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Fig. 9 Schematic description mitro-aortic orifice

of the fibre architecture of the
whole ventricular mass. The
lines in green symbolize the
geodesic trajectories of the
fibres on the nested “ pretzels’.
Wedges have been cut out of
the right and left ventricular
walls, in order to show the
innermost hulls

pulmonary
orifice

............

Jouk P-S, et al

Anat.Embryol.(2000) 202: 103-118
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UNJFORM FPRESSURE LOAD SUPPOKTED RBY

ONE-PARAMETER _FAMILY OF FIBEKS
UNDER _TENSION - 77X, dv

U=arc /enj‘fh

Q/Oﬂj ﬁ‘ber
U=U2 |
- X
TX, by 47 “a
: / '/0"(_)_(” Xy )dudv
4

T/y) di = Fber Arce
7 = applied pressure foad



Uz
Z[(T%/g)uﬂ'/gé(u"xr)]‘{“ =0

\\

(7:‘ ;-(“ ) ;\ﬁ—-)-(uu + B u)) =0

‘rangen tial normaf

Tt Pollows that -
o [= T/W) , independent .f U -
Fibers are Geodesics.

/ (OOVJI"M‘;CS 76"“1 an OVﬂIOJO”@/
het (Prow'a{ed that U=O0 15

chosen ora"/wjona/ fo A Ker.s).



ELIMINATE MECHANICAL VARIABLES

Let Y/ = T)dv
%

Then ..)_(au +Q(u".xl/)=0
APF’? _X“x f0 solve 7@71‘/ :

rincipal
(Fnorm/il xCurvature

binxo:'m
Curvature



BOUNDARY CONTDITIONS
u= Uy (V)

40

q-"-”a(V)
At the commisures Y= .":uo(v>:

. A
0“;’,’7" X ( = “o(V)) V)

= +u)( V)Z(u +.>.<V



Y XH anef -)-(V are 0"7%9‘0"‘/
and _)_(“ Is a wuncf Vt‘c/-nj We
s Uy is independent

) - V) ﬂh*f‘
U, (V)..ﬂ %Z[ Fibers are
1ha Same lenghe!

and
XV &HO)V>= 0

'
(Xu "Xau yﬁf%,\/ =0
W
qu (:-" ”o)v)= 0

e, fibers at commisures oag Straight”



NomeRicAL ScHEmE  (T. Buttke )

. U
J=3 At( — .2_,\7.0.
Lot _T_-:.X“ /um} #njf’"f) _7;%
=y = .Z: *-ruu
4.4 n 17 r?
1'J Y " . -G--Jfl -Qg} +—J"/

N Nl
where O'; = Litgl



Eounda»y condikhms are
entforced b; refleckion *

n N N an
"Z:"/'ﬁa Z:%? ) Z"N‘r-'ﬁ - "N—é
Ei‘uah’ﬂl) fn i Tm' are
Solved by dixed-poin} iteratim,
whidh Converyes 1"70
R
(Au)*




After 5olvinj #n T we construct
The 1™ discretized Fber 4s

Y
= bl
X, =X, +be, -2y, )

A0 k=1-N. Here X, is one
Commisura/ foinf and _)_( N /S the
Other one, so it is impwn fant
that X Should be independent
of n. This can be proved Fom
our Scheme wilk its N]/ecﬁy
[>ouml«r7 conclihons .
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Numerical  Solution of the Fiber Architecture Equations of the Aortic Valve
David M. McQueen and Charles S. Peskin



peskincs
Typewritten Text
Numerical Solution of the Fiber Architecture Equations of the Aortic Valve
David M. McQueen and Charles S. Peskin




peskincs
Typewritten Text
Numerical Solution of the Fiber Architecture Equations
of the Aortic Valve.  David M. McQueen & Charles S. Peskin


MUSCULAK ARCHITECTURE OF VENTRICLES VPLATE 2
CABULYN KEVETKE THOMAS

Hog reutricles
These drawings represent the ventricles before uny musele fuscieles were removed,

2 Anterior view, 3 Posterior view.

C. Thomas AM.T- ANATOMY 1957



MUSCULAR ARCHITECTURE OF VENTRICLES PLATE 3
CAROLYN EVSTER THOMAR

INTRA

MMoa ventricles

4 Apieal view, Thix drawing represents the vertricles before any musele fascicles were removed, The npper edge of the drawing i®x the anterior
wnrface of the heart,

5 Anterior view. The outer laver was removed and the interventrienlar hand was transeeted. Then the ventricles were separated along the anterior
sulens, Note the penetration of the right septal fascieles by the left septal faseicles,
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Hog ventricles

G Posterior view. This deawing represents o more advineel stage of disseetion of the heart in figure 5: (1 The interventricular amd intraven-
triculur bands were removed. (20 The fibrous base of the right' ventricle wWas scpurated from the tibrous hase of the Ieft ventriele. This ineluded
the transection of the longitudinnl musele of the right ventriele, (37 The origins of xome of the right inner, right septal, and  left septul
fuscicles were transceted from the medial portion of the aortic rving, The line extending from the pulmonary to the right A-V orifice formed part
of the medial portion of tlie aortic ring before the ventricles were separated amd pepresents the origin of these transeeted faseicles. (4) Al the
Fight septal band, except the inteaseptal portion, war removed,  (3) The ventrieles were separated along the posterior suleus,

7 Au isolated intact exlinder. (The mode of isolution s explained in the teat,)

L. |



Figure 2. Cardiac muscle cells are grouped in fibers
and are connected at intercalated discs.
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FIGURE 3

Typical sequence of photomicrographs showing fiber
angles in successive sections taken from a heart in
at region Te. The sections are parallel to the
Fiber angle is 490° at the endao-

systole
epicardial plane.
cardinm, running through 0° at the midwall to —90°
at the cpicardivm. The sequence of munbers refeis
to deciles of wall thickness.

within 5 mm of a given sampling point. Shrink-
age of the preparation due to dehvdrating, em-
bedding, and sectioning by microtome was ap-

STREETER, SPOTNITZ, PATEL, ROS5, SONNENBLICK
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FIGURE 4

Fiber angles for four sampling sites, a tleongh d,
in a T-top section from a heart in diastole are
plotted as a function of percent wall thickness. Zero
percent of wall thickness implies the endocardial sur-
face. N represents the mean of the data at these
four sites.

proximately 18% in the fiber plane parallel to

the epicardium.
Results
An cxample of the change of fiber angle
through the wall at a single sampling point
in the left ventricle is shown in Figure 3 by

Circndation Rescarch, Vol XXNIV, Mzrch 1960



Figer ArCHITECTURE OF LEFT VENTRICLE

- Z o0
) Equilibrium : 2 .

2) Fiber stress
@ = =P+ 177G, It

3) Constant-area fiber tubes
VT =0

4) Axial Symmetry : ?/Af///
=Z
5) Thin wall.



EQuATION oF EQUILIBRIUM
Vjﬂ = T(_?‘V_Zj -1-.2_“"7(7'2“)
_Tk7n +T V(T2

/‘/f‘ri{ipa/ norma

curvature

5,:«:’41 case: V-( 7'_7:> =(

Z‘. V}g ={) % ﬁ‘berg run on ;ﬂ--(ansfanf'

V;a =TK n = £rbers i{:e jeodeSJ‘cS’

on p= ConsSfant



wall Swmfaces .
— Surfaces #CMSW/QWSM‘L'

. Fiber surfuces



THEOREM: If fibers are geodesic,

T/te7 ran (2/25) alon 5 p=Constant /
F{
Egn. of esuilibriur
Axial Symmetry -3
Fibers 9eodesic on ﬁber surfaces”
Neu-trivial Swir/ : T 5’ #0

Then:
7(TT)=
Fiber surfaces are p:consﬁrxi'
Proof
(6 V,o)-ﬂw n) +(_<? )V{TZ’)
A —,

/ f‘?ﬂr H‘f .:f% Lm! Q& & ﬁﬁfaf"i*f :
3 = luFion./
on an Y 'M'ffwg f‘F revol [(juyf

/

’%ﬂf by axial s 'fW-W“‘;"f' ”



C urvi' inéar COOrd inates

for asymptotic ana.t,;;.s:
_X_/”/%@ = (/%9”)6059, K l4)smG, Zﬁéy))

w}:ere

Klyv)= /ﬁﬁ) LU 2 (k)
Zlyv) = Z/«)—Ev/g/{q)
R) (&)1

V=0
E~U= anstant

U= Constamt
1\/



Choice anan'ables 7
a57mplob°c analysfs :



where

£S5 0.5 = 0

Note Hoat
T=0(")

Uln’ch IS neededd +o sqffor*
5fee’> pressure€ 7raof:'e¢d'
in F4in wafl

;-);(- = Ole)
wWhich )'m)al»'es that £ bers

Gre approximefely parelle/
+t middle Swfhea. V=0



_ﬂe g 87 UaHons:
1= +3°F°
2 (k) r2(87)
0 = D@n) S %K

W - s[mhe-58) %R



Invan'am)s M T2 oQ‘bers

(and hence b7 S9mmedry m
+1be, Smfaces ) :

87 Combin} the /’t 3"’, £ S
afﬂwe £ CGuatims, we Fnd
D(S)= 0
D5 K’)=0
Note Hiat Q,?a ~Z’._§=:cos°<

so we have

D(Rooosfx)'-':o



Here ! is e ansle between 142
hber directim and Ha circamiq'm}ok/
directim , 30 the result hat

£ tos X is canstant M 4 # ber

Shows et 'fga 'A&r 1S & jCoc{esz‘c
on the middla Suface. (('/a/rau+>

But this resutt holds only in e
[imit £~ 0, and we have Seen
above That e exact efua‘f'rho
rule out seodese paths 4 7oe
Pobers v Ha Fb@ 574«5.



Thioduction «f a Stream ﬂnaﬁm:
Sineca
% (6%) + 5 6%)=0

I Yluy) such that

r) 4
A
P)ud
Ko’,‘v i - Y.

Nole that Dsu=ﬂl so ¥
IS Gnothen nveniant / =
47 ber .



elf—.s:m.Iar solution 90
The £ Pfaahons :

Jeek 7C( ) Such that

sm¥ =T, 7C /R m) /(V)

Whm oince Iu'-'-'-o

£00) =0 ED defines the

- middls swface

but fﬁ/) # 0, since that would
mean circumdeventiel Fbers
mb. (Also, we may set
H0)=0, since onb £ ma;,tm)



Also

SI"IQO( -+ Cas‘zo( = f

Gu) + L) -4
R(n)
Since Ro Cos X IS ¢onstant oh &
fiber and 'ﬁlervﬁb:sa Function
o ¥ .



From now on, treat H)V as
independent Variaples. ,4”I7 5-27 ;

254 VF V)
F W ’/@2/”>f/l’)*;/”>>= 0

and Then —;%- :

i 4 )(QRO(")K;(”);[/V)gZ()):O



But
2 R,() Ry(w) FV) +50)=0

= S
= (V) P
= fV)= 0

Contrary To lypofﬁesis , So the
onl‘7 FDSSibi/hly /S
TW)=0 > J¥H=a e b

where a,b are cmstant.



Now with T(¥) determined,
i# is easy fo Show Hat

’Z

Hy)= -
Har)--(30% Mim“))

where The constant b has
been chosen 7o make 50/40)-'-‘0



The £ ber anj/e o is therefore

§iven b/
Simo = - B .
2 R, ( R (u)
or
o a U
X = —arcsin 2 ﬁ /u))

The domain f 1 is thorche
restricled 57

p 2K, (u)
AR
At the extremes of U (=T,

and these are fber sméces,
Since on +nem V’ Is constant




&m/i-/aﬁve behavi 470 Ha
‘)qbef SM'ACPS :

Choose +he oricin 7’ €U so
thet K («) is maximizee!
by u=0. Then Y4v)
has &« maximum (@>0) or
Minimum /440) af U=U=J.
In either case, The Fber
Squce.s in the rleg/pborﬁooa/
éf U=VU=0 are Nested o7 .
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Details are in the following papers:

Peskin CS and McQueen DM:

Mechanical equilibrium determines the fractal fiber
architecture of the aortic heart valve leaflets.
American Journal of Physiology 266: H319-H328, 1994
http://ajpheart.physiology.org/content/266/1/H319

Stern JV and Peskin CS:

Fractal dimension of an aortic heart valve leaflet.
Fractals - Complex Geometry Patterns and Scaling in
Nature and Society 2(3): 461-464, 1994
http://dx.doi.org/10.1142/50218348%X9400065X

Peskin CS:

Fiber architecture of the left ventricular wall:
an asymptotic analysis.

Communications on Pure and Applied Mathematics
42: 79-113, 1989
http://dx.doi.org/10.1002/cpa.3160420106
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