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ABSTRACT

Biological tissues are known to be
hyperelastic with strong viscous properties.
Constitutive equations employing Mooney and
Hart-Smith strain energy functions have been
developed approximating brain as a thick
hollow spherical shell. The model incorpor-
ates the visco-elastic characteristics of
the tissues by modifying the energy
functions to include the rate dependent
material response. Thus the strain energy
function has been modified into power
function for both Mooney and Hart-Smith
models.

The two constitutive equations have
been analysed in detail and the paper
highlights the salient, features of the two
models. A parametric variation study has
also been done to analyse the sensitivity of
the various material constants in the
constitutive equations.

This study is of importance in visco-
hyperelastic characterization of the brain
tissues and provides a theoretical construct
for the same. This also identifies and high-
lights the parameters that are significantly
sensitive in influencing the response of the
models.
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INTRODUCTION

Soft biological tissues such as brain
tissues are visco-hyperelastic and also
incompressible in nature. Visco-hyperelastic
characterization of such materials are based
on suitable choice of power functions.
These functions lead to the formulation of
constitutive relations. The choice of power
functions depends also on the geometry and
boundary conditions of the tissues to be
tested [6], Several researchers have
formulated constitutive relation for
biological tissues by employing different
strain energy functions. However very few
attempts have been made to develop the
constitutive relations for biological
tissues taking into account the viscous
characteristics of the tissues. Pamidi and
Advani [4] have developed a nonlinear
viscoelastic constitutive relation for human
brain tissues in uniaxial loading conditions
and attempted to characterize the mechanical
properties of the brain tissues by employing
experimental test data from uniaxial creep
tests on human brain tissues performed by
Galford and McElhaney [1],

In this paper strain energy functions
proposed by Mooney [3] and Hart-Smith [2]
and energy dissipation function developed by
Pamidi and Advani [4] have been used to
formulate the required constitutive
equations. An attempt has then been made to
study the sensitivity of the various
parameters as occuring in the constitutive
equations over a wide range of the
parametric values vis-a-vis the model
response.

To derive the visco-hyperelastic
constitutive relation for brain tissues a
hollow thick spherical shell has been
employed to model the brain. These
formulations are general in nature and can
be used for any biological viscera such as
brain, urinary bladder, uterus and eyeballs
of either human or of any other primate such
as dog, cat, monkey etc.

CONSTITUTIVE EQUATIONS

Let (r, 9, <|>) denote spherical co-
ordinates in the initial reference state and
(R , 8, 4>) in the deformed state at time 'x'
of a mass particle in a hollow spherical
shell of internal and external radii
respectively r, and r« in undeformed state
and Rj and R2 in deformed state and; pj and
P2 are the pressures at the internal and
external surfaces of the spherical shell.
Then the pressure difference Y i.e. (PJ-PJ)
is obtained for Mooney strain energy
function and Hart-Smith strain energy
function as given below.

a. Modified Mooney Model (MMM)
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Where p - mass density; W - initial
volume of the shell cavity; U - infusion
rate of the fluid into the shell cavity; C
and D - elastomechanical constants and B -
viscomechanical constant.

b. Modified Hart-Smith Model (MHSM)
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Where p - mass density; W - initial
volume of the shell cavity; U - infusion
rate of fluid of the into the shell cavity;
Kj, KJI and G - elastomechanical constants
and B - viscomechanical constant.

RESULTS AND DISCUSSION

Equations (1) and (2) for MMM and MHSM
respectively have been solved numerically
for the various spherical geometries (W and
r./r«) and different volumetric infusion
rates (U) and also for different values of
the model parameters viz C, D, B of MMM and
G, Kj, K2 , B of MHSM. The results show that
with infusion the value of T increases
reaching to a maximum (T ) . After attaining
the peak, the value of T decreases as the
infusion proceeds and it drops to a
minimum(T . ) . With further infusion the
value of i shows a monotonous rise which is
siirilar in nature as the experimentally
obtained vetricular minus epidural pressure
(p,-p») versus volume response [51.1 We
define (X,,T/Tn.,_) as the critical pressure

, . /T,.»ai Umax „

ratio (II) where YQ IS the value of Taaj
obtained from the very first value taken for
any model parameter analysing the
parameters' effect on the model response.
The ratio of the total volume (Vt) at time
'T' to the initial volume (W) of the shell
cavity i.e. (V /W) where T attains its
maximum value is designated as critical
inflation ratio (P.).

To analyze the pressure-volume response
due to parametric variation two features
namely the critical pressure ratio (I!) and
critical inflation ratio (2) have been
selected as they are of significance in
matching the experimentally obtained
pressure-volume curve with the model
generated curve as required for estimating
the material characteristics of the visceral
tissues. We have studied the resulting
changes in MMM and MHSM responses by giving
a wide range of variation to the model
parameters.

Model Parameters : The values of Y in both
the models are found to increase linearly
with the increase in the value of infusion
rate. The value of Q falls down sharply as
the rate of infusion increases in the
beginning but later Q does not change much
after a certain value of infusion rate. The
MHSM shows similar relations between U and
Q as in MMM. However in MHSM the changes in
Q are less acute than in MMM with respect to
increase in the infusion rate.

In MHSM there is no much change in the
value of II initially as the value of B
increases but later the value of II increases

first slowly and then rapidly as the value
of B increases. In case of MMM the value of
II remains almost constant initially as the
value of B increases but later II increases
slowly and then rapidly as the value of B
increases.

The value of Q changes significantly in
MMM with increase in the value of B but it
is not so in case of MHSM. Initially in MMM
the value of S remains constant as the value
of B increases but later the value of Q
falls down sharply which again becomes
constant as B increases. In contrast to
this the value of £2 in MHSM remains constant
initially as the value of B increases but
there is a small increase in the value of Q
which again becomes constant as B increases.
In MMM initially increases in the values of
C and D respectively do not alter the value
of II. However there is a rapid increase in
the value of II as the values of C and D
increase. Changes in the value of Q for
different values of C and D show different
patterns. Initially the value of Q remains
almost constant as the value of C increases
after which the value of S falls down
sharply which again becomes constant as C
increases. The response of £2 with respect to
D is almost opposite in nature to the
response of Q with respect to C.

In MHSM the value of M with respect to
that of K, is almost bilinear. Initially the
value of Q does not change, but later it
increases almost linearly with respect to
K,. Changes in II with respect to K̂  is
almost linear and the changes in Q with
respect to K^ are characterized by an
initial sharp fall and then gradual
stabilization. Initially the value of II
remains almost constant as the value of G
increases upto certain value and then
increases slowly and later, rapidly as G
increases. The critical inflation ratio S
on the other hand remains constant initially
as G increases upto a certain value but
after that Q sharply declines and later
becomes constant as G increases.
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