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Abstract: Image analysis has an increasing role in the identification of individuals in forensic application. Beside the bones,
microstructural of arteries can be used in age estimation study. Aorta is the largest elastic artery which consists of many
elastic fibers. Elastin in arterial wall highly resist to chemical and physical influence. The purposes of the study were to
quantify elastic fibers in tunica media in each location of the aorta and examine the correlation between elastic fibers and age
by using image analysis program. A total of 36 human aortas were dissected in 4 locations. The aortas were obtained from
cadavers with an age range of 20 to 90 years. Specimens were stained with Elastic Van Gieson staining. Histological images
were investigated about elastic fibers using light microscope with cellSens program and aorta image analysis was used for the
evaluation of data. The results showed that the mean percentage density of elastic fibers in the ascending aorta and the aortic
arch increased. However, the mean percentage density of elastic fibers decreased in the 31 to 40 years age group in the thoracic
aorta and the abdominal aorta and decreased in each location of aorta continuously until 81 to 90 years. The abdominal
aorta showed the highest correlation with age (r=0.732) followed by the thoracic aorta, the aortic arch and the ascending
aorta, respectively. Changes in the percentage density of elastic fibers in the tunica media of the aortic wall can be used to add

information to age estimation for identification purposes.
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Introduction researches have investigated the use of computer software
like the image analysis tool for application in medical fields

In a world in which technology is advancing rapidly, many  to quantify or classify the patterns of medical images. The
image analysis is more important than ever since it is conve-
nient, cost-effective, and also non-invasive method [1]. In the
forensic field, identification of individuals has been done by

Corresponding author:
Pasuk Mahakkanukrauh using the technology of using images to analyze dead person

Department of Anatomy, Faculty of Medicine & Research Cluster in

Osteology Research and Training Center (ORTC), Chiang Mai University, o . )
Chiang Mai 50200, Thailand by age, stature, gender, ethnicity which studied from bones

E-mail: pasuko34@gmail.com and teeth. Age estimation is used for investigation to identify

the approximate range of age of an unknown person. There

such as DNA, fingerprint examination etc. It can be assessed
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Age estimation from elastic fibers of aorta

were several studies for different organs that change with age
[2, 3]. Age is an important change of the organism in life [4].
Cell in our bodies in each stage of life develop and degener-
ate. There was the theory of cell changes that are correlated
with age, for example collagen deposit theory, gene mutation,
autoimmune theory and wear and tear theory [5]. During
aging, this changes of the cell can lead to pathology of the
disease [6], especially incident frequently in the cardiovas-
cular system such as atherosclerosis which is the increase in
the fatty layer. This contributes to stiffness that occurred in
vessel walls [7].

From previous studies, vascular changes with age affect
the internal and external structure changes [8]. With aging
process, There were change of diameter size at the vascular
[9]. Compositions of each tunica layers within vessel walls
changed differently such as endothelial cell of tunica intima
which presented irregular shape, increased collagen fibers
and decreased smooth muscles cell [10]. Moreover, The elas-
tic fibers were decreased and become fragmentation [11],
especially the aorta as it is obvious. The aorta is the largest
elastic artery. It is divided into 3 main locals defined by their
location as follows: the ascending aorta, aortic arch, and the
descending aorta. The descending aorta is divided into the
thoracic aorta and abdominal aorta. On the microscopic
level, the aorta consists of three layers from innermost to the
outermost layer, including the tunica intima, tunica media,
and tunica adventitia. Tunica intima contains a single layer
of endothelial cells. The subendothelial cells contain loose
connective tissue and few fibroblasts. Moreover, there is
internal elastic lamina which separates tunica intima and
tunica media layers. The middle layer is tunica media, which
consists of many elastic fibers and is the thickest layer. It
also consists of smooth muscle cell and collagen fibers. The
elastic fibers arrange in concentric layer called elastic lamel-
lae. There is also external elastic lamina which separates
layers of tunica media and tunica adventitia. Tunica adven-
titia includes collagen fibers, some elastic fibers, fibroblasts,
and mast cell. The connective tissue contains vasa vasorum
which are small vessels for blood supply of the aortic wall
[12-14].

In the aortic wall, Elastic fibers are associated with exten-
sion and recoil in the circulatory system. Elastin is one of the
essential parts of the human tissues that provided elastic-
ity. Moreover, elastin highly resists to chemicals hardly and
physical influences [15]. Elastin behavior has related to low
stiffness modulus and large extensibility because the aorta
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carries blood from the heart into different organs [16]. Many
literatures had reported the elastic fibers related to age. Age
changes of elastic fibers in tunica media of the aortic wall
occurs as a change in the different locations of the aorta [17].
The increasing age causes degeneration of elastic fibers in
the media and many elastin fragmentations. Ninomiya et al.
[18] found that the thoracic aorta were of higher strength and
elasticity than the abdominal aorta. In addition, the aorta in
elderly has elasticity less than the young.

There have been few studies about the changes of elastic
fibers with age in the human aorta cadaver that can improve
the accuracy of investigation for the identification. Addition-
ally, there have been no studies in Thai population by using
image analysis program before. Hence, the aims of this study
to quantify elastic fibers in tunica media of aortic wall in dif-
ferent locations with age groups by using image analysis and
investigates the correlation between percentage density of
elastic fibers in tunica media of the aorta.

Materials and Methods

The samples were studied in 36 human aortas (29 males
and 7 females) from the autopsy of Thai cadavers were ob-
tained from The Department of Forensic Medicine and fresh
donor cadavers in the Department of Anatomy, Faculty of
Medicine, Chiang Mai University. The study was done in
each decade each of age ranging from 20 to 90 years old
(Table 1). The criteria for exclusion were as follows: aortic
aneurysms with diameter, atherosclerosis of the aorta with
stage 3 (complicated lesion) in gross examination, death
from infectious disease, inappropriate aortic tissue due to
advanced wall decomposition, death due to burns. Each
whole aorta was dissected and removed from loose connec-
tive tissues. We cut four different locations of the aorta. The
ascending aorta was cut at approximately 2 cm above the
aortic valve. The aortic arch was cut at the midpoint between

Table 1. Total number of aortic samples by age group

Age group (yr) Total (n=36)
20-30 5 (M=5)
31-40 5 (M=5)
41-50 5 (M=5)
51-60 6 (M=4,F=2)
61-70 5 (M=3,F=2)
71-80 6 (M=4, F=2)
81-90 4 (M=3, F=1)

M, male; F, female.
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the origins of the left common carotid artery and the right
brachiocephalic artery. The descending thoracic aorta was
cut at the midpoint between the origin of the left subclavian
artery and the celiac trunk. The descending abdominal
aorta was cut at a halfway between the renal arteries and
inferior mesenteric artery. Each location of the aorta was
sectioned circumferentially in the aortic rings and then the
aortic ring was cut into rectangular strips of approximately
3 mm in width and 10 mm in length. All segments of the
aorta were cut into one strip at the anterior wall. For the lat-
ter, the specimens were stored in 10% formalin for 24 hours
before bringing to histological preparation. Afterwards, the
specimens were prepared for histological processing and the
tissue blocks were cut into a thickness of 4 ym with a rotary
microtome and were stained with Elastic Van Gieson stain-
ing by automatic tissue processor. Following that, the images
of stained sections were visualized using a light microscope
with Olympus DP73 digital microscope camera (Olympus,
Tokyo, Japan). The histological images were photographed
using a CellSens standard program (Olympus) and the mi-
croscopic field was analyzed using 40x magnifications. The
digitization of the image was captured from the selected
microscopic field. These images of a microscopic field were
delivered to analyzed by using our image analysis program.
The analysis program consists of four steps (Fig. 1). First, the
pre-processing step aims at removing unnecessary objects
and improving the quality of an image for further steps. The
International Commission on Illumination color space is
used to improve the quality of input images in terms of the
color of histological images. Second, the segmentation step
aims at selecting the region of interest (ROI). The k-nearest
neighbor algorithm is applied to select elastic fibers in tunica

The relative amount (%)

> of elastic fiber

Fig. 1. Image analysis steps. CIELAB, International Commission on

[llumination.
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media of the aorta image. The third step is feature extraction.
This step aims at extracting the interesting feature of the
ROL. Finally, analysis data is the last step. the analysis data
was extracted for the relative amount (%) of elastic fibers
which was the ROL The percentage density of elastic fibers
in the field is calculated by the selected elastic fiber regions
in the aorta image as shown in Fig. 2. All statistical analysis
will be performed by using IBM SPSS Statistics for Windows,
Version 19.0 (IBM Co., Armonk, NY, USA). Ethical clearance
was taken by the research Ethics Committee from Faculty of
Medicine, Chiang Mai University (Research ID: ANA-2561-
05233).

Results

This study was to quantify percentage density of elastic
fiber in tunica media of 36 aortas at each age group. In team
of the highest percentage density in each case, it was found
that the ascending aorta had the highest density followed
by the aortic arch, the thoracic aorta, and the abdominal
aorta, respectively. In the age group of 20 to 30 years, it was
found that the arrangement of elastic lamellae was parallel,
long, and continuous. The thoracic aorta had the highest of
the mean percentage density of elastic fibers. The ascend-
ing aorta had the largest size of elastic lamellae. It was found
thin fibers in the abdominal aorta. In age group of 31 to 40
years, the arrangement of elastic lamellae was the same as
the previous age group. It was found that the mean percent-

Fig. 2. Demonstration of the analyzud picture of the aortic segment

using Aorta Image Analysis program. Percentage density of elastic
fibers in tunica media of the aorta. White color, elastic fibers (Ngion of

inturust); Black color, sections of no-interest.
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age density of elastic fibers in the ascending aorta and the
aortic arch increased while the mean percentage density of
elastic fibers in the thoracic aorta and the abdominal aorta
decreased. The age group of 41 to 50 years had a decrease of
the mean percentage density of elastic fibers in each location
of the aorta. Moreover, the arrangement of elastic fibers be-
gan to slightly separate from elastic lamellae in each location
of the aorta. In age group of 51 to 60 years, It was found that
the mean percentage density of elastic fibers in the ascend-
ing aorta and the aortic arch had a value that was close to the
previous group, but the mean percentage density of elastic

fibers in the thoracic aorta and the abdominal aorta were
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found decreased. The arrangement of elastic fibers was clear-
ly separate in each location. In addition, they were thinner
and smaller especially in the thoracic aorta and the abdomi-
nal aorta. In age group of 61 to 70 years, it was found that the
ascending aorta, the aortic arch, and the thoracic aorta had
a slightly difference of the mean percentage density of elas-
tic fibers and they had the similar sharp of elastic lamellae
to the previous group. The abdominal aorta had a decrease
of the mean percentage density of elastic fibers and it was
the thinnest and smallest size of elastic lamellae. The mean
percentage density of elastic fibers in the age range of 71 to
80 years decreased in each location of the aorta. The elastic

Fig. 3. Example of elastic fibers in
tunica media from the abdominal aorta
at different ages (Elastic Van Gieson,
x40). (A) A 20 years of human aorta,
(B) 43 years of human aorta, (C) 61
years of human aorta, (D) 81 years of
human aorta. Scale Bars=20 pum (A-D).
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Fig. 5. The scatter plot showing mean percentage density of elastic fibers in various age groups with different locations of the aorta. (A)
Ascending aorta, (B) aortic arch, (C) thoracic aorta, (D) abdominal aorta.

lamellae of the thoracic aorta and the abdominal aorta were

more separated than the ascending aorta and the aortic arch 0.8

clearly, and they had thin and small size of elastic lamellae. 0.7

In age range of 81 to 90 years, it was found that the mean ;‘i’ 0.64

percentage density of elastic fibers decreased in the ascend- § 05-

ing aorta and the abdominal aorta, but the thoracic aorta g

and the aortic arch were similar to the previous group. The g 041

arrangements of elastic lamellae of the ascending aorta and & 037

the aortic arch still appeared clearly, but the thoracic aorta % 0.2

and the abdominal aorta were thin in size and separated in < 1

parallel line. Fig. 3 showed elastic fibers changes in tunica 0 . . . . .
media from the abdominal aorta in different ages. The Mean Ascending aorta  Aorticarch  Thoracic aorta Abdominal aorta
values for the percentage density of elastic fibers in tunica Locations of the aorta

media in different locations of the aorta were demonstrated  Fig. 6. The scatter plot showing the correlation coefficient with age in
in Figs. 4 and 5. different locations of the aorta.

There was a statistically significant negative correlation
between each age group and percentage density of elastic fi-
bers of tunica media in each location of the aorta. The results
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showed that the percentage density of elastic fibers of tunica
media in each location of the aorta tended to decrease with
advancing age. The scatter plot in Fig. 6 demonstrate the cor-
relation with age in each location of the aorta. A significant
correlation was found with age at 0.732 in the abdominal
aorta and this was highest correlation when compared to
other locations. The thoracic aorta correlated significantly
with age at 0.648 and the aortic arch significantly correlated
with age at 0.598. The ascending aorta correlated significant-
ly with age at 0.408.

Discussion

From previous studies, there were different various
methods for studying the quality and quantity of elastic
fibers such as Biochemical detection methods, electron
microscope and light microscope. Elastic fibers contained
elastic filament and microfibrils. Its function is accumulat-
ing energy and driving in the recoil [19]. The elastic fibers
have characteristics that resemble rubber that causes the
object to stretch, contract and resilience. Elastic fibers can
change according age, disease and strong chemicals. There
are split and separate of elastic fibers with the increasing of
age. Decreasing of elastic fibers causes reduced flexibility
[20, 21]. Elastic fibers are a structure of lung, skin, elastic
artery ligament and tendon. Mario Luiz Quintas et al. [22]
showed that the elastic fibers of the interfoveolar ligament
in young men distributed uniformly and were parallel with
collagen, conversely in the elderly men, there were thickened
and fragmented of elastic fibers. In addition, Frances et al.
[23] found the area of mature elastic fibers in the reticular
dermis by computerized digital image analysis. The elastic
fibers increased with age after sixth decade. With aging,
loss of elastic fibers caused the loss of skin thickness [23].
Another study showed increasing of the surface density in
elastic fibers at the superficial and deep dermis with age [24].
Age was involved with changes of vascular system such as
diameter, thickness, and components within aortic wall [25].
Hosoda et al. [26] investigated elastic fibers of the aorta and
pulmonary artery in Japanese and found that youths have a
higher of elastic content in the aorta than older age. With in-
creasing age, elastic content in the aorta tended to decrease.
The change of elastic content in the pulmonary artery was
less than in the aorta which may be due to the effect of blood
pressure on different hemodialysis [26]. Tunica media in the
aorta consisted of collagen, elastic fiber, smooth muscle cells,
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and mucopolysaccharide. Elastic fibers arranged in lamel-
lae from throughout the length of the aorta, but the quantity
and shape were different [27, 28]. Changing of the elastic
structure in the aorta arranged dispersedly and broken with
age [29, 30]. A recent study of elastic fibers in the aorta found
that the percentage of elastin of area fraction in the ascend-
ing aorta in the elderly (52-85 years) was a negative tendency
and the correlation between age was -0.66 [31].

Additionally, it was found that there was more parallel
elastin arrangement in 20-year-old group and the number
of elastin were increased with age. After that, it remained
constant at the age of 50 and decreased at the age range
of 70 to 80 years [32-34]. Changes in the characteristics of
elastic fibers were mostly found in 50-years age group [35].
Schlatmann and Becker [27] revealed that the thoracic aorta
was greater elastic fibers than the abdominal aorta and the
abdominal aorta was split more than the thoracic aorta [36].
According to Wolinsky and Glagov [37] study, they have
showed that the abdominal aorta was more involved with
atherosclerosis than the thoracic aorta and the number of
elastic fibers in media decreased with distance from aortic
root. Atherosclerosis occurred after 40 years of age. It was
found that elastic content significantly decreased in the in-
frarenal aorta and atherosclerosis often occur with the distal
portion of the aorta. The results were consistent with this
study, we found that atherosclerosis at the abdominal aorta
was greater than other areas, followed by the aortic arch, tho-
racic aorta, and ascending aorta, respectively. It was revealed
that the mean percentage of elastic density of the ascending
aorta and aortic arch at 51 to 70 years still remained and
decreased at the age of 71 to 80. Then, at the age of 81 to 90,
it decreased again in the ascending aorta. Conversely, the
aortic arch remained constant. The thoracic aorta decreased
in mean value percentage elastic density at 51 to 60 years and
was remained at 61 to 70 years. Then, it decreased at 71 to 80
years. After that, the percentage elastic density was constant.
The elastic fibers in the abdominal aorta decreased at the age
above 50 years. Age is associated with elastic fragment [30].
The principle of wear and tear regarding blood pressure in
multiple directions was affected to elastic lamellae fragment
in tunica media [38]. It was separated initially at the age 30
[39, 40]. Similar to the ascending aorta, the aortic arch and
proximal portion of the thoracic aorta are responsible for
receiving high pressure blood flow and blood transports
to the organs and tissues, causing the aortic in each part to
have different elastic characteristics. As a result, each loca-
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tion of the aorta has a different elastic characteristic [29, 41,
42]. Decreasing and separation of elastic fibers affected the
decreased elasticity of the blood vessels that caused the blood
vessels, To be more expanded, with increased collagen [40,
43, 44]. Therefore, it caused stenosis and affected blood flow
that led to high blood pressure and atherosclerosis [40, 42].
This study is a new preliminary study about elastic fibers
in the normal aorta in Thai population. The limitation of this
study was the number of samples in each group with both
sexes. The number of samples in this study were selected
from autopsy and fresh donor cadavers without aortic dis-
eases and trauma. Therefore, this resulted in receiving a few
numbers of samples, especially for the young females from
autopsy. In future study, a larger sample group will be evalu-
ated and increased for more precise database. In addition, we
will add parameters with age in the aorta such as collagen
and thickness of each layer in the aortic wall. Another future
study will develop continuously the aorta image analysis
program of progressive approach basis for estimating age
from the elastic fibers in order to be more accurate, efficiency
and reduce errors. We will establish an effective equation
for age estimation. From our study, the aorta image analysis
program was created, percentage density of elastic fibers in
tunica media of each location of the aorta was also important
as this information may be used for age investigation. We ex-
pect that it will be easily accessible to use and can be applied
to the application for age estimation that reduces time to de-
termine the unknown person in the forensic identification.
In conclusion, the presented results demonstrate applica-
tion of aorta image analysis program using elastic fibers in
tunica media of the aorta. There were negative correlations
between age and percentage density of elastic fibers within
aortic wall in each location. The abdominal aorta showed the
highest correlation with age and the ascending aorta showed
the least correlation. Since each location of the aorta works at
a different blood pressure which is affected by the distribu-
tion and function. These changes caused reduce elasticity
within the aortic wall. However, we should have methods that
can increase accuracy, easier and more convenient to use.
According to our study, image analysis program to be used
as a database of percentage density of elastic fibers with age
groups for the identification of individuals in forensic field.
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