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ABSTRACT
Introduction: Previous studies confirm that there is no anthropometric index of normal Iranian
hearts, including diameter of cardiac valve, thickness of myocardial septum and coronary artery
variation. The purpose of this study was to assess the anatomical indexes of the human heart and
coronary artery in the Iranian population. Methods: The study was performed with 207 adult
human hearts in both sexes (182 male and 25 female), fixed in 10% formaldehyde. Myocardial
thickness and diameter of heart valves were measured using a Vernier caliper. Assessments of the
coronary artery were carried out after removal of the pericardium. Results: Analysis of 207 cadaver
coronary arteries showed left coronary artery (LCA) dominance type was present in 6.3% of corpus,
and balance was present in 4.3% of corpus, while the largest number (89.4%) had right coronary
artery (RCA) dominance. Themean values of the morphometric data are as follows: right atrial wall
thickness (2.08± 0.04mm), left atrial wall thickness (2.08± 0.04mm), interatrial wall thickness (4.92
± 0.08mm), right ventricular wall thickness (3.35± 0.05mm), left ventricular wall thickness (8.36±
0.13 mm), interventricular wall thickness (12.01± 0.2 mm), diameter of the aorta (23.6± 0.4 mm),
diameter of the pulmonary artery (24.94± 0.4mm), large diameter of themitral valve (34.16± 0.27
mm), and large diameter of the tricuspid valve (38.8 ± 0.24 mm). Conclusion: The anatomical
knowledge of cardiac indicators and coronary artery data will be helpful and clinically relevant,
especially for cardiac surgeons for coronary artery bypass grafting and coronary arteriography.
Key words: Anthropometric Study, Coronary Arteries, Human Heart

INTRODUCTION
The heart is a pyramidal organ that pumps blood
through the circulatory system. In humans, the heart
is located in the thoracic cavity between the lungs.
The heart has four chambers that include the left
atrium and right atrium, and the left and right ven-
tricles. The right atrium and ventricle are separated
by the right atrio-ventricular valve (tricuspid), while
the left atrium is associated with the left ventricle
through the left atrioventricular valve (mitral). In-
teratrial, interventricular, and atrioventricular sep-
tae separate the four chambers of the heart1–3. The
internal anatomy of each chamber is important for
its function4. The right and left coronary arteries
(RCA and LCA, respectively) supply the muscle of
the heart that normally originates below the junction
between the bulbous and the ascending aorta 5. The
RCA passes vertically between the right atrium and
right ventricle in the coronary sulcus. After reach-
ing the inferior border of the heart, it is placed at
the diaphragmatic level of the heart. There are sev-
eral branches of this artery along this course which
include: conus artery (CA), atrial rami (AR), sino-
atrial artery (SAA), marginal artery (MA), posterior

interventricular artery (PIVA), and atrioventricular
artery (AV) 1,2. The LCA is thicker than the RCA
and passes between the pulmonary trunk and the left
auricle, then descends from behind the pulmonary
trunk. Eventually, the LCA artery divides into the an-
terior interventricular (AIVA) and the left circumflex
branches (LCX)1,6.
Variations in the diameter of the heart valves and the
coronary arteries are of clinical interest because these
findings can be responsive to problems involved in
cardiac surgery and angiography. One of these prob-
lems is any inconsistency of the size of the artificial
valve of the heart or insertion of coronary passages
during angiography7,8. The purpose of this study was
to accuratelymeasure heart valves, measure the thick-
ness of atria and ventricles and the septum between
them, and to examine the normal variations of coro-
nary arteries using direct dissection for evaluating and
determining qualitative changes in the heart. Cur-
rent indicators include indexes expressed in reference
books that are related to Western and European pop-
ulations, which are consistent with the height, weight,
or anthropometric dimensions of these populations.
Therefore, this study can be used for guidance by
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cardiologists, surgeons and medical practitioners in-
volved in the diagnosis and treatment of heart dis-
eases. These findings were observed following dissec-
tion fromdeaths referred to theDepartment of Foren-
sic Medicine in Isfahan, Iran.

MATERIAL—METHODS
In the study, 207 hearts from 207 cadavers (182
male and 25 female) were evaluated during gross
anatomy examination at Isfahan Medical University
(Iran). Postmortem coronary dissection was directly
performed in all corpses, with some exclusion crite-
ria such as cardiac disease, endocarditis, and aortic
root surgery. Overall autopsies were performed at the
Department of Forensic Medicine in Isfahan. These
hearts belonged to cases in the age group of 15-50. The
hearts were embalmed in 10% formalin.

Determinationof the anatomical indexes of
the coronary arteries
All hearts weremeticulously dissected and first, varia-
tions and anomaly of the coronary arteries were noted
and photographed along their path. Anatomical indi-
cators of coronary arteries were examined according
to the following characteristics:
1. Assessment of coronary artery dominance: Right
dominant system (A); left dominant system (B); and
balance (C) (Figure 1).
2. Assessment of the origin of the conus artery (CA),
derived from the trunk of the RCA, or originated
from a separate orifice in the anterior aortic sinus
(Figure 2).
3. SAA: derived from the right or left coronary artery,
or both; if separated from the right coronary artery,
first or second part (Figure 3).
4. AV:Whether derived from the right or left coronary
artery (Figure 1)
5. Determination of the branches of diagonal artery
(Figure 2C)
6. Determination of the length of the left coronary
artery (LCX). It is divided into three types: to the
left of the heart (short), between the left side of the
heart and crux (moderate), and after the crux (high)
(Figure 1A and B, Figure 2 C).
7. Passing the left and right coronary artery from the
crux region (for assessment of coronary artery domi-
nance) (Figure 1B and Figure 2 C).

Determination of anatomical indicators in
the heart
At this stage, heart indicators such as diameter of the
aorta and pulmonary artery, size of the mitral and tri-
cuspid valves, and thickness of the atria and ventricles
were examined 9–11.

Thickness of the right atrium
Thickness of the right atrium = (Thickness of smooth
area*+Thickness of rough area**)/2
*Thickness of smooth area: the thickness of the right
atrium in the sulcus terminalis (Figure 4 A).
**Thickness of rough area: the thickness of the right
atrium in the pectineal area (Figure 4 B)
Thickness of the right atrium
Thickness of the left atrium = (Thickness of smooth
area*+Thickness of rough area**)/2
*Thickness of smooth area: the thickness of the left
atrium in the orifice of the pulmonary vein (Figure 4
C).
**Thickness of rough area: the thickness of the left
atrium in the auricle (Figure 4 D).
Wall thickness of the right ventricle (RV): For this
purpose, an incision was made between the anterior
sinus of the pulmonary artery andparallel to theAIVA
up to the apex of the heart; then the average thick and
thin areas were measured with a caliper (Figure 5 A
and B).
Wall thickness of the left ventricle (LV): To deter-
mine the thickness of the right ventricle, an incision
was made between the anterior and posterior sinuses
of the aortic artery and, similar to the right side, con-
tinued to the apex of the heart. The thickness was the
average of thin and rough areas (Figure 5 C and D).

The size & diameter of heart valves
Themitral and tricuspid valve annulusweremeasured
in all heart evaluations. For this purpose, a divider,
thread and a millimeter scale was used. The diameter
of heart valves was taken by keeping a thread at the di-
vider border and the distance of the thread was mea-
sured with a millimeter scale. This method is simple
and does not require complicated tools.

Determination of the diameter of the aorta
and pulmonary artery
Human cadaver hearts were opened longitudinally
through the commissure between the left and right
coronary cusps. Subsequently, the specimens were
mounted flat and the annular circumference of aor-
tic and pulmonary margin were measured near the
cusps. Diameter of the valve was assessed through
standard circle mathematics, including the equation
C = 2nr (Figure 6).

RESULTS
Analysis of the coronary arteries of 207 cadavers that
were dissected in our university showed the LCA
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Figure 1: Dominance patterns on postmortem coronary dissection. (A) Right dominant system. (B) Left dom-
inant system. (C) Balance. Posterior interventricular artery (PIA), circumflex artery (LCX), left ventricle (LV), right
ventricle (RV), right atrium (RA) and left atrium (LA). The arrows indicate the Sino-atrial artery (SAA).

Figure 2: (A) Orifice of RCA in aortic sinus (Arrows); (B) A separate orifice in anterior aortic sinus(arrowhead); (C)
The branches of diagonal artery.

Figure 3: The SAA is separated from the first part (A), the second part of the coronary artery (B), both coro-
nary arteries (C) and left coronary artery (D), sino-atrial artery (SAA).

dominance type was present in 13/207 (6.3%) of cor-
pus, and balance type in 9/207 (4.3%) of corpus, while
the largest number 158/207 (89.4%) had the RCA type
of coronary dominance (Figure 1).
The normal distribution of coronal arteries wasmoni-
tored during the dissection. The findings showed that
77/207 (37.2%) of the arteries were separate from the
distinct orifice and 128/207 (61.8%) cases were segre-
gated from the right coronary artery; in 2/207 (1%) of
cases, this artery was absent.

In studying the origination of the SAA, the data
showed that 129/207 (62.3%) of arteries originated
from the first part of the RCA, 39/207 (18.8%) from
the second part of the RCA, 25/207 (12.1%) from the
LCA, 4/207 (1.9%) from the first part of the RCA and
the LCA, and 2/207 (1%) from second part of RCA
and LCA; in 8/207 (3.9%), this artery was absent.
In addition, the data showed that 186/207 (89.9%) of
the AV arteries stemmed from the right coronary ar-
teries, 19/207 (9.2%) stemmed from the left coronary
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Figure 4: Thickness of the right and left atria. Thickness of right atrium in the sulcus terminals (A) and pectineal
area (B), C and D showed the thickness of the left atrium in the orifice of the pulmonary vein (C) and left auricle
(D)

Figure 5: The images above depicts the thickness of the ventricles. A and B, Right ventricle (RV). C and D, Left
ventricle (LV).

Figure 6: Determine the diameter of the aorta and pulmonary artery (A and B). Aortic (A) and pulmonary
artery (B) opened to measure the inner circumference. Diameter of mitral (C) and tricuspid valves (D).

arteries, and in 2/207 (1%), this artery were absent.
There were also differences in the number of diago-
nal arteries in the dissected samples. The frequency
of this artery is shown in terms of numbers (Table 1).
There were differences in the frequency of the lengths
of the circumflex artery (LCX) that were measured by
coronary dissection (shown in Figure 1A and B, and
Figure 2 C). Thus, according to categorization of this
artery, 17.4% (36/207), 56.5% (117/207), and 25.6%
(53/207) of the arteries were short, moderate, and tall,
respectively. In 0.5% (1/207), the LCX was absent.
Also, 4 of the LCX were separated directly from the

RCA and placed in the main path after circumven-
tion of the aorta. In studying the passage of the RCA
andLCA from the crux region, the findings confirmed
that the RCA passed the crux in 163/207 (78.8%)
cases, while it was not crossed in 44/207 (21.3%) cases.
In the LCA, in 6/207 (2.9%) cases sampled, the arter-
ies crossed the crux area but in 201/207 (97.1%) cases,
it did not cross in the majority of specimens. Table 2
shows the results of quantitative assessments, includ-
ing ventricular wall thickness, atrial wall thickness,
interatrial wall thickness, interventricular wall thick-
ness, diameter of the aortic entrance and pulmonary
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Table 1: The number of diagonal arteries in the
dissectedsamples

Number of diagonal
artery

N No. of sample
(%)

1 19 9.2

2 73 35.3

3 68 32.9

4 35 16.9

5 10 4.8

6 2 1

Total 207 100

artery, and the large diameter of the mitral valve and
tricuspid.
An investigation of the sex relationship was carried
with the above 10 indicators and tests showed no sig-
nificant differences except in two cases (Figure 7).
The two significant cases are as follows:

1. The internal diameter of the aortic artery inmen
(23.97 ± 0.01) was greater than that of women
(20.76± 0.0.012), with p < 0.07.

2. The internal diameter of the pulmonary artery
in men (25.35 ± 0.02) was greater than that of
women (21.73± 0.023), with p < 0.07.

In addition, age correlation with the top anatomical
indicators, except for three, did not show significant
differences (p > 0.05). The four significant cases in-
clude the following:
With age, the interatrial wall becomes thicker (p <
0.02).
With age, the interventricular wall becomes thicker (p
< 0.006).
As age increases, the large diameter of themitral valve
rises (p < 0.01).
As age increases, the large diameter of the tricuspid
valve rises (p < 0.002).

DISCUSSION
Measuringmyocardial thickness is used for the detec-
tion of several cardiovascular diseases 11. Mean val-
ues of left atrial wall thickness as well as right and left
ventricle wall thickness in Gray’s Anatomy were listed
as 3 mm, 3 – 5 mm and 8 – 12 mm, respectively1.
Our study is similar to this textbook as the mean left
atrial wall thickness was 2.08 and the mean right and
left ventricle wall thickness measured were 3.35 and
8.36 mm, respectively. We showed that the thickness
of both atrium walls was equal, while based on the

Gray’s Anatomy textbook, the left atrium has thicker
walls than the right atrium. This morphometric dif-
ference might be due to race and geography of sam-
ples studied. This finding is important because atrial
thickness and structural features affect function, such
as the electrical wave-dynamic of atrial fibrillation12.
In addition, disorders of ventricular function may re-
sult from disease states that directly affect the heart
muscle because it is necessary to determine normal
muscle thickness13,14.
Matsukubo (1977) and Lang (2015) showed that the
right ventricular myocardial thickness was 3-5 mm;
their finding are in agreement with those in our
present study15,16. The left ventricular myocardial
thickness is transformed in cardiomyopathies, such as
hypertrophic cardiomyopathy, and is used to evaluate
the presence or absence of disease. Salton led a study
on the thickness of left ventricle using cardiac mag-
netic resonance (CMR), which found that left ven-
tricular myocardial thickness was 9.9 mm inmen and
8.7 mm in women, whereas in this current study, we
did not find any significant difference in ventricular
myocardial thickness between the two sexes. How-
ever, in this study, there was a relationship between
age and thickness of interatrial and interventricular
septum17.
The coronary artery is the main source of blood sup-
ply to the heart. Correct interpretation of anatomical
variations of the coronary artery is necessary for diag-
nosis and therapeutic intervention18. This variation
is often asymptomatic; however, detection of varia-
tion is important for purposes of re-vascularization,
angiography, and heart surgery 19.
In the present study, 89.4% of cases had RCA domi-
nance, 6.3% had LCA dominance, and 4.3% had bal-
ance or co-dominant coronary circulation, consistent
with other findings in the literature. The finding of
89.4% of right coronary artery dominance is similar
to the incidence found by Kalpana (2003) and Caval-
canti (1995), who observed right dominance in 89%
and 88.18% of cases, respectively20,21. Many authors
have confirmed percentages of right dominance as be-
ing between 60% and 80% 22,23. The dominance pat-
tern is similar between sexes in this study. A previous
study showed that although RCA dominance is com-
mon in the population, there may not be any associ-
ation between LCA dominance and heart disease. In
another study, it was found that in patients with acute
coronary syndrome, left dominance was an indepen-
dent predictor of enhanced long-term mortality 24,25.
The coronary dominance pattern can be related to
how the posterior interventricular artery (PIVA) sep-
arates. In a previous study, 70% of PIVA is a branch
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Table 2: Quantitative changes of wall thickness in chambers of the heart

Quantitative variables Mean SEM

Right atrium wall thickness 2.08 0.04

Left atrium wall thickness 2.08 0.04

Inter atrial wall thickness 4.92 0.08

Right ventricular wall thickness 3.35 0.05

Left ventricular wall thickness 8.36 0.13

Inter ventricular wall thickness 12.01 0.2

Diameter of the influx of the aorta 23.6 0.4

Diameter of the influx of the pulmonary artery 24.94 0.4

Large diameter of the mitral valve 34.16 0.27

Large diameter of the tricuspid valve 38.80 0.24

Figure 7: Scatter plot diagram between age and diameter of the large diameter of heart valve (A, mitral
valveandB, tricuspidvalve), andthicknessof septum(C, interatrial septumandD, interventricular septum).

of the RCA (known as right dominance), 10% is a
branch of the LCA (known as left dominance), and
20% is an anastomosis of the LCA and RCA (known
as balance)26. James (1961), and Baroldi and Sco-
mazzoni (1965) showed that in 70% of cases, the RCA
passes beyond the crux cordis, while in our study,
RCA crossed in 78.8% of cases, which is different
from the above studies27,28. On the other hand, in
our study, it was found that the coronal artery was
detached in 61.4% of the RCA and in 37.2% of the
main trunk. In agreement with our findings, Gray’s

textbook mentions the coronal artery in 64% of cases
originating from the RCA and 36% separately from
the aortic sinus. In another study of 38 dissected adult
hearts, only 6 cases (15.8%) showed the coronal artery
isolated from the aortic sinus29.
The SAA is not related to coronary arterial domi-
nance30,31. According to Gray’s, this artery is sepa-
rate from RCA in 65% of specimens and 35% of the
first part of circumflex coronary artery (CCA) 1. The
SAA pattern in the present study was 81.1% from the
RCA, 12.1% from the LCA, 2.9% in both, and absent
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in 3.9%, which are consistent with those found in the
literature. Based on the standard textbook, AV node
artery often originates from the RCA (80%). Simi-
larly, incidence of this anomaly was found in 89.9% of
our study population. The origin of AV node artery is
dependent on coronary arterial dominance 30,31.

CONCLUSION
The data from this study can provide indicators for
an anthropometric index of the heart and coronary
artery in the Iranian population. Several studies with
large sample sizes (male and female) and advanced
techniques (echocardiography, MRI and angiogra-
phy) are required to augment data about the anatom-
ical features of normal heart and coronary artery.

ABBREVIATIONS
AIVA: Anterior interventricular
AR: Atrial rami
AV: Atrioventricular artery
CA: Conus artery
CMR: Cardiac magnetic resonance
LCA: Left coronary artery
LCX: Left circumflex branches
LV: Left ventricle
MA: Marginal artery
PIVA: Posterior interventricular artery
RCA: Right coronary artery
RV: Right ventricle
SAA: Sino-atrial artery
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