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Purpose: The aim of the work was to create an appropriate substrate for organ transplantation using bioactive tissue-based scaffold
populated by cells of the graft recipient. The purpose of the modeling was to investigate the mechanical effects of wave loading of aortic
and pulmonary tissue material. Methods: The biological properties of tissues of aortic and pulmonary valves were modified by the proc-
ess of decellularization. The host cells were removed by various physical methods with focus on minimal degradation of the extracellular
matrix. Thus, the decellularization process was controlled by histological methods. The tissue decellularization process was simulated by
finite element modelling. Results: The mechanical results represented by a displacement at the center of the sample were coherent and
the heterogeneity of the distribution of the caves on the surface of the samples was confirmed, both by experiment and in the simulation
by the alternate occurrence of local minima and maxima. The latter results from the uneven removal of cells from the effect of the wave
causing decellularization were also predicted by the numerical model. Laser radiation had a destructive effect on the components of
the extracellular matrix (e.g., collagen and elastic fibers), mainly depending on the fluence and number of pulses in a single exposure.
Conclusions: The differences between the valve tissue materials were shown, and the impact of the process of decellularization on the
properties of the tissues was analyzed. It should be emphasized that due to low absorption and high scattering, laser radiation can deeply
penetrate the tissue, which allows for effective decellularization process in the entire volume of irradiated tissue.
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1. Introduction

Currently available prosthetic heart valves are suc-
cessfully used clinically, but they have many limita-
tions. Degenerative processes and calcification have
a great effect on the durability of biological prostheses
[9], [1]. Despite the fact that mechanical prostheses
have a longer life, valves of this type require long-
term anticoagulant treatment [11], [19].

Ionizing radiation passing through a material object,
even alive, is absorbed and transfers its energy [22].
The absorbed dose is a measure of ionizing radiation
absorption. The biological effects of ionizing radiation
depend not only on the absorbed dose, but also on the
type of radiation, the organ that has been irradiated
and the type of tissue. The effect of the type of radia-
tion depends on the dose equivalent. Each tissue or
organ displays a different sensitivity to the same dose
equivalent. Ionizing radiation can also affect many
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processes that take place in a single cell and, there-
fore, the effect of radiation is largely dependent on
cell’s activity. This activity is determined by expres-
sion of the genes it contains, its tendency to mutate
and its microenvironment, including growth factors,
cytokines, nutrients surrounding the cells, and extra-
cellular matrix to which the cells adhere. Ionizing
radiation can initiate processes within the nucleus, the
cell membrane, and the cytoplasm, although DNA is
the most important biological target [10]. Ionizing
radiation can interact directly or indirectly with DNA,
inducing production of highly reactive OH• radicals
which can diffuse into the DNA and initiate its damage
response. The process of cell death also can be induced
by cell membrane stress, leading to oxidation and
modification of lipids which serve as second messen-
gers, switching on DNA damage-independent apoptotic
pathways. Ionizing radiation can also induce prema-
ture mitosis before completion of the S and G2 phases
by the cell, resulting in the so-called mitotic catas-
trophe which is another form of cell death associated
with radiation [16].

Ionizing radiation interacts with matter by de-
positing energy in the disk (DNA) structure in
10–19–10–14 seconds. The cell’s honeycomb contains
over 200 cm of DNA, laid in helically rolled chroma-
tin fibers (DNA + protein). The human genome con-
tains about 30 000 genes that make up about 1% of
the DNA. The remaining part of the DNA consists of
non-coding sequences [4]. The critical volume of the
disk when the energy reaches the critical value and the
radiation losses are equal to the ionization losses is
assumed to be about 10 nm in diameter, including the
section of the DNA molecule and the distance of ra-
dial diffusion [3]. The genome is characterized by
inhomogeneous radiation sensitivity [6], [5]. It is be-
lieved that only damage to certain sites in the DNA
(coding sequences) can lead to lethal cell damage. The
part of the genome located on the inside of the nuclear
membrane within the nuclear stroma, where there are
DNA strands undergoing replication and transcription,
is thought to be the most sensitive. At this point, the
DNA is exposed, i.e., free of histone proteins [2], [14].

Although the energy absorption in the critical vol-
ume of the biological target that leads to DNA breaks

is the same in all cells, (about 30 eV), the biological
effect depends on a series of chemical reactions that
can reduce or increase the effectiveness of radiation
and induce different cell activities, and thus influence
the probability of the radiation interacting with the
DNA molecule.

Radiation-induced changes in the cell that are un-
repairable and lead to its death are called lethal condi-
tions [21], although the cell detachment by the laser
light could also influence on the key protein degrada-
tion which are responsible for the appropriate physical
properties of the tissue [20]. This paper analyzes the
impact of laser radiation on heart valve tissue with
a numerical-mechanical interpretation of this phe-
nomenon. Laser radiation was chosen with the aim of
activating programmable cell death in the tissue to
induce decellularization. The goal was not only to
analyze and induce the process itself, but to develop
a method that is not yet available in clinical use.

2. Materials and methods

The hearts of pigs were collected from adult ani-
mals weighing about 70 kg to 80 kg. Experimental
hearts were placed in sterile containers in Ringer’s
solution (Solutio Ringeri, FRESENIUS KABI) and
transported on ice to the laboratory in less than 1 hour.
The pulmonary and aortic valves, with the initial seg-
ment of pulmonary trunk and aorta, respectively, were
removed from each heart. Samples were rinsed with
Ringer’s solution to remove blood and incubated
for 24 hours at 4 °C in an antibiotic bath containing
1% penicillin/streptomycin (Gibco), 0.1% Ciprinol
(Krka), and 0.2% Mycomax (Zentiva) dissolved in
1000 ml of Ringer’s solution.

To remove cells from the tissue, the technique of
direct exposure to laser radiation was applied. The
idea of using a laser beam to remove cells from tissue
is based on the assumptions of radiation therapy and
the interaction of radiation with the material. All ex-
perimental studies were carried out in the setup shown
schematically in Fig. 1. The laser radiation at wave-
length of 1064 nm, emitted by Q-switched Nd:YAG

Fig. 1. Experimental setup
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oscillator was entered into two-stage laser amplifier and
then, it was directed directly to the sample surface or
through the second harmonic module, where it was con-
verted into radiation at 532 nm. The measured diameter
of the laser beam incident on the tissue was about 7 mm
for the case of fundamental radiation at 1064 nm and
8.5 mm for second harmonic at 532 nm. It should be
noted that the energy distribution in the cross-section of
the beam was very closed to Gaussian pattern.

The Faraday isolator placed at the output of the
oscillator was to protect the system against excitation
of free generation as a result of coupling of totally
reflecting mirror in the oscillator with any surface on
pathway of laser radiation to the sample. Half-wave
plate allowed, in turn, for the control of the polariza-
tion state of radiation on the sample.

The following parameters of the laser beam were
proposed for application on the tissue (Table 1). In
order to check whether there was no heat accumula-
tion effect at repetition rate of 5 Hz, in some cases, we
performed additional tissue irradiation with the same
pulse energy, but with reduced repetition rate to 1 Hz.
The obtained results were very similar in both cases,
which indicated that there was no significant heat ac-
cumulation. The material, after laser irradiation, was
rinsed in physiological saline and then placed in a con-
tainer with 4% buffered paraformaldehyde.

Table 1. Specimen irradiation parameters

Wavelength
[nm]

Beam
diameter

[mm]

Pulse
energy
[mJ]

Energy
density
[J·cm–2]

Repetition
rate
[Hz]

No.
of

pulses
1 100
5 10
5 50
5 100
5 200

65 0.169

5 500
5 10
5 50
1 100
5 100
1 200
5 200

1064 7

32 0.083

5 500
1 100
5 10
5 50
5 100

62 0.109

5 200
5 500
5 200
1 100
5 100
5 10

532 8.5

32 0.056

5 50

The decellularization process can be induced by
chemical and physical factors. The physical factor can
be an acoustic wave or laser light. There are some
examples of the use of both physical factors in medi-
cine [8], [18], as well as examples of their simula-
tions, and the application of acoustic waves in medi-
cine using the FEM (finite element method) [18]. In
the case of FEM models, in which the factor that loads
the material is a wave, the size of the finite element
and the length of the time step should be properly
matched and appropriately selected by analyzing the
wavelength and its period.

The purpose of modeling as a part of this paper
was to investigate the mechanical effects of wave
loading on the heart valve tissue material. Thus, a nu-
merical model of the experiment was developed,
mapping its main components and mechanical condi-
tions. In the experiment, the sample was irradiated
with laser pulses of 32 mJ or 62 mJ in energy for the
beam diameter of 8.5 mm in the case of second har-
monic, and 32 mJ or 65 mJ for the diameter equal to
7 mm in the case of fundamental radiation (Table 1).
In the simulation, a case with maximum energy den-
sity, for the highest pulse energy of 65 mJ and beam
diameter of 7 mm, was used for sample loading. The
mechanical effect of laser radiation interaction with
the material of the heart valve tissue is the maximum
for these sample loading conditions and this was con-
firmed in the test simulations. The radial energy den-
sity variation of the laser beam is described by the
Gaussian function:

⎥
⎦

⎤
⎢
⎣

⎡−
= 2

2

2
2exp2)(
w

r
w
ErI

π
, (1)

where E is the pulse energy contained in the entire
beam, w is the spot size and r is the beam radius.

Therefore, the sample loading in the simulation is as
per the function described in Eq. (1) in which the energy
density depends exponentially on the radius of the beam.

The sample in the experiment lies motionless on
the substrate, and the contact between the sample and
the substrate can be determined by adhesive forces.
The contact between the sample and the substrate was
determined using a friction model, and the friction
coefficient was assumed to be 0.1 in the simulation.
The substrate on which the sample lies is immobilized
from the bottom in the simulation, while the edges of
the sample remain free. The models of the sample and
substrate also take into account the load of the system
by the force of gravity. Thus, the boundary conditions
used in the simulation correspond exactly to the ex-
perimental conditions.
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The 3D FEM model of the sample and substrate,
in which the sample is loaded by the mechanical wave
at its center point from the top (focus of the wave),
was developed in the Abaqus 6.14–5 software and
8-node, linear brick, FE were used to build the model.
As in the experiment, a rectangular sample with di-
mensions of 20 × 20 × 0.5 mm was developed. The
dimensions of the substrate in the model can be defined
as infinite in each direction. However, the simulation
includes a finite solid model of the substrate but as it
significantly exceeds the sample size, the above as-
sumption is still met.

In the simulation, FEM models of the samples
were generated for the materials of the pulmonary and
aortic valve tissues, whose mechanical properties were
identified on the basis of the uniaxial tensile test re-
sults [21]. The tensile test results show the elastic and
plastic properties of the heart tissues; the elastic range
is very wide and the plastic range is very narrow. The
determined elastic properties of tissues are: Young’s
modulus equal to 11.68 MPa for the pulmonary valve
and 17.95 MPa for the aortic valve, and Poisson’s
ratio equal to 0.5 for both models of valve tissue sam-
ples. The elastic properties of the substrate material
are: Young’s modulus of 300 GPa and Poisson’s ratio
of 0.3. The same type of FE mesh elements are gener-
ated for the substrate and the sample, and the FE
meshes formed have similar density.

Two simulations were performed, one for the aortic
valve sample model and one for the pulmonary valve
sample model, using maximum load. Explicit dynamic
analysis was applied in the simulations [13]. Each
simulation required about 200 iterations. The average
computing time for each simulation was about five
hours using multiple processors on a standard PC.

The efficiency of cell debridement was verified by
immunofluorescence staining involving the staining of
cell nuclei. The cell nuclei, after permeabilization, were
labeled with a 4′, 6-diamidino-2-phenylindole dye, an
organic, aromatic, heterocyclic compound, an amine
that binds to DNA, and a highly fluorescent dye. The
tests were performed using Exciter 5, a confocal laser
scanning microscope.

The effect of the laser beam on tissue, and in par-
ticular on changing the amount of genetic material,
was analyzed on a molecular scale using quantitative
polymerase chain reaction (qPCR) analysis. Small
(10–200 ng) amounts of genomic DNA are needed for
the study and the population of analyzed particles is
very homogeneous. Experimental formaldehyde-fixed
specimens of aortic valvular rings and semilunar valves
(approx. 100 mg) were weighted and minced using
a disposable surgical blade and added 10 pg PGEM

plasmid (Applied Biosystems, Foster City, CA) as
a internal standard. Total cellular DNA was extracted
using a commercial kit (Sherlock AX, A&A Biotech-
nology, Gdynia, Poland), which is based on proteinase
K digestion and ion-exchange minicolumn purifica-
tion. The eluent was precipitated and re-dissolved in
30 μl TRIS-EDTA buffer 10/1 mM. Amplification of
porcine (Sus scrofa domestica) mitochondrial 16S rRNA
gene was done using primers: 5’-GCC TGT TTA
CCA AAA ACA TCA (forward) and 5’-CTC CAT
AGG GTC TTC TCG TCT T (reverse) resulting in
243 base pairs product. A hot-start commercial Sybr
Green PCR Master Mix was used for real-time ampli-
fication in 7900 HT thermal cycler (Applied Biosys-
tems). Reaction was conducted in 20 μl volume using
4 μl of extracted DNA. All samples were measured
simultaneously in a single 96-well plate in duplicates.
Results were presented as cycle threshold denoting the
thermal cycle, at which tracer dye exceeded arbitrary
fluorescence level, corrected for DNA extraction effi-
ciency by a cycle treshold of PGEM amplification
using a conventional M13 primer pair. This value
shows an excellent negative correlation with a loga-
rithm of initial concentration of the template DNA.

The samples for microscopic examination, fol-
lowing standard histological techniques, were fixed
for 24 hours in 4% buffered paraformaldehyde, dehy-
drated with increasing concentrations of alcohol, em-
bedded with paraffin and cut into 6 µm thick sections
using a microtome. Deparaffinized sections were then
stained with hematoxylin and eosin to determine the
preservation of the general histological structure and
to evaluate the efficiency of cell debridement. Addi-
tionally, staining was used to assess preservation of
the vascular elastic elements.

The specimens were examined under an Olympus
IX83 light microscope. Images were collected and mor-
phometric analysis was carried out using the DP-73
digital CCD camera (Olympus, Japan) and the CellSens
Dimension (Olympus, Japan) image analysis system.

3. Discussion

In the presentation of results obtained from the
FE models of wave-loaded aortic and pulmonary
samples and substrates, the results calculated for the
FE model of substrates were not considered, as the
experiment also did not examine the impact of the load
on the substrate material. The FE model of the sub-
strate was introduced to correctly represent the
boundary conditions for the FE models of the tissue
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samples. The biomechanical properties of aortic and
pulmonary valve tissues can be modified by the pro-
cess of decellularization and are shown in the present
section. The decellularization process of the heart

valve tissue also results in changes in the hydrody-
namic properties of the valves which are not dis-
cussed in this paper but shown for example purposes
in literature [7].

(a)     (b) 

Fig. 2. Distributions of von Mises stress (MPa) for: (a) aortic, b) pulmonary valve models (top view)

(a)     (b) 

Fig. 3. Distributions of maximum principal strain for: (a) aortic, (b) pulmonary valve models (top view)

(a)     (b)

Fig. 4. Distributions of Z-displacement (mm) for: (a) aortic, (b) pulmonary valve models (top view)
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The simulation results are obtained for two models
of tissue samples loaded by the same distribution of
maximum energy density and gravity. The results are
presented as distributions of von Mises stress, maxi-
mum principal strain and displacement in the Z direc-
tion which is the direction of wave-loading and grav-
ity (Figs. 2–4) in the last calculation step of each
simulation on the surface of the sample model.

For the aortic valve model in the last calculation
step of the simulation, the maximum von Mises stress
of 62.9 kPa occurs at the center of the model and has
several maxima in an area of 4 × 4 mm (Fig. 2a).
However, the maximum principal strain has one
maximum in an area of 1 × 1 mm at the center of
model and it is equal to 0.0159 (Fig. 3a). The dis-
placement in the Z direction has one minimum at the
center of the model equal to 0.0154 mm in an area of
1 × 1 mm, and has several maxima in an area of 6 ×
6 mm which surrounds the minimum (Fig. 4a).

For the pulmonary valve model in the last calcula-
tion step of the simulation, the maximum von Mises
stress of 93.44 kPa occurs at the center of the model and
has several maxima in an area of 4 × 4 mm (Fig. 2b).
The maximum principal strain has one main maxi-
mum in an area of 1 × 1 mm at the center of model
and it is equal to 0.03 (Fig. 3b). There are also two
local minima on the main axis of the sample (along
the X direction) near the edge of the sample. The dis-
placement in the Z direction has one minimum at the
center of the model equal to 0.31 mm in an area of
1 × 1 mm, and has several maxima in an area of 3 mm
× 6 mm which surrounds the minimum (Fig. 4b).

In Figure 5, the change in Z displacement with
distance from the center of each sample in the last
computational step for both valves is shown. The dis-

tance is measured from the center of the sample to its
right edge along a straight line, and the data is col-
lected from the nodes of FE elements on this straight
line. The graph shown in Fig. 5 corresponds to the
data shown in Fig. 4, in which the Z displacement
distribution is shown for the entire surface of the sam-
ples for both valves.

A comparison of computed strains, stresses and
Z-displacements at the center of the models shows that
the biggest differences occur between the values of
strains and displacements for both models, whereas
the values of stresses observed in the models differ by
the smallest percentage. The largest values of von
Mises stress, maximum principal strain and displace-
ments are computed for the pulmonary valve tissue
which is a less elastic material than the aortic valve
tissue. The mechanical properties of both tissues are
presented in Chapter 2 along with simulation pa-
rameters.

As a result of wave influence on the surface of the
model, a cavity is formed and the wave propagates
over the entire surface. The experimental observations
of the effects of the wave on the surface of the sam-
ples are analogous, and the dimensions of the cavity
are also same.

The maximum stresses obtained in the model after
the application of a load in the form of a wave of
a given amplitude were 0.063 MPa in the aortic valve
material and 0.093 MPa in the pulmonary valve mate-
rial. In the literature, the highest ultimate tensile
strength of the aorta is reported to be in the range of
0.3–0.8 MPa [12]. However, stretched elastin fiber
taken from the aorta has the highest tensile strength of
1.5 MPa. In the literature, elastin properties have also
been studied as a function of the preparation and stor-

Fig. 5. Z-displacement versus distance from the center of the specimen for the tissue of aortic and pulmonary valves
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age conditions of elastin fibers [20], [15]. This ap-
proach results in providing a wider range of critical
stresses which can range from 0.2 to 2.9 MPa [15],
[17]. Thus, the values obtained at the modeling stage
in this work are not critical for elastin fibers, com-
pared with literature data. It should be noted that, in
the literature, the fibers are subjected to tension, while
in the present work the entire sample is subjected to
compression and the models do not take into account
the anisotropy of mechanical properties.

The results of the numerical analysis of the me-
chanical effect of the wave causing decellularization

were verified experimentally. The topography of the
areas of the tissue which interacted with the laser beam
was examined with a digital microscope (Fig. 6). Fig-
ure 6a represents the surface of the tested tissue
– snap shot in XY plane. Figure 6b represents the
surface of the tested tissue – height map in XY plane
and colored Z scale indication. Fig. 6c shows the
surface of the tested tissue – profile in XZ direction.
The strongest effect was observed at 532 nm wave-
length and 32 mJ of energy. Tissue tests showed
deflections in line with predictions obtained by nu-
merical analysis.

(a)     (b) 

(c) 

Fig. 6. Topography [μm] of aortic valve models for: (a) surface, (b) height map, (c) profile

(a)   (b)   (c) 

Fig. 7. Distributions of the 6-diamidino-2-phenylindole dye (DAPI)-stained nuclei analyzed by confocal microscopy for:
(a) native tissue, (b) 200 pulses, (c) 500 pulses
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Investigation of the number of nuclei remaining in
the tissue searched for the tissue in which the strong-
est deflection effect, resulting from interaction with
the laser beam, was observed. Fluorescence analyses
were carried out for tissue exposure to 200 and 500
laser pulses. The results of the tests are shown in
Fig. 7.

Analysis of the optical cross-section of the tissue
allowed the estimation of possible voids associated with
the elimination of cell nuclei from the tissue (Fig. 8). As
shown by cross-sectional analysis, voids were found
at the cumulative locations of the interfering laser
beam. The visible effect of eliminating cells from
tissue is not uniform. The heterogeneity of the distri-
bution of the caves on the surface of the samples was
also confirmed in the simulation by the alternate oc-
currence of local minima and maxima of strain and
stress. The latter observation also results from the
uneven removal of cells from the surface of the sam-
ples as was proved earlier.

Fig. 8. Optical immunofluorescent X–Y cross-section
of the DAPI-stained decellularized tissue

Fig. 9. Energy density influence on the threshold cycle

The influence of energy density on change thresh-
old cycle Ct was tested. The results are presented in
Fig. 9. The reduction of energy does not affect the re-
duction of the amount of genetic material in the exam-
ined tissue sample. The reduction in DNA is visible for
high energy densities. Selected laser parameters were
used to analyze the impact of the number of pulses on
the amount of genetic material (Fig. 10).

Fig. 10. Energy density and the repetition influence
on the threshold cycle

Total cell removal was not achieved in any irradi-
ated material. The persistent cells showed signs of
subtle, moderate or significant damage, as indicated
by their substantial deformations and/or cytoplasmic
condensations, as well as deformation or pycnotiza-
tion of their nuclei. When compared with the native
tissue (Fig. 11), the irradiated material revealed some
changes in the organization of the extracellular substance
including stromal edema, reduction in collagen and elas-
tic fiber crosslinks with disorganization and/or fragmen-
tation of fibrous elements. These changes had different
degrees of severity and spread (Figs. 12 and 13), from
small, focal lesions to significant disorganization oc-
cupying a large area of the arterial media. In some
cases, particularly in pulmonary artery samples, sig-
nificant disintegration and weakening of the stroma
resulted in the occurrence of focal, single or multiple
stromal tears which could have been formed during
the sectioning of the tissue material (Fig. 13).

The goal of this work was to create a fully func-
tional tissue. Aortic valves of animal origin were utilized
in this study. The host cells were removed (decellular-
ized) by physical means using laser light irradiation.
The mechanical results represented by displacement at
the center of the sample were coherent and the hetero-
geneity of the distribution of the caves on the surface
of the samples was confirmed, both by experiment
and in the simulation by the alternate occurrence of
local minima and maxima. The latter results from the

Energy density J/cm2

Energy density J/cm2
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(a)      (b) 

Fig. 11. Micrographs of the wall of native aorta showing: (a) regular distribution and parallel alignment of cells (HE staining),
(b) wavy course and parallel arrangement of elastic lamellae with thinner elastic fibers between them (orcein staining)

(a)    (b)    (c) 

Fig. 12. Micrographs of the aortic walls subjected to ablation procedure demonstrating:
(a) minor stromal edema and cell deformation, (b) significant stromal injury with partial cell loss,

(c) reduction of crosslinks and partial fragmentation of elastic elements stained with orcein

(a)     (b)    (c) 

Fig. 13. Micrographs of the pulmonary artery walls subjected to ablation with different degrees of stroma injury:
(a) swelling of the more superficial part of the media with partial disorganization of both cellular and non-cellular elements,

(b) significant structural disorganization seen in the whole thickness of the wall,
(c) focal stromal tears and fragmentation of elastic elements stained with orcein
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uneven removal of cells from the effect of the wave
causing decellularization were also predicted by the
numerical model. The purpose was to eliminate cells
without degradation of the extracellular matrix. Gen-
eration of the controlled process by induced mutations
in the cell’s DNA leads to the decellularization proc-
ess. It should have triggered the activation of proteins
responsible for controlling the correctness of the ge-
netic code and directed the cells to the programmable
death pathway. During the cell cycle, the checkpoint
protein cascade activation should lead to eliminating
defective cells by directing them to the programmable
death pathway. These methods differ in their effec-
tiveness from the conventional chemical method. Laser
radiation had a destructive effect on the components
of the extracellular matrix (e.g., collagen and elastic
fibers), mainly depending on the fluence and number
of pulses in a single exposure. Thus, the decellulari-
zation process was controlled by histological methods.
It should be emphasized that due to low absorption and
high scattering, laser radiation can deeply penetrate
the tissue, which allows for effective decellularization
process in the entire volume of irradiated tissue.

It was found that physical methods (laser radia-
tion) were an alternative to chemical methods. Physi-
cal methods do not dissolve the tissue in case of long-
term depigmentation. For certain laser radiation pa-
rameters, the matrix fibers were destroyed. Choosing
the right pulse energy, repetition rate and wavelength
will eliminate this. Chemical techniques are effective
and refined. It is not possible to carry out the process
of chemical accreditation without a compromise re-
lated to the thickness of the tissue. These methods
work well for tissues with homogeneous thicknesses.
In the case of surrogates, where the tissue has a het-
erogeneous thickness, it is necessary to use other al-
ternative techniques.

4. Conclusions

Physical methods can be an alternative to chemical
methods to create a fully functional tissue. The host
cells were removed by physical means using laser
light irradiation. The purpose was to eliminate cells
without degradation of the extracellular matrix.
Generation of the controlled process by induced mu-
tations in the cells’ DNA leads to the decellularization
process.

Laser radiation had a destructive effect on the
components of the extracellular matrix (e.g., collagen
and elastic fibers), mainly depending on the fluence

and number of pulses in a single exposure. The differ-
ences between the valve tissue materials were shown,
and the impact of the process of decellularization on
the properties of the tissues analyzed. Thus, the de-
cellularization process was controlled by histological
methods.

Due to low absorption and high scattering, laser
radiation can deeply penetrate the tissue, which allows
for effective decellularization process in the entire
volume of irradiated tissue.

The mechanical results represented by displace-
ment at the center of the sample were coherent and the
heterogeneity of the distribution of the caves on the
surface of the samples was confirmed, both by ex-
periment and in the simulation by the alternate occur-
rence of local minima and maxima. The latter results
from the uneven removal of cells from the effect of
the wave causing decellularization were also predicted
by the numerical model.
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