Dal Pan #7115 0.330 0.252
Kunzelman f%74[12] 0.350 0.200
Votta f5#4110] 0.396 0.194
AR SR 0.323 0.296

RSO HE T A T 2R -5 0 3 e 14 A e A TR
e ia2h K32 71 JCRe 3 R, et 1 280 il
R 5 — Mo AR A D AT AR G
JGIY Von Mises Ji 7 BA i R T %5 [ ISR S5 A1 1%
HOR RV N IRl e s SR i Bu e e
TP A B, — O e TRV P AR R L



O, AEZRBEERENHEST

ZHONG Qi, et al. Numerical modeling and biomechanical analysis of the human mitral valve 59

FRISE 7, 55— T8 6 %o eI 2 7l fof 9 A 50
B 10—l

AR rp 25 28 5 ik 2R 52 F1 K /INB) 43 Aii 5 Prot
AR R, A S T A R M G AR B H Bk,
X5 Kunzelman #7177 Prot A5 7YM r it 37 i %%
IR KRG —F . A B T IR
Z B, HeE B KN HA S 50 0 B R /N
AN RT3 B AR SR EE A R KN ]
AL PE AR OC R B 1, R R 5425 >
) EL A 1R B A 2R Pk A S, ik ) 235 A R 0 i R 22
D

4 ZEiF

RSO AR I kit 75 25440 , S T LA 4544
R AT BRITAE B, 40 — R A1 5 i e o
e 2 S TRRES S S A s R e TR IO
T P R BB 2R 52 T3 RIS I 3R 0 2 T £ e
JE IR

ASHGE TN AU A S — JE B2 ) 5, TR 30 5
RRL O J R JRT, Re%- DX S 5 12 WA AN (] 7T 7 3 93 A
58 B A ORHK , 764 i BB B ARt 2 B A ] X JsK
JERE 225, AN, BEE THRALEE 2 R B R H
s R PR A LS AL Y )
SERWTTEIL AT L2 RIS R R 2 8] B R A A
DAY e L 28 T BT i, A 3 SR T P4 ) 52
Wi, RIS F] L — P R SR IR
SR BREE R RLALL X I BT AR A G R

S Lk

[1] Dominik J, Zacek P. Heart valve surgery: An ilustrated
guide [ M]. Berlin. Springer-Verlag, 2010 10-11.

[2] Ranganathan N, Lam JHC, Wigle ED, et al. Morphology
of the human mitral valve: 1I. The valve leaflets [ J]. Cir-
culation, 1970, 41 459-467.

[3] Lam JH, Ranganathan N, Wigle ED, et al. Morphology of

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[15]

[16]

the human mitral valve; |I. Chordae tendineae: A new clas-
sification [ J]. Circulation, 1970, 41(3) . 449-458.

Pick A. " What is the mitral valve annulus?" asks dana
[EB/OL].
surgery-blog/2008/09/02/mitral-valve-annulus-definition-di-

http.//www. heart-valve-surgery. com/heart-

agrams-prolapse-calcification-treatment/, 2008.

TN, BATAL, AR T, S5 RO AR A BROT
el J]. BRI T, 2006, 21(1) : 43-48.

Wang JG, Kuai XC, Ren BQ, et al. Finite element analysis
of stentless pericardial mitral valve [J]. J Med Biomech,
2006, 21(1); 43-48.

KRBT, MR, . N LAEYRRHELE A [ J].
AR TR 2R, 2002, 19(4) : 579-582.

B YR RO HT [J]. EEARI A B R
BlRR, 2002, 20(2) : 204-206.

FEYRBEL, BRERE, 230, % —FoBi A TR RE—
USRS A IF R WP (], v AR R 2 TR R,
1993, 12(3) . 168-177.

Kunzelman KS, Einstein DR, Cochran R. Fluid-structure in-
teraction models of the mitral valve: function in normal and
pathological states [ J]. Philos Trans R Soc Lond B Biol
Sci, 2007, 362(1484) . 1393-1406.

Lau KD, Diaz V, Scambler P, et al. Mitral valve dynamics
in structural and fluid-structure interaction models [ J]. Med
Eng Phys, 2010, 32(9) . 1057-1064.

Prot V, Haaverstad R, Skallerud B. Finite element analy-
sis of the mitral apparatus: Annulus shape effect and chor-
dal force distribution [ J]. Biomech Model Mechanobiol,
2009, 8(1); 43-55.

Kunzelman KS, Cochran KP. Mechanical properties of
basal and marginal mitral valve chordae tendineae [ J].
ASAIO Trans, 1990, 36(3) . M405-408.

Levick JR. An introduction to cardiovascular physiology
[M]. London: Hodder Arnold Publication, 2003.

JERESS, BIE, WAL, 45 SR =4 E O S IEPEM 4R
MAMPIE T [J]. P E BRI, 2006, 22(4) .
490-492.

Dal Pan F, Donzella G, Fucci C, et al. Structural effects
of an innovative surgical technique to repair heart valve de-
fects [J]. J Biomech, 2005, 38(12) : 2460-2471.

Ho S. Anatomy of the mitral valve [ J]. Heart, 2002, 88
(suppl 4) : 5-10.



