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SUMMARY: Determination of age represents one of the most important aspects in forensic identification. Through aging,
changes can occur in morphological structures of the heart valves. The objective is to examine the relationship betwersidhe dim
of the rigth atrioventricular (tricuspid), pulmonary, left atrioventricular (mitral), and aortic valves and age at deaffesbidxtyman
hearts were obtained from Department of Anatomy and Department of Forensic Medicine, Faculty of medicine, Chiang Mai, University
Thailand. The age of individuals was between 20-90 years. We investigated the morphometric parameters of the valves were taken
including: valve circumference, length, the height and area of each leaflet. All parameters were measured by using gpecific ima
analysis software. The correlation test and predictive equation were established. The positive correlation between trencecumfe
area of posterior leaflet, height of anterior leaflet, and area of anterior leaflet of the rigth atrioventricular valveinvderéhie left
atrioventricular valve showed correlation with age in circumference, length and area of posterior leaflet. For the pultheonsiy an
valves, there were correlated between circumference at sinotubular junction and leaflet sizes in almost leaflets. Thenciecamfer
sinotubular junction of the pulmonary valve was highest significantly correlation with age (r=0.693). The predictive eqsatmw
-3.659+0.652(Circumference at sinotubular junction of the pulmonary valve) with standard ertdr bfears. Additional knowledge
of morphometric features in human heart valves and its relationship with age could be used as age indicator in forensic field.
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INTRODUCTION

Personal identification is a critical process for forensigs the one of biological profile which was an important key in
anthropology at the present time. Particularly when findinfbrensic identification (Thompson & Black, 2006).
the deceased person in form of damage, burning Gonventional methods for age estimation are based on the
fragmentation, due to possible various events such assessment of developmental and degenerative changes in the
bombing, murder, and disasters. Several factors affect agkkletons. Beside the bones, the intervertebral disc (Ritz &
complicate the identification process. Generally, the biologic8chiitz, 1993), cartilage (Thadatkei al, 2017), arteries
profile of unidentified persons were represented by recovergRowellet al, 1992), and skin (Ritz-Timne al, 2003) were
skeletal remains (Christensen al, 2014). The biological selected in age estimating study. For the forensic autopsy
profile comprises of basis information which are sex, agprocedure, the step of thorax exposer was usually carried out
ancestry and stature. For primary identification, establishirghd was not complicated, and the heart was dissected and
a biological profile is key information to find unknown examined (Saukko & Knight, 2015). Hence, this study focused
deceased individuals, which is useful to narrowein the heart valves because age-related changes were found
identification and reduce the identify duration. Age at deaih the valves in the structurabmponents.
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Cardiac valves are thin and translucent tissuemlve. For the left atrioventricular valve, we cut the valve
which attach to the heart wall and have functions tbetween the anterior and posterior leaflets at lateral papillary
regulate unidirectional blood flow throughout the heantnuscle. Cutting the right and left coronary leaflets separately
and prevent blood regurgitation (Phatal, 2017). The to spread out the acrtvalve. Then, placed on the white back-
rigth atrioventricular (tricuspid) and left atrioventricularground and photographed with a scale using digital camera with
(mitral) valves are the atrioventricular valve group thatipod. We designed the specific image analysis program for valve
separate the atria and the ventricles. The semilunar valmeasurements in this study. These morphometric parameters were
consists of the pulmonary and aortic valves whicmcluded as follow (Figs. 1-4)
separates the ventricles from the pulmonary artery and
aorta, respectively. Age is an important factor which hély Valve circumference: defined as total length along the valve
an impact on the microstructural and macrostructurattachment
changes of the cardiac valves including cardiac functior23 Attachment length of leaflet: defined as the horizontal distance
(Misfeld & Sievers, 2007). Previous literature studieslong the length of the valve leaflet
describe the gross anatomy of cardiac valves in huma&hMaximum height of leaflet: defined as the maximum verti-
and its associated with age by different methods. Thecal distance from the free edge to its attachment site of the leaflet.
was a relationship between the thickness, valw) Circumference at sinotubular junction: total length along the
circumferences, luminal area at sinotubular junctiorgommissural point of the leaflet.
valve diameter, and size of leaflet in height and length) Area of leaflet: defined as valve area of each leaflet.
and age. According to previous literature, there was no
study age estimation using the human heart valves. All parameters were performed by using image analysis
Recently, image processing technology is morprogram to calculated theses valve dimensions. Statistical
applicable tool in the medical field, such as diagnosis ahalysis was assessed using SPSS 19 software. The relationship
pathological condition. Image analysis is software todletween the valve parameters and age were determined using
for differentiating and quantifying the characteristics oPearson correlation. Finally, linear regression analysis was used
the images research. This tool is becoming increasimg establish the equation of predicted age.
use because itis conveniently and cost effectively (Pra~
Montalbanet al, 2011). Thus, investigation into the
morphometry of the heart valves in human with ag
changes are of great importance and its correlation wi
age may be used as an age indicator. The purposes
this study were to examine the different dimensions ¢
the valves and analyzed the relationship between t
morphometry of the valve and age in a Thai populatiol
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Fig. 1. The morphometric parameters of the rigth atrioventricular valve.
Circumference (C); maximum height (H); and length of leaflet (L).

MATERIAL AND METHOD

All of 60 fresh human hearts were derived fron
cadavers in Department of Forensic Medicine and tt
Department of Anatomy, Faculty of Medicine, Chianc
Mai University, Thailand. The aged was ranged betwee
20-90 years (mean=60.18 years) with known age al
sex. Ethical approval was provided by The Resear:
Ethics Committee, Faculty of Medicine, Chiang Ma
University. The exclusion criteria were gross sever
calcification valve, perforation or rupture of valve leaflet
congenital valve disease such as bicuspid aortic val\
the leaflet become fused like rheumatic valve diseas
and damaged valve by endocarditis. We cut the rig il
atrioventricular valve region between the anterior an"|'”]'I""I"'z'l'"'l"'3||"”|“U|“”]“'5'|
posterior leaflets. The anterior and right leaflets of theig. 2. The morphometric parameters of the left atrioventricular valve.
pulmonary valve will be cut separately to spread out th&rcumference (C); maximum height (H); and length of leaflet (L).
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RESULTS AND DISCUSSION

The results showed all rigth atrioventricular leaflets
were different size and shape. Mean total circumference of
the rigth atrioventricular valve was 18831.1 mm. The
dimensions of the rigth atrioventricular valve found wide range
of variations that showed in Table I. Positive correlation was
found between the circumference (r=0.543), area of posterior
leaflet (r=0.444), height (r=0.566) and area of anterior leaflet
(r=0.467) (p<0.01). Observation of the left atrioventricular
valve showed common two leaflets as anterior and posterior
leaflets. The anterior leaflet was triangular or semicircular

Fig. 3. The morphometric parameters of the pulmonary valvghape. The anterior leaflet was larger than the posterior leaflet.
Circumference at attachment (C); maximum height (H); length (LNevertheless, the posterior leaflet was larger length in

circumference at sinotubular junction (CSJ).

I g
e

’mll||nlmllnﬁInnluﬁ‘uuluﬁ

I |||||l||| |||||II|I HII||||I IIH'Illl Ly IIII'IIII IIIIIIIII
g ! 2 3 4 5 6 18

circumference. Mean circumference of the left atrioventricular
valve was 173#40.9 mm. The dimensions demonstrated as
Table 1. We found significantly correlation with age in
circumference (r=0.455), length (r=0.393) and area of poste-
rior leaflet (r=0.336) of the left atrioventricular valve (p<0.01).
For the pulmonary valve, we usually found three leaflets (an-
terior, right, and left) with crown shaped. There was different
size among three pulmonary leaflets (Table Ill). The mean
circumference at attachment site of the pulmonary valve was
106.5:18.2 mm. The mean circumference at sinotubular
junction was 101.821.4 mm. There were significantly
correlation between age and circumference at sinotubular
junction (r=0.693), height (r=0.557), length (r=0.427), and area
of anterior leaflet (r=0.60), height (r=0.573), length (r=0.381),

Fig. 4. The morphometric parameters of the aortic valveyhd area of left leaflet (r=0.523), height (r=0.56) and area of
Circumference at attachment (C); maximum height (H); and lengffyt jeaflet (r=0.542) (p<0.01). We found the aortic valve was

(L); circumference at sinotubular junction (CSJ).

Table I. Dimension of the rigth atrioventricular valve.

thicker than the pulmonary valve and all 3 aortic leaflets were
different sizes within the same individual. The
circumference at attachment site of the aortic

valve was 95.615.2 mm. The circumference at

Mean height + Mean length + Mean areat+ Sl : - ]
SD. (mm) SD. (mm) (mm?2) sinotubular junction was 10G:49.2 mm. The
Posteri or leaflet 221+2.8 47.8+16.1 494.7+149.5 dimensions of the aortic valve demonstrated as
Septal |eaflet 15.242.7 105.24235 638.9+149.5 Table IV. There was significant correlation
Anterior | eaflet 19.3+3.6 41.5+155 371.103.5+ between the circumference at sinotubular

Table Il. Dimension of the left atrioventricular valve.

junction (r=0.613), height (r=0.407), area of
noncoronary leaflet (r=0.383), length (r=0.405),

Mean height  Mean length + M ean areat S. height (r=0.532), and area of right leaflet

+ S.D. (mm) S.D. (mm) (mm2) (r=0.493), length (r=0.496), height (r=0.584),
Anterior leaflet 23.243.9 67.6+28.5 610.9+100.¢  andarea of left leaflet (r=0.605). The predictive
Posterior leaflet 15.6+2.9 1150+31.4 654.6+178.1 equation was established using some parameters

Table Ill. Dimension of the pulmonary valve.

of all valve types demonstrated as Table V. From
previous literatures, there was no study age
estimation from the human heart valves for

Meanlength Mean height =

Mean areat S.D.

application in forensic anthropological contexts.

= SD. (mm) S.D. (mm) (mm2) However, there were studies age related changes
A.nteriorleaflet 38.8+5.7 14.4+2.3 292.0+£83.2 in morph0|ogy of the valves using different
Right leafl et 40.2+6.4 14.9+2.2 307.8£77.1 instruments for measurement the valve
Left leaflet 40.6+6.0 14.8+2.3 313.8+87.7

dimensions. Reported study by Kitzmeinal
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Table IV. Dimension of the aortic valve. smallest. The mean circumference at sinotubular

Mean length  Mean height + Mean area+ junction was slightly less than the circumference at

+S.D. (mm) S.D. (mm) s.D.(mme) annular attachment. In our study, the circumference
Noncoronary 37.5+6.2 14.2+2.1 271.4+61.6 at sinotubular junction, height, length and area of an-
Right leaflet 36.5+4.9 13.4%£2.0 261.0£63.2 terior leaflet, height, length and area of left leaflet,
Left leaflet 35.1+4.4 13.8+1.9 249.7+52.8 height and area of right leaflet were significantly

correlated with age (r=0.381-0.693). The results were
(1988) who investigated the valve circumferences in humaonsistent with the study of van Geenetral (2016) and
hearts in 20-99 years and they found that the averafgzman et al that found the leaflet size of the pulmonary
circumference of the rigth atrioventricular valve was increase#ilve increased progressively with age and found the average
between 30-70 years in women but were constant in merlve circumferences were increased with increasing age in
Skwareket al (2008) found the attachment length of the anadult life in male and female. We established predictive
terior leaflet of the rigth atrioventricular valve increasegquation of the pulmonary valves using the valve
significantly between aged 18-40 years and 41-64 yearsdiicumference with a standard error of 14.7 years. The aortic
women. There was no significant difference in men. And thealve had similar morphology to the pulmonary valve, but
attachment length of the posterior leaflet increased in 41-@hflets had thicker. The mean circumference at sinotubular
years group. In present study, the valve circumference, ajeaction was greater than the circumference at annular
of posterior leaflet, height and area of anterior leaflet weatachment. The non-coronary leaflet was greatest in height,
increased progressively with age in the rigth atrioventriculd@ngth, and area. The left leaflet was lowest in length and leaflet
valve. Among all valve types, rigth atrioventricular valve wagrea. van Geemenal found that the valve diameter increased
a complex structure and had most variation in valve geometwith age in the pulmonary and aortic valves. The aortic valve
The rigth atrioventricular valve circumference and height afircumference was slightly smaller than the pulmonary valve.
anterior leaflet were used to create the equation for alytoreover, the size of leaflets in circumferential and radial
estimation in which the standard error was 15.8 and 16directions was significantly correlated with age in both valves.
respectively. The circumference of the left atrioventriculaFhese results are consistent with our study. We created the
valves was more variations and greatest among other literatuggsiation from the valve circumference at sinotubular junction
(Roy & Saha, 2016). The area of left atrioventricular leaflegnd area of left leaflet of the aortic valve with standard error
was similar to the study of Gupghal (2012). Moreover, the of 16.5 and 17.6 years, respectively. The difference of the
previous studies described that there were correlation betwagives dimensions was depending on the heart weight, BMI,
the valve sizes and height (Eckmral, 1969), and weight and race (Rohillaet al., 2015). Our finding results
(de Andradeet al, 2005) of the individuals. demonstrated that the circumference of all valve types was
significantly correlated with increasing age. The correlation
The predictive equation established from the lefof the pulmonary and aortic valves was higher than the rigth
atrioventricular valve using the circumference with standamltrioventricular and left atrioventricular valves. The
error of 16.4 years. For the pulmonary valve, there were fousiicumference at sinotubular junction of the pulmonary valve
similar shape of the valve leaflet and had different sizes. Thes highest correlation and least of standard error of equation,
length and height of three leaflets were similar. The area tflowed by the circumference at sinotubular junction of the
left pulmonary leaflet was greatest and anterior leaflet wasrtic valve. This study suggested thattibenan heart valve

Table V. Age prediction equation of the heart valves.

Standard Error
of the Estimate

Parameters Prediction equation R R?

Rigth atrioventricular valve:

- Circumference (C) Age=2.864+0.319 (C) 0.543 0.294 15.8
- Height of anterior leaflet (HA) Age=2.477+3.075 (HA) 0.566 0.321 16.4
Left atrioventricular valve:

- Circumference (C) Age=24.146+0.202 (C) 0.455 0.207 16.4
Pulmonary valve

- Circumference at sinotubuar (C) A ge =-3.659+0.652(C) 0.693 0.481 14.7
- Area of anterior leaflet (AA) Age=20.206+0.141(AA) 0.600 0.359 158
Aorticvalve

-Circumference at sinctubular (C) Age=-2.404+0.653(C) 0.613 0.376 16.48
- Areaof left leaflet (AL) Age=-2.377+0.249(AL) 0.605 0.366 17.58
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could be used as age indicator for age estimation if the healREFERENCES
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