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Skinfold creep under load of caliper.
Linear visco- and poroelastic model simulations
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Purpose: This paper addresses the diagnostic idea proposed in [11] to measure the parameter called rate of creep of axillary fold of
tissue using modified Harpenden skinfold caliper in order to distinguish normal and edematous tissue. Our simulations are intended to
help understanding the creep phenomenon and creep rate parameter as a sensitive indicator of edema existence. The parametric analysis
shows the tissue behavior under the external load as well as its sensitivity to changes of crucial hydro-mechanical tissue parameters, e.g.,
permeability or stiffness. Methods: The linear viscoelastic and poroelastic models of normal (single phase) and oedematous tissue (two-
phase: swelled tissue with excess of interstitial fluid) implemented in COMSOL Multiphysics environment are used. Simulations are
performed within the range of small strains for a simplified fold geometry, material characterization and boundary conditions. The pre-
dicted creep is the result of viscosity (viscoelastic model) or pore fluid displacement (poroelastic model) in tissue. Results: The tissue
deformations, interstitial fluid pressure as well as interstitial fluid velocity are discussed in parametric analysis with respect to elasticity
modulus, relaxation time or permeability of tissue. The creep rate determined within the models of tissue is compared and referred to the
diagnostic idea in [11]. Conclusions: The results obtained from the two linear models of subcutaneous tissue indicate that the form of
creep curve and the creep rate are sensitive to material parameters which characterize the tissue. However, the adopted modelling as-
sumptions point to a limited applicability of the creep rate as the discriminant of oedema.
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to the action of the calliper’s spring and made series
of tests confirming differences in the behaviour of
normal and affected tissue. The phenomenon which is

1. Introduction

A treatment of breast cancer causing disturbance
in lymph transport from interstitial space through
lymphatic system to blood can result in accumulation
of lymph in tissue of trunk and arm [10]. A simple
measure used in evaluation of swelling of the poste-
rior axillary tissue is based on the comparison of
thickness of the tissue’s fold on the normal and af-
fected sides. The alternative measure, as proposed in
[11], may constitute a comparison of change of thick-
ness of the fold of such tissues determined at two
characteristic time instants under approximately con-
stant load exerted by modified Harpenden skinfold
calliper. The authors of [11] determined the time in-
stants (10 s and 60 s), the optimum loads (37 kPa) due

considered as responsible for the thickness changes is
creep phenomenon of tissue. Since the tissue with
edema contains more interstitial fluid than the normal
tissue [8], the observed creep is usually larger in the
former case. While this original idea is very interest-
ing for clinicians the literature confirming the possi-
bility of axillary edema assessment throughout analy-
sis of creep is very limited and this is a possible
reason that this simple methodology is not widely
used. The creep phenomenon of the lymphedematous
tissue was also mentioned in papers [3] and [13],
where another diagnostic method, called indentation
test or tonometry, was considered. The results indi-
cated greater sensitivity of response of lymphedema-
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tous tissue to mechanical load than observed in the
normal tissue.

This paper presents results of simulations of the
creep of a skinfold assuming two mechanical models of
tissue: viscoelastic and poroelastic one. Assuming that
normal tissue can be modelled as a viscoelastic material
and the edematous tissue is a fluid saturated porous
material the models are considered in order to explore
possible behaviour of normal and edematous skinfold.
The influence of material properties characterising the
tissue on mechanical and hydro-mechanical processes
under constant stress imposed by calliper tips is ana-
lysed. This parametric analysis may deliver better
knowledge on possible sources of lack of success of the
creep measure in diagnostic practice.

We assume simplified linear models of soft tissue
with homogeneous and isotropic material properties.
This means that the presence of skin is not incorpo-
rated. Additionally the fold geometry as well as
boundary conditions are idealized and the symmetry
of the process is assumed. The load level considered is
almost five times lower than the originally applied in
[11] in order to limit the resultant strain which has to
be acceptable within geometrically linear models. The
control time instants are the same as found in [11].

The discussion of results obtained by finite element
method is concentrated on tissue deformations, intersti-
tial fluid pressure, and fluid velocity. The deformation
of tissue under calliper tips represents the creep phe-
nomenon due to internal friction or displacement of
interstitial fluid. The analysis refers to control points
located beneath and next to the loading domain. Para-
metric analysis reveals the role of elasticity modulus,
viscosity of permeability of tissue for creep behaviour.

2. Materials and methods

In Fig. 1, a picture of a patient with truncal lym-
phoedema tested with modified Harpenden skinfold

caliper and a simplified geometry of the skinfold which
is used in simulations are shown.

The soft tissue is modeled as the viscoelastic or po-
roelastic material. Only in the latter case the presence
of interstitial fluid is represented explicitly by the pore
fluid which saturates porous skeleton. In both cases we
assume negligible role of inertial and gravity forces as
well as the symmetry of stress tensor. Similar level of
complexity (number of model parameters) is postulated
within the constitutive mechanical relationships of the
models applied. The presence of skin, inhomogeneity
and anisotropy of the material are disregarded.

2.1. Viscoelastic model

A single phase viscoelastic model of solid material
which incorporates the assumptions introduced is
based on the equilibrium equation

V6=0 (1)

where o is the stress tensor. Following the concept of
the generalized Maxwell model of the viscoelastic
continuum with internal variables [2], the stress tensor
is decomposed into volumetric stress (pressure) P and
stress deviator s

o=—PI+s 2)
and then the constitutive relationships for the linear

viscoelastic material are written as the equations

P=-Ke¢,, s=2Gg, +Z2quj,

=
3)

da;, 1. _d

dt rq‘i dt’

J

where the strain tensor & defined by the displacement
vector u is decomposed into volumetric strain &, = tre

and tensor of strain deviator g, as follows € = % [(Vu)

b)

Fig. 1. A test with the modified Harpenden caliper [9] (a) and simplified geometry of the skinfold used in simulations (b)
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modulus, G is the shear modulus, £ stands for Young’s
modulus, G; represent stiffness of arms (j =1, ..., n)
in the generalized Maxwell model, q; denote the
symmetric tensors of internal state (internal strains)
and 7; are relaxation times [2]. In the applied model of
tissue the simplest approximation is considered, i.e.,
i = 1, which guarantees similar complexity of the vis-
coelastic and poroelastic models.

+ (Vu)'] = %gvl + g5 K = is the bulk

2.2. Poroelastic model

The poroelastic model of soft tissue is based here
on Biot’s formulation [4] and comprises the equilib-
rium equation of the two phase system and Darcy’s
law, i.e.,

V.6=0, 4)
k

q:__vp, (5)
n

where now ¢ denotes the total stress (sum of the stress
in solid and fluid phase), q is the discharge velocity of
pore fluid with respect to solid skeleton, p stands for
pore pressure, k£ and 77 denote permeability of porous
medium and dynamic viscosity of fluid.

The linear constitutive relationships for mechani-
cal behaviour of fluid saturated porous material are
the following

c+apl=2ue+ e l, (6)

1
{=—p+ac,, 7
Mp Y M

where { denotes the change of fluid content in porous
matrix, # = G and A are Lame elastic constants of
drained porous matrix describing response of solid
skeleton in terms of the effective stress to the applied
strain, « is the volumetric coupling coefficient, and
M is the elasticity constant relating the change of fluid
content and pore pressure, [4].

From equilibrium equation (4) and constitutive
relation (6) we have

V2 u+Qu+A)V-(Vu)-aVp=0. (8)

Since the change in fluid content ¢ can be ex-
pressed by the product of porosity ¢ and difference of
dilatations of pore fluid #and solid matrix ¢, i.e.,

c=9(0-¢,), ©)

and the linearized dependence of the divergence of
discharge velocity can be represented as

V-q=¢§(9—ev), (10)

combining equations (5), (7) and (10) we can write

1
—a—p+V- —EVp —aﬁgvzo. (12)
M ot n ot

Expressing the Lame constants by Young’s
modulus £ and Poisson’s ratio v of drained material

E Ev
p= o A=
2(1+v) 2(1+v)(1-2v)

parameter M for incompressible matrix material as

and representing

M= 7f, [4], where K denotes the fluid compressi-

bility, we get the following coupled system of equa-
tions of the poroelastic model

2 E . — =
\% u+2(1+v)(l—2v)v (Vu)—aVp =0) (13)

ia_l’w.(_ivp
K, ot n

2(1+v)
0
}Laav‘u—o. (14)

Equations (13), (14) will be used to model the be-
havior of subcutaneous tissue as fluid saturated porous
material in terms of matrix displacement u and pore
pressure p.

2.3. Model parameters,
initial and boundary conditions

Table 1 lists the parameters characterizing the skin-
fold geometry and material properties of the tissue
assumed for simulations.

Due to the symmetry of the mechanical problem of
the loaded skinfold only half of the fold, shown in Fig.
1b, with the adjacent tissue is taken into account. The
geometry of this part of the fold and the cross-section
are shown in Fig. 2. The length, width and half of the
thickness of the simulated fold are L = 8 cm, W, =
6 cm and d = 2 cm while the width and thickness of
the adjacent tissue are W, = 6 cm and D = 2 cm. The
rectangular coordinate system is used with x axis ori-
ented along the fold. The load p. = 7.8 kPa is applied
to the surface of contact of skin with the caliper tip.
The geometrical parameters for the caliper tips are
selected following paper [11]. The size of the tip is
characterized by length / = 15 mm and width w =
6 mm. Then, the surface area of the contact is equal to
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Table 1. Geometrical and material parameters assumed for simulations

Parameter Description Value Units
L Length of fold 8.0 cm
Wy Width of fold 6.0 cm
W, Width of adjacent tissue layer 6.0 cm
d Thickness of half of the fold 2.0 cm
D Thickness of tissue layer 2.0 cm
a Depth of control points 0.05 cm
b Distance between control points 1.0 cm
/ Length of caliper tip 1.5 cm
w Width of caliper tip 0.6 cm
a Volumetric coupling coefficient 1.0 -
Ve Liquid density 1000.0 kg/m®
v Poisson’s number of the tissue 0.33 -
E Young’s modulus of the tissue 2/2.5/3 x 10* Pa
[ Porosity 0.05 -
K, Liquid compressibility 2.3 x 10° Pa
k Hydraulic permeability 0.5/1.5/4.5x 107" m’
n Dynamic viscosity 0.001 Pas
Pe Mechanical load (normal stress) 7.78 (58, 32) kPa (mmHg)
Gy Parameter of stiffness in Maxwell model 3.6 kPa
7 Relaxation time in Maxwell model 3/7/16 S
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Fig. 2. Geometry of half of the fold (a) and cross-section through the element (b)

90 mm’. The assumed load on caliper tips is about
five times lower than the value considered in [11].
The values of basic material parameters characterizing
mechanical and hydraulic properties of soft tissue are
adopted from literature, see [1], [6]-[8], [12] and were
discussed in [7]. The parametric analysis is performed
for a range of model parameters being deviations from
their basic values and ensuring that results of simula-
tions satisfy the accepted limitations. Studies of the
poroelastic model with respect to variation of stiffness
of tissue assume three values of drained Young’s
modulus E = 2/2.5/3 x 10* kPa and the same for each
case drained Poisson’s ratio v = 0.33, while the pos-
sible range of hydraulic properties of tissue is ex-
pressed by the three values of permeability which are

k = 0.5/1.5/45 x 10" m?. The studies of the vis-
coelastic model assume elastic parameters (£, G) the
same as the drained elastic parameters of the poro-
elastic model. The other two coefficients of the Max-
well model (Gy,7) are selected to ensure that the pre-
dictions for initial deformation level and rate of creep
are comparable for the viscoelastic and the poroelastic
models. As a result, the parameter of stiffness of an
arm in Maxwell model G = 3.6 kPa, and the values of
relaxation time 7= 3/7/16 s.

Initially the pore fluid pressure and tissue displace-
ment are assumed to be equal to zero. The relative fluid
flow is not allowed through skin and symmetry planes.
The displacements of tissue for boundaries which are
included by symmetry planes are equal to zero.
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3. Results

The results of numerical simulations of the skin-
fold behavior under load of caliper using the above
formulated models and the finite element method
are implemented in COMSOL Multiphysics envi-
ronment is presented in the next few figures. Two
control points G and H, located in different parts of
the fold (see Fig. 2b), are selected in order to study
the skinfold behavior. The points are placed 0.5 mm
(in Fig. 2b distance a) beneath the surface of the fold.
Point G is located just below the center of the caliper
tip while point H is placed next to the tip, 1 cm (dis-
tance b) from point G (see Fig. 2b).

(a) Parametric analysis for 3D geometry

The evolution (time dependence) of tissue dis-
placement, pore pressure and pore fluid velocity for
selected model parameters (given in Table 1) are
studied. As in paper [11], the change of thickness of
the fold at two time instants (10 s and 60 s) are com-
pared to estimate the creep rate parameters. Figures 3,

e E=204[Pa]
——E=2.5e4[Pa]
an --- E=3ed[Pa]

Displacement [m]
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4 and 5 show displacements of tissue at control points G
and H as functions of time predicted by the viscoelas-
tic and poroelastic models. The level of deformation
at the point beneath the caliper tips (G) for all the
cases considered is few times larger than for the tissue
next to the tips (H).

The displacements under the tip (point G) depend
visibly on Young’s modulus while next to the tip
(point H) the dependence is less pronounced, see Fig. 3.
The slope of creep curves obtained in the case of the
viscoelastic model (Fig. 3a) is similar to that obtained
from the poroelastic model (Fig. 3b).

The plots in Fig. 4 visualize the dependence of tis-
sue displacement on factors that influence the fold’s
creep: permeability and relaxation time. The form of
time dependence of displacement predicted by both
models at the same control points are different al-
though the levels of values are comparable. The dis-
placements under the tip are about five times greater
than next to the tip.

The results obtained within the viscoelastic model
show that the rate of deformation in the observation
window is greater for lower values of relaxation time.
Given the values of relaxation time 3, 7, and 16 s the

10
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Fig. 3. Dependence of tissue displacement on time at control points G and H for the viscoelastic model (a)
and the poroelastic model (b) and selected values of Young’s modulus
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Fig. 4. Dependence of tissue displacement on time at control points G and H for the viscoelastic model (a)
and the poroelastic model (b) assuming different values of relaxation time and permeability



44

creep rate parameter as defined in [11] amounts to
0.034, 0.125, and 0.187 mm, respectively. The de-
formation process reaches equilibrium after about 22,

42 and 86 s.
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Fig. 5. Comparison of tissue displacement as a function of time
at control point G for the viscoelastic and poroelastic models
assuming different values of relaxation time and permeability
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For the poroelastic model the rate of deforma-
tion increases with the values of permeability. The
values of the creep rate for permeability 5, 15, and
45 10" mm’ are 0.117, 0.094, and 0.0062 mm, re-
spectively, and for all the cases the deformation does
not stabilize within the range of observation (60 s). At
point H the sensitivity of deformation with respect to
relaxation time is lower than with respect to perme-
ability. The effect is related to outflow of fluid from
the loaded domain to its vicinity. Higher permeability
causes that interstitial fluid flows out faster from the
tissue, therefore the material can deform easier and
the time which is necessary to reach the equilibrium
state is shorter.

For better visualization of the difference between
creep of skinfold predicted by the two models consid-
ered, displacements at point G are compared in Fig. 5.
The adopted values of parameters of stiffness ensure
comparable initial displacement of tissue for the vis-
coelastic and the poroelastic models. The permeability
and the relaxation time influence the form of the creep
curves and duration of the process. The initial high
rate of deformation of the fold is comparable for both
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=
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Fig. 6. Dependence of pore fluid pressure (a) and velocity (b)
on time at points G and H for different Young’s moduli

Time [s]

Velocity [m/s]
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Time [s]

Fig. 7. Dependence of pore pressure (a) and velocity (b)
on time for different values of permeability at control points G and H
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models. Then, the rate predicted by the poroelastic
model slows down compared to the one obtained from
the viscoelastic model. The observed behavior can be
explained by the fact that initially the pore fluid is
relatively fast squeezed out from the tissue beneath
the tips to the unloaded domain surrounding tips be-
cause the pressure gradient is high. In the second pe-
riod the pore pressure gradient becomes more homo-
geneous (this is visible in Fig. 8a) and lower while the
rate of fluid outflow from the loaded tissue slows
down.

The results shown in Fig. 6 and 7 concern para-
metric studies of the poroelastic model for changes in
pore pressure and fluid velocity under caliper tip
(point G) and next to the tip (point H) as a function of
time. Different values of Young’s modulus (£ = 2,
2.5, and 3 x 10* Pa) and identical permeability (k =
1.5 x 10" m?), Fig. 6, or constant Young’s modulus
(E =2.5 x 10" Pa) and different values of permeability
(k=15, 15 and 45 x 10'* m?), Fig. 7, are considered.

The results show significant difference of pressure
values at control points in the initial period (approx.
10 s), Fig. 6a. Because of the possibility of expansion
of tissue next to the caliper tips the pressure in this
part is much lower than under the tips, although the
distance is only 1 cm. The same effect induces that the
lower the Young’s modulus is, the lower the pressure
is observed. Within the observation time range con-
sidered the pressure dissipates almost to zero.

The changes in pore fluid velocity at control points,
see Fig. 6b, show weak dependence on Young’s

a) t=10s

49017
%7/
/

;;;;;

b) t=10s

modulus. Moreover, it is seen that the velocity ap-
proaches fast the values close to zero. The pore fluid
velocity in tissue next to the tip (point H) has longer
non-zero values and is more dependent on Young’s
modulus of tissue than the fluid velocity at point G.

The results shown in Fig. 7a and 7b refer to para-
metric studies of influence of permeability on pore
pressure and pore fluid velocity in tissue under caliper
tip (point G) and next to the tip (point H).

The lower the permeability, the higher the pore
pressure is present both under the tip (point G) and in
the vicinity (point H). This behavior is physically well
justified because of easier fluid outflow in the cases of
higher permeability. Only for the highest permeability
full dissipation of pore pressure is possible within 60 s.
The above explanation is supported by the dependence
of pore fluid velocity on tissue permeability, Fig. 7b, and
the fact that the flow becomes relatively slow for low
permeability tissue. The velocity is particularly high
in the initial time period and at point H is significantly
higher than at point G.

b) Spatial distributions for 2D geometry,
comparison with the 3D case

The longitudinal shape of the skinfold and caliper
tips is justified in spite of the simulations for 3D cases
performing calculations for 2D geometry. Then, the
infinite size of the fold and tips is assumed and simu-
lations are noticeably less time consuming. The com-
plexity of the solution for 3D geometry had significant
influence on the number of mesh elements and the

=60s [Pa

[T/s]

Fig. 8. Spatial distributions of pore pressure (a) and fluid velocity (b) for loaded skinfold (7.78 kPa)
and two time instants 10 and 60 s (poroelastic model)
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calculation time. Typically, in the 2D case the num-
ber of mesh elements was three times lower and the
calculation time ten times shorter than for the 3D
case.

Spatial distributions of pore pressure and pore
fluid velocity obtained from 2D poroelastic model for
time instants 10 and 60 s are shown in Fig. 8.

The evolution of pore pressure and fluid velocity
at control points G and H derived from 2D and 3D
cases are compared in Fig. 9. The results showing
high pore pressure for 10 s in the loaded area of tissue
indicate that initially the pore fluid takes on most of
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the load from caliper tips. The pressure is particularly
high under and in the vicinity of tips. With time the
pressure goes down and for 60 s it is approximately
three times smaller than the maximum value. The
process is related to evacuation of pore fluid from
loaded domain, which is visible on plots presenting
pore fluid velocity distributions (Fig. 8a). The pore
pressure next to the tips (point H) is initially low and
increases up to values comparable with pressure at
point G, see Fig. 9a. The process could be explained
by redistribution of pore fluid and limited deformation
of tissue matrix next to the tips.

4,0E-05

3,5E-05 —2D_pointG
=== 2D_pointH
3,0E-05 —3D_pointG|
= =3D_pointH]|
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Fig. 9. Comparison of pore pressure (a) and fluid velocity (b) at control points.
The results are obtained from 2D and 3D simulations within the poroelastic model

a) t=10s

b) t=10s

=60s

[m]

Fig. 10. Spatial distributions of tissue displacement from the viscoelastic (a)
and the poroelastic (b) models for time instants 10 and 60 s
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In Fig. 10, the distributions of tissue displacements
in direction z obtained for 10 and 60 s from the vis-
coelastic and the poroelastic 2D simulations are illus-
trated. Then, in Fig. 11, the changes in displacements
versus time at control points obtained for 2D and 3D
geometry are compared.
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measure being descriptor of tissue’s state, more sensi-
tive than the skinfold thickness, the results of our
simulations can confirm this behavior only in the case
of short relaxation time, Fig. 5. When the relaxation
time of the viscoelastic model of normal tissue
amounts to 3 s or less the creep rate predicted by the

1,0E-04

—2D_poroclastc
--- 3D_porochstic
— 2D, yviscoelstic
- =3D viscoelstic

5,0E-05
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Fig. 11. Comparison of tissue displacement at points G (a) and H (b)
for the poroelastic and the viscoelastic models

Large displacements are observed particularly in
the vicinity of the loaded region. The spatial changes
in displacement both for 10 and 60 s are less signifi-
cant for the viscoelastic model than for the poroelas-
tic model (Fig. 10). Despite the same elastic proper-
ties the model predictions for time evolution of
displacement for 2D and 3D geometry visibly diverge
(Fig. 11). The displacements at points H and G differ
by one order of magnitude.

4. Discussion

Studies of deformation of skinfold under loading
of caliper tips (Fig. 3—5) have shown that the shape of
creep curves and the creep measure assumed in [11]
which is the difference between thickness of loaded
tissue at 60 s and 10 s are sensitive to material prop-
erties of the viscoelastic and poroelastic models. The
form and rate of creep curves obtained from both
models are similar when changing the stiffness, Fig. 3.
However, when changing the permeability and re-
laxation time (factors responsible for creep) the form
of time dependence of displacement becomes differ-
ent, Fig. 4. The mechanisms of internal viscous fric-
tion of solid (included in the viscoelastic model) and
viscous interaction of pore fluid with porous solid
skeleton (included in the poroelastic model) cause
visibly different time behavior of deformation of the
skinfold. While the clinical results obtained in [11]
have shown that the creep rate can be a quantitative

poroelastic model of tissue, referred to its edematous
state, is significantly larger in comparison with the
values obtained from the viscoelastic model. When
the relaxation time is longer the creep rate appears to
be not a good indicator of edema. This may justify the
fact of limited application of the diagnostic idea pro-
posed in [11] in clinical practice. The doubts have also
found confirmation in results of relatively large set of
tests performed in [9]. It should be noticed that the
predicted differences of the forms of dependence of
deformation of skinfold on time (compare results in
Fig. 5) are not fully represented by the creep rate pa-
rameter considered and another more appropriate de-
scriptor should be searched to express the discrepan-
cies.

Although the geometry of skinfold and caliper’s
tips may suggest that 2D geometry of the problem
could be a good approximation the results of simula-
tions have proven significant quantitative differences
between predictions for 2D and 3D cases. The results
for 2D geometry, however, are useful to explain de-
tailed physical phenomena associated with the macro-
scopic response of the skinfold.

The above results and features of the models con-
sidered are significant from diagnostic viewpoint if the
models and contributing mechanisms are well recog-
nized and the range of material parameters properly
selected for the real human tissues in normal and ede-
matous state. Although in the literature (see the review
paper by Wiig and Swartz [14]) the number of factors
characterizing complex structure of the tissues are dis-
cussed, e.g., interstitial fluid content, structure of colla-
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gen and elastin fibers, structure of skin, presence or
absence of the lymphatic vessels, etc., up to date de-
tailed mechanisms responsible for the observed behav-
ior of mechanically loaded tissues (including creep) are
not fully understood and corresponding macroscopic
models not validated. Due to the deficiency of data on
human lymphedematous tissue in different pathophysi-
ological stages, such as stiffness or hydraulic conduc-
tivity, the possibilities of developing reliable simula-
tions of the tissue behavior are limited.

The results of simulations performed cannot be
compared directly to the available clinical data be-
cause due to limitation used to apply the linear models
the loads in our simulations were almost five times
lower than assumed in studies in vivo. Taking into
account the advantages of linear modeling (validity of
superposition principle) the appropriate methodology
of testing in vivo with much lower loading level
should be considered as the alternative to use the cur-
rently accepted loads and models within large defor-
mation range.

5. Conclusions

The simulations of skinfold under the load of
modified Harpenden caliper were elaborated. The
predictions of the linear viscoelastic and poroelastic
models were compared for 3D and 2D geometry. The
time evolution and spatial distributions of tissue dis-
placement, pore fluid pressure and pore fluid velocity
were analyzed.

The results of parametric studies show that the form
of creep curves and the creep rate predicted by the
models considered depend on tissue’s stiffness and
factors responsible for internal friction (relaxation time
or permeability). In the light of the simulations the
creep rate parameter defined in [11] appeared to have
limited value as the indicator of edema. This is only
possible in cases when normal tissues described within
the viscoelastic model have very short relaxation time.
The viscoelastic model does not deliver explanation of
specific creep behavior while the same effects seen in
terms of the poroelastic model of tissue can be better
physically understood taking into account the pore fluid
displacement and pressure dissipation. The discrepan-
cies of predictions for 2D and 3D models are signifi-
cant and this means that the former one can be only
a rough approximation of the process considered.

The understanding of the hydro-mechanical be-
havior of edematous tissue of skinfold under load can
be used in the development of testing methodology

and measuring devices. The size and shape of cali-
per’s tips, the time of observations and other parame-
ters could be optimized. Further modeling studies of
the skinfold creep should incorporate large deforma-
tion range and loads corresponding to the values ap-
plied in diagnostic tests.
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