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The normal data of the tricuspid valve complex is of great clinical importance in
the light of progress in cardiosurgery and the development of novel operating
techniques. A range of measurements for the right atrioventricular orifice in
96 human adult hearts was examined by means of anatomical dissection, in-
spection, examination, and statistical analyses. The length of the attachment of
the anterior leaflet increased significantly between group I (aged 18–40 years)
and group II (aged 41–64 years) in women only. In men there were no signifi-
cant differences in this parameter between any of the three age groups. In
addition, the attachment length of the posterior leaflet in women increased
statistically in the second age group. In men, in contrast, the attachment length
of the posterior leaflet did not increase significantly between the first and sec-
ond age groups and became significantly larger only in oldest age group, con-
sisting of men aged over 65. No statistically significant differences between the
three age groups were found for the attachment length of the septal leaflet
(p > 0.05). In female hearts significant increases in the frontal and sagittal
dimensions of the tricuspid valve orifice were observed between the second
age group and the group aged over 65. In male hearts both the frontal and
sagittal dimensions increased significantly with advanced age. The right atrio-
ventricular orifice expressed as the ellipse area was statistically greater than the
triangular area (p < 0.01) in each age group. It should be noticed that both
areas increased significantly during ageing. This study has demonstrated that
the shape of the right atrioventricular orifice evolves during life, from a triangu-
lar shape to a more elliptical shape. (Folia Morphol 2008; 67: 53–57)
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INTRODUCTION
The anatomy of the tricuspid valvar complex is

highly sophisticated [13, 18–20], but understanding
of it may be helpful in the practice of cardiac sur-
gery, especially in the partial transfer of leaflets of
the tricuspid valve for mitral valve repairs [1, 2, 4].
The right atrioventricular valve region may be involved
in severe cardiac malformations [5, 7–11, 15]. Surgi-
cal techniques of tricuspid valve repair have been de-
veloped that are equally effective in correcting pure-
ly functional and organic valvular incompetence [14].
The tricuspid valve is situated on the right atrioven-
tricular orifice and joins two chambers of the heart
which differ greatly in shape. Cross-sections of the
right atrium performed parallel to the plane of the
tricuspid valve resemble an ellipse or a circle. On the
other hand, analogical cross-sections of the right
ventricle appear more triangular. Comparison of the
right atrioventricular orifice to these figures may be
helpful in understanding which chamber exerts the
greater influence on the shape of the tricuspid valve.
Published works on the normal dimensions of the right
atrioventricular orifice are surprisingly scant [12, 17].
Moreover, values accepted as normal are frequently
based on angiography or echocardiography, meth-
ods known to have many sources of error.

The present study was undertaken in order to
construct a normal range for the different dimen-
sions of the tricuspid valve orifice, which may be help-
ful for cardiosurgeons and invasive cardiologists, who
use direct dimensions of this region.

The objectives for the present study were set to
examine:
— the attachment length of the anterior, posterior

and septal leaflets;
— the frontal and sagittal dimensions of the tricus-

pid valve attachment;
— the right atrioventricular orifice area;
— the circumference of the tricuspid valve attach-

ment orifice;
— the evolution of the dimensions of the right atrio-

ventricular orifice with ageing.

MATERIAL AND METHODS
The examinations were carried out on 96 forma-

lin-fixed hearts, without malformations or patholog-
ical changes, of adult humans of both sexes (69 men,
27 women) who had died from non-vascular diseas-
es and who had ranged in age from 18 to 90 years.
The hearts were non-macerated and preserved by
immersion in 4% neutral formalin solution and then
dissected under a surgical microscope. The heart spec-

imens were grouped into three cohorts correspond-
ing to age: 48 hearts were obtained from adults
(39 men, 9 women) aged between 18 and 40 years
(group I), 39 hearts were obtained from adults
(25 men, 14 women) aged between 41 and 64 years
(group II), and 9 hearts were obtained from adults
(5 men, 4 women) aged 65 and above (group III).

Dissection of the fixed hearts was performed ac-
cording to standard autopsy techniques. Each heart
was opened along the path of the blood flow, from
the inferior vena cava orifice to the right atrioven-
tricular orifice. Afterwards, using a nonius scale for
each heart, the following six measurements (1–6) were
made of the right atrioventricular orifice (Fig. 1): the
anterior (1), posterior (2) septal (3), frontal (4) and
sagittal (5) attachment lengths of the particular leaf-
lets of the tricuspid valve and, by means of a flexible
millimetre ruler, the atrial circumference of the tri-
cuspid valve attachment (6). The frontal dimension
of the tricuspid valve was measured from the com-
missure between the anterior and septal leaflet of
the tricuspid valve along the axis of the right atrio-
ventricular orifice to the sharp margin of the right
ventricle. The sagittal dimension was measured per-
pendicularly to the frontal dimension at the midpoint
of its length.

On the basis of examination of these measure-
ments a triangle was constructed and an ellipse to
determine the shape of the atrioventricular orifice.
The triangle was marked using dimensions 1–3, and

Figure 1. Measurement of the right atrioventricular orifice;
the attachment lengths of the particular leaflets of the tricuspid
valve: the anterior (1), posterior (2) and septal (3), the frontal (4)
and sagittal (5) dimensions of the tricuspid valve attachment.
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sagittal dimensions increased significantly with age-
ing in male hearts, from 26.33 ± 4.25 mm to 31.1 ±
± 3.49 mm for the frontal dimension, and from
18.67 ± 4.97 mm to 22.8 ± 4.27 mm for the sagittal
dimension. The right atrioventricular orifice expressed
as the ellipse area was statistically greater than the
triangle area (p < 0.01) in each age group (Table 1).
It should be noted that both areas increased signifi-
cantly with advanced age. The morphometric data
indicated that the right atrioventricular orifice
changed its shape with ageing. In the younger hearts
it resembled a triangle, while in the older hearts it
was elliptical (Fig. 3A, B).

DISCUSSION
The leaflets of the tricuspid valve develop equally

from the endocardial cushion tissues and the myo-
cardium. The myocardium contributing to the tri-
cuspid valve comes from two sources: the tricuspid
gully complex and the developing supraventricular
crest [6]. The anterior leaflet is the largest and is
attached chiefly to the atrioventricular junction from
the anteroposterior commissure to the anteroseptal
commissure on the posterolateral aspect of the su-
praventricular crest, but it extends along its septal
limb to the membranous septum. The posterior leaf-
let is mural in all of the attachment length, originat-
ing at the anteroposterior commissure and ending
at the posteroseptal commissure. The septal leaflet
attachment passes from the posterior ventricular
wall, goes across the muscular septum and then an-
gles across the membranous septum to the anterosep-
tal commissure. The right atrioventricular orifice,
from its atrial aspect, has a clear line of transition
from the atrial wall or septum to the bases of the
valvar leaflets.

The right atrioventricular orifice is the largest valve
orifice. According to Silver et al. [16], its circumfer-
ence reached a value of 114 ± 11 mm in males and
108 ± 13 mm in females. Our results, in which the
circumference of the tricuspid valve ranged from
107.28 ± 16.76 mm to 120.9 ± 20.95 mm in men
and from 104.04 ± 16.76 mm to 110.75 ± 14.38 mm
in women, corresponded to these. The tricuspid valve
orifice has been described as almost circular or oval.
When roughly triangular with rounded angles, its
marginal sectors are described as anterior, posterior
and septal, corresponding to the bases of the valvar
leaflets [16]. This study concerned the specimens of
a limited number of hearts but with representation
ofthe different decades, thus allowing a sound
statistical analysis. In our study the attachment

Figure 2. The area and perimeter of the triangle and the area
and circumference of the ellipse.

the ellipse was based on dimensions 4 and 5. The
areas of these figures were calculated according to
formulae, as displayed in Figure 2. Finally, the results
obtained were statistically analysed by one-way anal-
ysis of variance (ANOVA) for independent variables
(means for three groups). Student’s t test for two
independent variables was used to determine the sta-
tistical significance of gender differences.

RESULTS
The attachment length of the anterior leaflet

ranged in men from 33.56 ± 6.32 mm to 34.2 ±
± 6.57 mm, and in women from 31.17 ± 7.10 mm
to 31.88 ± 5.84 mm. Statistical differences were ob-
served between age groups I and II in women, only
(p < 0.05). In men there were no significant differ-
ences between the age groups for this parameter. In
addition, the attachment length of the posterior leaflet
increased significantly from 27.61 ± 6.61 mm (group I)
to 36.22 ± 9.80 mm (group II) in the female hearts.
In the male hearts the attachment length of the
posterior leaflet did not differ significantly between
the first and second age groups, increasing from
28.56 ± 7.10 mm to 28.9 ± 6.56 mm. This length
was significantly greater (38.4 ± 11.28 mm) in those
hearts taken from cadavers aged over 65 years. No
statistically significant differences were found between
the three age groups for the attachment length of
the septal leaflet (p > 0.05).

In female hearts significant increases in the fron-
tal and sagittal dimensions of the tricuspid valve or-
ifice were observed between the second age group
and the group aged over 65, from 26.31 ± 4.74 mm
to 29.13 ± 1.84 mm, and from 18.16 ± 4.36 mm to
22.0 ± 0.82 mm, respectively. Both the frontal and
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length of the septal leaflet was the most stable,
whereas the attachment length of the posterior leaf-
let was the most variable. The significant differenc-
es occurred in the attachment length of the anterior
leaflet between age groups I and II in women, and
in the attachment length of the posterior leaflet
between groups II and III in men. The echocardio-
graphic study performed by King et al. [3] in 103
children aged 1 day to 15 years indicated that the
tricuspid annular diameter increased in proportion

to the logarithm of the weight and body surface
area (BSA). The best predictor of valve annular
diameter was a logarithmic function of BSA with
a correlation coefficient r = 0.92. These authors
concluded that knowledge of the normal tricuspid
valve annular diameter should be useful in planning
palliative or corrective surgery in children with con-
genital heart disease [11].

The frontal and sagittal dimensions of the right
atrioventricular orifice increased in women between

Table 1. Morphometry of different dimensions (x ± SD) in mm of the right atrioventricular orifice

Measurement Sex Age groups

I (18–40 years) II (41–65 years) III (above 65 years)

Anterior leaflet attachment Men 33.56 ± 6.32 34.68 ± 6.41 34.2 ± 6.57

Women 31.17 ± 7.10 34.72 ± 6.08 31.88 ± 5.84

Posterior leaflet attachment Men 28.56 ± 7.10 28.9 ± 6.56 38.4 ± 11.28

Women 27.61 ± 6.61 36.22 ± 9.80 32.50 ± 7.85

Septal leaflet attachment Men 29.14 ± 4.59 29.98 ± 5.29 28.5 ± 4.64

Women 29.5 ± 3.67 28.97 ± 5.34 29.75 ± 6.5

Frontal dimension Men 26.33 ± 4.25 29.42 ± 5.11 31.1 ± 3.49

Women 24.89 ± 3.95 26.31 ± 4.74 29.13 ± 1.84

Sagittal dimension Men 18.67 ± 4.97 21.1 ± 5.26 22.8 ± 4.27

Women 18.44 ± 4.42 18.16 ± 4.36 22.0 ± 0.82

Circumference of the tricuspid valve Men 107.28 ± 16.76 115.06 ± 13.52 120.9 ± 20.95

Women 104.06 ± 16.76 111.56 ± 13.17 110.75 ± 14.38

Tricuspid valve Triangle area Men 365.18 ± 99.23 391.5 ± 106.96 431.37 ± 89.0
orifice area and women

Ellipse area Men 378.33 ± 140.2 452.07 ± 177.66 535.99 ± 96.68
and women

Figure 3. A. Triangular shape of the tricuspid orifice in the heart of an 18-year-old man; B. Elliptical shape of the tricuspid orifice in the
heart of a 67-year-old man.
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age groups II and III, and in men between all age
groups in this study. Sairanen and Louhimo [12] found
that the dimensions of the tricuspid valve orifice were
closely correlated (r = 0.96) with age, body weight,
height and BSA according to the logarithmic model
in children ranging from 0.27 to 14.6 years. Schna-
bel et al. [13] showed that in 24 healthy subjects and
74 patients with right ventricular failure the dimen-
sions of the tricuspid valve annulus were equally as-
sessable in both groups, but leaflet thickness and
mobility were not significantly different.

Our findings indicated that the right atrioven-
tricular orifice area increased gradually in the three
age groups. The results of our research demonstrate
that the tricuspid valve orifice areas, expressed as
a triangle and an ellipse, increased between age
groups I and III from 365.18 ± 99.23 mm2 to 431.37 ±
± 89.0 mm2, and from 378.33 ± 140.2 mm2 to
535.99 ± 96.68 mm2, respectively. In each age
group the elliptical area was significantly greater
than the triangular area. This study has demon-
strated that the shape of the right atrioventricu-
lar orifice evolves during life from a triangle to an
ellipse. Singh and Mohan [17] found that in 78
healthy subjects aged from 2 months to 50 years
the tricuspid valve orifice area reached a value of
4.07 ± 1.5 cm2 and ranged from 0.62 to 7.2 cm2.
The tricuspid valve orifice area was significantly
correlated to BSA (r = 0.77) and age (r = 0.61).
These data provide normal values for the right atri-
oventricular orifice area in normal subjects and sup-
port the practice of indexing valve area by body
surface area.

We conclude that the dimensions of the tricus-
pid orifice presented will serve as reference data
for further studies and clinical use in patients with
various cardiac abnormalities.
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