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INTRODUCTION

The trachea is a unique part of the conducting airways,
and it consists of 18 to 22 distinct C-shaped cartilaginous

rings. These rings are completed by smooth muscles in the

Background: The tracheal cartilage plays an important role in maintaining the
mechanical stability of the trachea, as it keeps the trachea open and prevents its
collapse under the negative pressures of the respiratory cycle. This study aimed
to evaluate and compare the mechanical properties of cartilage specimens from
the cranial and caudal regions of the human trachea and compare the results
with respect to age and sex of the subjects.

Materials and Methods: After obtaining human trachea samples from brain-
dead, organ-donating patients and storing them in appropriate conditions, the
prepared cartilage samples from the cranial and caudal regions of the trachea
were subjected to uniaxial tension and stress relaxation experiments to obtain
the corresponding Young’s modulus and relaxation percentage values,
respectively. The results were compared in terms of the position (cranial or
caudal) in the trachea, and age and sex of the patients.

Results: Based on the results, no statistically significant effect of the position in
the trachea on the Young’'s modulus of the human tracheal cartilage samples
was observed, despite the generally stiffer behavior of cartilage samples from
the cranial region compared to those from the caudal region of the trachea. For
both the cranial and caudal regions, no significant effect of sex on the stiffness
of the tracheal cartilage was observed; further, the cartilage samples of the
human trachea (from both cranial and caudal regions) of the old subjects were
significantly stiffer than those of the young subjects. Based on the stress
relaxation data, no significant effect of age, sex, or position on the relaxation
percentage was observed.

Conclusion: The tracheal cartilage samples of the old patients are significantly
stiffer than those of the young patients. Sex and position in the trachea (cranial
vs caudal) do not significantly influence the mechanical properties of the
human tracheal cartilage samples. The results of this study can be useful in
designing tracheal tissue-engineered scaffolds, which should be mechanically
compatible with the native trachea.
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posterior region of the trachea, and the spaces between
them are composed of connective tissue (1,2).
The tracheal cartilage plays a crucial role in the

mechanical function of the trachea, which directly affects
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its physiological respiratory function. The cartilaginous
parts are the stiffest tracheal constituents and they keep the
lumen of the trachea open even during negative pressures,
hence inhibiting tracheal collapse and air flow limitation
3).

As a result of different pathological conditions, the
stiffness of the tracheal wall is weakened or the free
diameter of the lumen for air flow is reduced; breathing
problems can therefore occur (4). Tracheal tissue
engineering proposes to treat an injured trachea using cells
and scaffolds, which should mechanically resemble the
native trachea, and thus be able to function appropriately
under normal respiratory conditions in vivo (5). Therefore,
a proper knowledge of the mechanical properties of the
native tracheal tissues, particularly the tracheal cartilage, is
of great importance for the future success of tracheal tissue
engineering.

The elastic behavior of the tracheal cartilage has been
previously assessed and it has been considered as a linear
(3,6,7) or non-linear (2,4, 8,9-12) elastic material. The
stress-strain behavior of the cartilaginous rings of a single
trachea has been reported to vary along its longitudinal
axis (10), a finding that was limited by the insufficient
number of the studied subjects. In addition, the simulated
collapsibility of the trachea has been reported to differ in
the cranial and caudal regions of the trachea as a result of
the different geometries of the cartilage rings in such
positions (6,13).

Previous studies on the viscoelastic properties of the
human trachea have either considered this organ in general
to examine the time-dependent “tube law” of the trachea
(pressure-volume relationship) (14,15) or have focused on
the tracheal mucus (16-18). However, to our knowledge,
the viscoelastic behavior of the human tracheal cartilage
has not been well studied.

The cranial and caudal parts of the trachea differ in
their anatomical and mechanical conditions. The cranial
region of the trachea, which is close to the cricoid cartilage
and the inferior margin of the larynx, is outside the chest

space; therefore, it does not experience the existing

negative pressure. Conversely, the caudal part that rests
above the tracheal bifurcation is subjected to the negative
pressure in the chest (19).

In the major bronchi, the cartilage is still present,
although in a more random organization. The cartilaginous
content of the tracheal wall further decreases downwards,
such that in the peripheral airways with diameters of
approximately 1 mm, cartilaginous regions are no longer
present (20).

To assess the variation of the mechanical properties of
the tracheal cartilage along the longitudinal axis of the
trachea better, this study aimed at comparing the elastic
and relaxation behaviors of cartilage samples from the
cranial and caudal regions of the human trachea and the

results in terms of sex and age of the subjects.

MATERIALS AND METHODS

In the present study, tracheal cartilage specimens from
the cranial and caudal regions of the trachea were
prepared and exposed to uniaxial tension or stress
relaxation tests to obtain stress-strain or stress-time data
and subsequently calculate the Young's modulus and
relaxation percentage values, respectively, after isolating
the samples of the human trachea from brain-dead and
organ-donating patients and storing them in suitable
conditions. The results were compared in terms of the
position (cranial or caudal) in the trachea and age and sex
of the subjects (13 young subjects: eight men and five
women; and 17 old subjects: 10 men and seven women).
The mean age of the young (aged 18 to 36 years) and old
(aged 49 to 65 years) subjects was 26.54+6.45 and
55.88+6.29 years, respectively.
Sample preparation

The present study was approved by the Ethics
Committee of Masih Daneshvari Hospital (ethics code of
sbmul.rec.1393.73). After obtaining informed consent from
the family members of the brain-dead patients, 30 samples
of human trachea were isolated from these organ-donating
patients, who had with no airway problem. Each isolated

tracheal sample was immediately transferred to a container
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with a physiologic saline solution (as an appropriate
preservation solution (21)), and then stored at -20°C to
minimize the risk of tissue deterioration (7,10,22). Each
trachea was thawed before mechanical testing by placing
in the refrigerator at 4°C, 24 hours prior to the experiments,
and in an ambient temperature, 3 hours before the
mechanical tests. The tracheal cartilage samples were cut
into desired dimensions for testing. To minimize the effects
of curvature on the results and provide uniaxial tension
conditions, only the central and straight region of each
cartilaginous sample was utilized for the experiments (10).
The average initial length (Lo) of the tracheal cartilage
specimens was 3.87£1.69 mm.

Mechanical tests

Mechanical tests on the human tracheal cartilage
samples were performed at room temperature using a
Zwick/Roell testing machine (Zwick/Roell GmbH, Ulm,
Germany). Sandpaper pieces were placed between the
specimen and the fixtures to prevent sliding of the
specimen during the tensile test.

Each cartilage specimen was first subjected to a
preconditioning step (6 loading/unloading cycles with a
strain rate of 0.1 mm/min and a maximum strain level of
1%) to obtain repeatable results (2) and uniaxial tension
thereafter (with a 0.5 mm/min strain rate until sample
failure or stress relaxation by applying a constant strain
amplitude of 10% on the sample and then allowing it to
relax over 300 s). A physiologic saline solution was used to
moisturize the specimens during mechanical testing.

In the tensile tests, the force displacement data
recorded by the tensile machine were converted to stress-

strain data using the following equations:

£ = Equation 1

Equation 2

where AL and F represent the displacement and tensile

force, respectively; o represents stress; € represents strain;

Safshekan F, etal. 109

and finally, Ao and Lo represent the initial cross section
area and length of the specimen, respectively.

The Young's modulus (E), also known as elastic
modulus, which defines the relationship between stress (o)
and strain (g) in a linear elastic material, can be calculated
using the following equation:

E=2

2
For the stress relaxation experiments, the force-time

Equation 3

data obtained were converted to stress-time data using
Equation 2. Thereafter, the relaxation percentage of each
specimen was calculated using the following equation:

Rel% = (0. peim - T . Equation 4

al— 51:,';.::';':'.’.;'.":':.:.1."!:I-"'.IJ:'F!:'.*:':.
where Rel% represents the relaxation percentage; Oinitial
represents the initial stress magnitude in response to the
application of the constant strain of 10% on the sample at
the beginning of the relaxation test; and Oequilibrium
represents the final and equilibrium stress level after
relaxation over 300 s.
Statistical analysis

All statistical analyses were performed using the SPSS
16.0 software. To compare the results, the normal
distribution of the data was first checked using the
Shapiro-Wilk test, which resulted in P values greater than
0.05 (The null-hypothesis of this test is that the population
is normally distributed).

Thereafter, the f-test and three-factor ANOVA analysis
were performed to compare the experimental results
obtained from the tracheal cartilage samples with respect
to the position in the trachea (cranial vs caudal), and age

and sex of the subjects, with the significance level set at

0.05. All data were presented as means+SDs.

RESULTS
Mechanical tests

Using Equations 1 and 2, the force-displacement and
force-time data from the tensile and stress relaxation
experiments were converted to stress-strain and stress-time
data, respectively. Figure 1 illustrates a cartilage sample

subjected to mechanical testing along with typical stress-
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strain and stress-time curves obtained for the tracheal

cartilage of a 36-year-old subject.
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Figure 1. (A) A sample of human tracheal cartilage under mechanical testing,
and typical (B) stress-strain and (C) stress-time curves for tracheal cartilage
sample of a 36 year-old male subject.

Although the majority of the cartilage samples could
experience strains up to 40% to 50% (as illustrated in
Figure 1 for a typical sample), with the aim of taking all
samples into account, averaging was conducted until a
strain of 20% was reached, which fully covers the
physiologic range of tracheal cartilage deformation (less

than 5% of strain (23)).

Effects of position, age, and sex on the tracheal cartilage
mechanics
Stress-strain data

After verification of the normality of data distribution,
the three-way ANOVA was used to assess the effects of
position in the trachea, sex, and age on the stiffness and
relaxation percentage of the cartilage samples. Based on
the results, there was no statistically significant three-way
interaction among position, age, and sex (P=0.636,
F=0.238). Furthermore, there was no significant two-way
interaction among the different pairs of factors (agexsex:
F=0.123, P=0.733; agexposition: F=0.080, P=0.989;
sexxposition: F=0.067, P=0.801).

With respect to position in the trachea, Figure 2
illustrates the average curves corresponding to the
cartilaginous samples from the cranial and caudal regions
of the human trachea. Despite the generally stiffer behavior
of the cartilage samples from the cranial region than that
from the caudal part of the trachea, no statistically
significant difference was observed (P=0.146); hence, the
position of the trachea did not have a significant effect on
the Young’s modulus of the human tracheal cartilage

samples (Table 1).

Table 1. The results of Young's modulus values for tracheal cartilage, in terms of
age, gender and position in trachea (cranial vs. caudal).

Factor Group Young's modulus F value P value
Young 12.178+1.265
A 0.022 0.004
9 old 20.540::1.840
Female 16.227+1.623
.084 .
Gender e 16.4911.534 0.08 0.908
Cranial 18.119+1.538
Positi 2.486 0.146
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Figure 2. Average stress-strain curves corresponding to the cartilaginous
samples from the cranial and caudal regions of the human trachea. No significant
difference between the two groups is observed (P=0.146).

The stress-strain curves corresponding to the cranial
and caudal regions of the trachea are compared in terms of
age and sex as illustrated in Figure 3. As shown in this
figure, no significant effect of sex on the stiffness of the

tracheal cartilage is observed (P=0.908); however, the
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cartilage samples of the human trachea from the old
subjects are significantly stiffer than those from the young

subjects (P=0.004) for both the cranial and caudal regions.
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Figure 3. Average stress-strain curves of the human tracheal cartilage: (A) age-
based comparison for the cranial region (F=7.878, P=0.031); (B) age-based
comparison for the caudal region (F=6.102, P=0.049); (C) sex-based comparison
for the cranial region (F=0.80, P=0.786); and (D) sex-based comparison for the
caudal region (F=0.008, P=0.931).

Until 10% of strain, there were almost linear trends of
the stress-strain curves; therefore, the data were used to
calculate the corresponding Young's modulus values for
all samples. The average Young's moduli, corresponding to
the different groups of tracheal cartilage samples, are
illustrated in

Figure 4.

The results of age-, sex-, and position-based
comparisons of the groups along with the corresponding P
values are listed in Table 1.

As evident in Figure 4 and Table 1, we noticed a
significant effect of age on the mechanical properties of the
tracheal cartilage samples (F=0.022, P=0.004). The elastic
moduli corresponding to the cartilage samples of the old

subjects were significantly greater than those of the young
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subjects. However, there was no statistically significant
effect of sex on the mechanical properties of the tracheal

cartilage samples (F=0.14, P=0.908).
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Figure 4. Average values corresponding to Young's modulus of tracheal cartilage

samples based on position in trachea (cranial vs. caudal), age and gender.

Stress relaxation data

Using Equations 2 and 4, the force-time data from the
stress relaxation experiments were converted to stress-time
data, and the corresponding relaxation percentage of each
sample, which is a good measure for comparing the
relaxation behaviors of different specimens, was
calculated. Figure 1(C) shows a typical stress relaxation
curve for the tracheal cartilage of a 36-year-old patient.

Following verification of the normal distribution of the
data, we used the three-way ANOVA to investigate the
effects of position, sex, and age on the relaxation
percentage of the cartilage samples. Based on the results,
no statistically significant three-way interaction among
position, age, and sex was observed (F=3.750, P=0.112).
Furthermore, there was no significant two-way interaction
among the different pairs of factors (agexsex, agexposition,
and sexxposition had the following values: F=0.730,
P=0.415 F=0.132, P=0.735; and F=2.096, P=0.221,
respectively).

The results obtained for the relaxation percentage in
terms of age, sex, and position of the samples are shown in

Figure 5 and Table 2.
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As evident in Figure 5 and Table 1, we noticed no
significant effect of age, sex, or position on the relaxation
behavior of the human tracheal cartilage samples.

Table 2 Comparison of the relaxation percentage values for tracheal cartilage, in

terms of age, gender and position in trachea (cranial vs. caudal).

Factor Group Relaxation percentage (%)  Fvalue P value
Young 22.71+4.12
Age 7.002 0.061
Old 2413711
Female 22.67+5.15
Gender 6.944 0.069
Male 24.01£3.65
. Cranial 23.4546.17
Position 0.301 0.612
Caudal 23.06+5.34
Cranial
30.00 [] Caudal
@ 25,00
Fou (p T El
B
=
-g 15.00
8 1000
e
5.00
0.00

Old Males Old Females Young Males  Young Females

Figure 5. Average values corresponding to relaxation percentage of tracheal
cartilage samples based on position in trachea (cranial vs. caudal), age and

gender.

DISCUSSION

In the present study, the stress-strain data and stress
relaxation behavior of the cartilage samples from the
cranial and caudal regions of the human trachea were
assessed. To the best of our knowledge, such a position-
based comparison of the mechanical behavior of the
tracheal cartilage using a reasonably large population of
samples has not been previously performed. The number
of subjects studied here was sulfficient to allow comparison
of the results with respect to the age and sex of the
subjects.

Histologically, the tracheal cartilage is of a hyaline type,
with an extracellular matrix composed mainly of collagen

type IL. In previous studies, the tracheal cartilage has been

considered as a linear (3,6,7) or non-linear (2,4,8-12) elastic
tissue. Previous studies on the viscoelastic properties of the
human trachea have examined the time-dependent “tube
law” of the whole trachea (i.e, pressure-volume
relationship) (14,15) or only the tracheal mucus (16-18).
However, to our knowledge, the viscoelastic behavior of
the human tracheal cartilage has not been well studied.

It has been previously reported that the collapsibility of
the trachea in different tracheal regions (i.e.,, cranial,
median, and caudal) is different; the caudal region is the
most compliant part of the trachea (6,13). Such findings
have been explained by the different geometries of the
cartilaginous rings along the tracheal longitudinal axis. The
tips of the C-shaped cartilages are closer to each other in
the cranial region than in the caudal region of the trachea,
where the tips are farther from each other and have been
considered to facilitate tracheal deformation and
collapsibility. In another study (10), different cartilaginous
rings of a single trachea sample have been reported to
exhibit relatively different stress-strain behaviors;
however, the results were limited by the number of studied
samples.

Considering the different physiological aspects of the
cranial and caudal regions of the trachea, we compared the
mechanical properties of the tracheal cartilage from the
cranial and caudal regions. In the present study, we
calculated and compared the Young's modulus and
relaxation percentage values of different groups of
specimens (in terms of position in the trachea, age, and
sex).

Based on our results, the cartilage specimens from the
cranial region were generally, but not significantly, stiffer
than those from the caudal region of the human trachea.
Therefore, no significant effect of position in the trachea on
the mechanical properties was observed.

We compared the Young’'s modulus and relaxation
percentage results obtained from the samples in the two

positions in the trachea and observed similar age- and sex-
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related mechanical behaviors for both the cranial and
caudal samples.

In both groups, no significant effect of sex on the
mechanical behavior of the trachea samples was observed.
However, age significantly influenced the stress-strain
behavior of the tracheal cartilage samples in both groups.
In fact, the cartilage specimens of the old subjects were
significantly stiffer than those of the young subjects for
both the cranial and caudal regions of the human trachea.
This finding is in agreement with the previously reported
increase in the stiffness of the tracheal cartilage with aging
(7).

We observed no significant effect of age, position, and
sex on the relaxation percentage of the tracheal cartilage
samples, which is in contrast to the result of a previous
study on the costal cartilage, where more relaxation of this
tissue has been observed in the male subjects than in the
female subjects (24).

In this study, the tissues were harvested from brain-
dead patients. Thus, there were some limitations owing to
tracheal intubation, including intubation duration, risk of
tissue degeneration, and subsequent fibrosis and tracheal
stenosis (25), and also owing to the possibility of local
infection and underlying medical conditions, such as
diabetes or musculoskeletal problems (8).

Regardless of the genetic factors, all these confounding
variables were managed via case selection.

The intubation duration was 7 to 12 days for all donors.
Underlying diseases and local infection were ruled out
during the assessment for organ donation. In all cases, the
cause of brain death was head trauma.

In previous studies, other influential factors, such as
exercise and nutritional status, have been considered in the
articular cartilage (26,27). However, the impacts of such
factors have not been studied in the tracheal cartilage.
Furthermore, the characteristics of inhaled air, including
pollution or atmospheric pressure, may also affect the
mechanical characteristics of the tracheal cartilage.

In the present study, we tested and compared the

mechanical behavior of the cartilage samples from the
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cranial and caudal regions of the human trachea. The
cartilage samples from the cranial region of the trachea
were generally, but not significantly, stiffer than those
from the caudal region. We also assessed the effects of age
and sex on the results. In both the cranial and caudal
samples, the cartilage specimens of the older subjects were
significantly stiffer than those of the younger subjects.
However, no significant effect of sex on the mechanical
behavior of the tracheal cartilage was observed. Further, no
significant effect of age, position, and sex on the relaxation
percentage of the tracheal cartilage samples was observed.
The results of this study can improve our understanding of
the mechanical properties of the human trachea and can be
employed in designing scaffolds for tracheal tissue

engineering.

REFERENCES

1. Grillo HC. Notes on the windpipe. Ann Thorac Surg
1989;47(1):9-26.

2. Bagnoli P, Acocella F, Di Giancamillo M, Fumero R,
Costantino ML. Finite element analysis of the mechanical
behavior of preterm lamb tracheal bifurcation during total
liquid ventilation. J Biomech 2013;46(3):462-9.

3. Roberts CR, Rains JK, Paré PD, Walker DC, Wiggs B, Bert JL.
Ultrastructure and tensile properties of human tracheal
cartilage. ] Biomech 1998;31(1):81-6.

4. Pérez del Palomar A, Trabelsi O, Mena A, Lépez-Villalobos JL,
Ginel A, Doblaré M. Patient-specific models of human trachea
to predict mechanical consequences of endoprosthesis
implantation. Philos Trans A Math Phys Eng Sci
2010;368(1921):2881-96.

5. Kojima K, Vacanti CA. Tissue engineering in the trachea. Anat
Rec (Hoboken) 2014;297(1):44-50.

6. Costantino ML, Bagnoli P, Dini G, Fiore GB, Soncini M, Corno
C, et al. A numerical and experimental study of compliance
and collapsibility of preterm lamb tracheae. | Biomech
2004;37(12):1837-47.

7. Rains JK, Bert JL, Roberts CR, Paré PD. Mechanical properties
of human tracheal -cartilage. J Appl Physiol (1985)
1992,72(1):219-25.

Tanaffos 2017; 107-114



114 Mechanical Properties of the Human Tracheal Cartilage

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Teng Z, Ochoa I, Li Z, Lin Y, Rodriguez JF, Bea JA, et al.
Nonlinear mechanical property of tracheal cartilage: a
theoretical and experimental study. ] Biomech 2008;41(9):1995-
2002.

Teng Z, Ochoa I, Li Z, Liao Z, Lin Y, Doblare M. Study on
tracheal collapsibility, compliance, and stress by considering
nonlinear mechanical property of cartilage. Ann Biomed Eng
2009;37(11):2380-9.

Trabelsi O, del Palomar AP, Lépez-Villalobos JL, Ginel A,
Doblaré M. Experimental characterization and constitutive
modeling of the mechanical behavior of the human trachea.
Med Eng Phys 2010;32(1):76-82.

Malve M, Del Palomar AP, Chandra S, Lépez-Villalobos JL,
Finol EA, Ginel A, et al. FSI analysis of a human trachea before
and after prosthesis implantation. ] Biomech Eng
2011;133(7):071003.

Murphy C, Kelliher D, Davenport J. Shape and material
characteristics of the trachea in the leatherback sea turtle
promote progressive collapse and reinflation during dives. J
Exp Biol 2012;215(Pt 17):3064-71.

Soncini M, Fiore GB, Corno C, Bagnoli P, Dini G, Acocella F, et
al. Preterm Lambs Tracheal Duct Collapsibility: A Finite
Element Study. 2003.

Bhutani VK, Shaffer TH. Time-dependent tracheal
deformation in fetal, neonatal, and adult rabbits. Pediatr Res
1982;16(10):830-3.

Aljuri N, Venegas ]G, Freitag L. Viscoelasticity of the trachea
and its effects on flow limitation. J] Appl Physiol (1985)
2006;100(2):384-9.

Cone RA. Barrier properties of mucus. Adv Drug Deliv Rev
2009;61(2):75-85.

Satpathi DK, Kumar BR, Chandra P. Unsteady-state laminar
flow of viscoelastic gel and air in a channel: Application to
mucus transport in a cough machine simulating trachea.
Mathematical and computer modelling 2003;38(1-2):63-75.

R, Turner BS. Mucin

Bansil structure,

aggregation,
physiological functions and biomedical applications. Current
opinion in colloid & interface science 2006;11(2):164-70.

Dyck PJ, Thomas PK. Peripheral Neuropathy. 4 ed. Saunders

(Elsevier), Philadelphia, PA: 2005.

20.

21.

22.

23.

24.

25.

26.

27.

Kamm RD. Airway wall mechanics. Annu Rev Biomed Eng
1999,1:47-72.

de Azevedo-Pereira AE, Saka JA, de Oliveira-Braga KA,
Pazetti R, Canzian M, Pégo-Fernandes PM, et al. The impact of
topically applied preservation solutions on the respiratory
epithelium of tracheal grafts submitted to cold ischemia:
functional and morphological analysis. Clinics 2013;68(5):702-
9.

Cozzi B, Bagnoli P, Acocella F, Costantino ML. Structure and
biomechanical properties of the trachea of the striped dolphin
Stenella coeruleoalba: evidence for evolutionary adaptations
to diving. Anat Rec A Discov Mol Cell Evol Biol
2005;284(1):500-10.

Trabelsi O, Ginel A, Lopez-Villalobos JL, Gonzalez-Ballester
MA, Pérez-del Palomar A, Doblaré M. A Decission Support
System for Endoprosthetic Patient-Specific Surgery of the
Human Trachea. InPatient-Specific Modeling in Tomorrow's
Medicine 2011 (pp. 281-334). Springer Berlin Heidelberg.

Guo BY, Liao DH, Li XY, Zeng Y], Yang QH. Age and gender
related changes in biomechanical properties of healthy human
costal cartilage. Clin Biomech (Bristol, Avon) 2007;22(3):292-7.
Farzanegan R, Farzanegan B, Zangi M, Golestani Eraghi M,
Noorbakhsh S, Doozandeh Tabarestani N, et al. Incidence Rate
of Post-Intubation Tracheal Stenosis in Patients Admitted to
Five Intensive Care Units in Iran. Iran Red Crescent Med |
2016;18(9):e37574.

Murray RC, Zhu CF, Goodship AE, Lakhani KH, Agrawal
CM, Athanasiou KA. Exercise affects the mechanical
properties and histological appearance of equine articular
cartilage. ] Orthop Res 1999;17(5):725-31.

Athanasiou KA, Zhu CF, Wang X, Agrawal CM. Effects of
aging and dietary restriction on the structural integrity of rat

articular cartilage. Ann Biomed Eng 2000;28(2):143-9.

Tanaffos 2017; 16(2): 107-114



