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ABSTRACT 

 

Heart disease is one of the major causes for mortality and morbidity in our country. 
Cardiac valvular anomalies and abnormalities form an important factor for heart 
disease. The incidence of Mitral Valve Prolapse Syndrome is a silent contributor to the 
increasing statistics of heart disease. The aim of the study is to measure the dimensions 
of the mitral valve in cadaveric human hearts and compare it with autopsied heart 
specimens. The study involves 45 cadaveric and 15 autopsy heart specimens. The left 
atrium and left ventricle were cut open and valves were examined and measurements of 
the Mitral valves were taken using Vernier caliper. The circumference and area of mitral 
annulus differs by 1 cm in cadaveric heart specimens from autopsied heart specimens 
due to the effect of fixation whereas the annular diameter more or less equal in both 
specimens. The maximum length of leaflets of all cusps was high in autopsied hearts 
when compared with that of cadaveric hearts. The leaflet attachment of cusp was found 
to be high in cadaveric hearts than the autopsied heart. The present study findings of 
autopsied heart specimens can be applied to improve several surgical repair techniques 
and in valvular replacements. 
 
KEY WORDS – Mitral valve, , Cusp, Leaflet, Scallop, Autopsied heart specimens, Cadaveric heart 
specimens.  
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INTRODUCTION 

 
Heart disease is one of the major causes for 
mortality and morbidity in India. This is primarily 
due to an increasing incidence of  the sedentary 
life style of Indians. Cardiac valvular anomalies 
and abnormalities form an important factor for 
heart disease. The incidence of mitral valve 
Prolapse syndrome (MVPS) is a silent 
contributor to the increasing statistics of heart 
disease. Although mitral valve is described as 
bicuspid in standard textbooks, there are 
numerous instances of literature where 
additional clefts have been demonstrated 
contrary to established and conventional 
teaching, which could be a contributory cause for 
MVPS 1. The disorders involving the valves of 
the heart disturbs the pumping efficacy of the 
heart. Cadaveric organ donation acceptance of 
the heart tissue was 93% and that of the other 
organ were 94% for ocular, 87% for 
musculoskeletal and 89% for skin according to 
an Asian study 2. Human Mitral valve is the 
complex, dynamic, and highly variable structure. 
Mitral valve has an orifice with its supporting 
annulus, leaflets, a variety of tendinous chordae 
and papillary muscles 1. In ventricular systole the 
posterior part of mitral valve undergoes 
shortening by about 30% whereas the anterior 
part remains unchanged this is a crucial factor 
responsible for competence of mitral valve which 
is necessary for cardiothoracic surgeons who do 
procedures on mitral valve 3. Shamim et al states 
that the dimensions of mitral valve do not show 
any racial difference 4. The cusps are anterior 
aortic and posterior mural cusp with two 
commissural cusps being anteromedial and 
posterolateral. In some mitral valves accessory 
leaflets have been described in the posterior 
cusp 5. A few studies indicate that there is no 
difference in the diameter and circumference of 
the mitral valve but in a study by Krishnaiah et al 
demonstrate that there is a marginal difference 
between Indian and western subjects and 
minimal difference between male and female 
also. These differences would be of paramount 
importance to a surgeon and will be crucial when 
valve replacements are being considered 6.  
 

 AIM OF THE STUDY 
To measure the dimensions of the mitral valve, 
the annulus and the supporting structures 
maintaining valve in cadaveric human hearts and 
compare it with autopsied heart specimens. To 
observe and report the variations in the cleft and 
scallops in each cusp of the mitral valve.  
  

MATERIALS AND METHODS 

 

A total of 45 adult cadaveric human hearts and 
15 autopsied adult human hearts of both sexes 
were taken up for the study after obtaining 
ethical clearance from institutional ethics 
committee. Autopsied hearts were fixed in 
formalin for 3 days, measurements were taken 
from all the hearts on the 4th day, whereas in 
cadaveric hearts the measurements were taken 
from hearts of fresh cadavers i.e., cadavers 
which were embalmed for the purpose of 
dissection and the duration of embalming was 
less than a year. The study is a prospective 
study carried out in the department of Anatomy, 
VMKV Medical College. 
 
Materials  
Gauze cradle, Vernier caliper, measuring scale, 
hand lens, digital photographic equipment, 
dissecting microscope, dissecting instruments 
were used for the study. 
 
Methods 
The following parameters were measured  
a) Circumference of mitral annulus – it was taken 

as the sum of measurement of each cusps 
attached to annulus [Fig-1],  

b) Annular diameter – was deducted from the 
calculated circumference of the mitral 
annulus using the formula C/╥ cm (C- 
circumference of valve) 6,  

c) Area of valve - was calculated using the 
formula C 2 / 4╥ Sq.cm (C- circumference of 
valve) 8 

d) Mitral cusps were measured from the 
attachment of the leaflet to the annulus, 
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e) Maximum length of the valves was measured 
from the attached margin to free margin of 
the cusps 

f) The number of clefts and scallops in each 
cusps was closely observed with a hand lens 
and dissecting microscope [Fig-3& 4]  

 

Procedure 
The left atrium and the left ventricle were cut 
along the left border of the heart and exposed, 
taking care not to injure the valve. All the above 
mentioned parameters were taken by 
suspending the heart in a gauze cradle (Fig – 2).

                          
          

 
 

Statistical analysis 
The resultant measurements obtained were statistically analyzed using SPSS software to calculate 
the Mean, Standard deviation, Standard error mean and P value for significance of the study.            
 

RESULTS 

 

The mean circumference of the mitral annulus in 
cadaveric hearts was less than the mean 
circumference in autopsied hearts and was 
significant [Table-1]. The annular diameter in a 

cadaveric hearts was also less than that of 
autopsied human hearts. The mitral valve was 
wider in autopsied hearts [Table-1]. The 
measurements of attachments of leaflets of 
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aortic, mural, anteromedial and posterolateral 
leaflets were wider in cadaveric human hearts 
than autopsied human hearts. However the 
mean lengths of the leaflets were shorter in 
cadaveric hearts [Table -2]. The aortic cusp 
showed no clefts or scallop in 50% of the 

specimens. In the other half it exhibited two cleft 
and three scallops and few with one cleft and 
two scallops. In the mural cusp a large number 
of specimens showed no cleft and only one 
scallop however a few specimens exhibited 4 
clefts and 5 scallops [Table -3].  

 
Table-1 

Measurements of Mitral Annulus 
 

S.no Measurements Mean ± SD 

Cadaveric Hearts (n=45)  Autopsied Hearts (n=15) 
1 Circumference (cm) 7.92 ± 0.14 

 
8.95± 0.07*** 

2 Annular Diameter (cm) 2.54 ± 0.07 
 

2.8 ± 0.06*** 

3 Area (Sq.cm) 5.04 ± 0.01 6.37 ±0.02*** 
 

                                       ns – non significant, * - significant, P -  value *P<0.05, **P< 0.01, ***P<0.001 

 
Table -2 

Measurement of Mitral cusps 
 

Mitral cusps Cusps of Cadaver heart 
Mean ± SD (cm) 

Cusps of Autopsy heart 
Mean ± SD (cm) 

Aortic Mural AM PL Aortic Mural AM PL 
Leaflets 
attachments 

2.85 ± 0.07 
 

3.26 ± 0.03 0.83 ± 0.02 
      

0.60 ± 0.01 
    

2.50 ± 0.14*** 
 

3.13 ± 0.01*** 
   

0.72 ± 0.07*** 
 

0.61± 0.04 ns 
 

Maximum 
length of 
leaflets  

1.63 ± 0.02 
 

0.95 ± 0.07  0.73 ± 0.09 
     

0.65 ± 0.07 
     

1.80± 0.14*** 
 

1.30 ± 0.12*** 
 

0.88 ± 0.01*** 0.61 ± 0.01* 

ns – non significant, * - significant, P -  value *P<0.05, **P< 0.01, ***P<0.001 

 
Table -3 

Clefts & Scallop of Mitral valves 
 

S.no Clefts & Scallop No. of Specimens 
  Aortic cusp Mural 

cusp 

1 No cleft & 1 Scallop 27 18 
2 1 cleft & 2 Scallop 6 9 
3 2 cleft & 3 Scallop 27 6 
4 3 cleft & 4 Scallop 0 12 
5 4 cleft & 5 Scallop 0 15 

 

DISCUSSION 

 

Mitral valve orifice is a well defined transitional 
zone between left atrial wall and the left 
ventricle. It is smaller than the tricuspid valve 
with a mean circumference of 9 cm in male & 7.2 
cm in female 1. The posterior cusps and its 
attachment to the mitral annulus are wider than 
the anterior cusp of the mitral valve. Mitral 
regurgitation occurs only when the annulus is 
more than one and half dilated with an apical 
displacement of the posteromedial papillary 

muscle, indicating that the mitral valve 
compensates for annular dilation because of the 
wide surface of its leaflets 3.  In the present study 
the mean circumference of the mitral annulus 
was greater in the autopsied human hearts 
(8.95±0.07) cm than the cadaveric human hearts 
7.92±0.14 cm statistically significant (P<0.001) 
which was corresponding and comparable with a 
study by Klues et al., in cadaveric human hearts 
8.2±2.8 cm 9. The annular diameter in autopsied 
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human hearts was more than cadaveric human 
hearts this could have been an effect of fixation. 
However in Cadaveric hearts mitral valve 
annular diameter was about 2.54±0.07 cm and in 
autopsied hearts it was 2.8±0.06 cm significant  
(P<0.001). Krishnaiah et al., 2011 reported the 
annular diameter of mitral valve orifice by 
echocardiographic study which was 2.19 cm in 
male and 1.96 cm in female, annular diameter of 
the present study coincides with the 
measurements reported by Krishnaiah et al 6. 
The measurement of mitral cusps was recorded 
as the leaflet attachment to the mitral annulus 
and also measured the maximum length of the 
leaflets [Table-2]. In cadaveric hearts aortic 
leaflet was 2.85±0.07 cm, mural 3.26±0.03 cm, 
anteromedial 0.83±0.02 cm and posteromedial 
0.60±0.01 cm respectively. In autopsied hearts 
the aortic leaflet was 2.50±0.14 cm, mural 
3.13±0.01 cm, anteromedial 0.72±0.07 cm and 
posteromedial 0.61±0.04 cm respectively when 
compared significant (P<0.001) except 
posterolateral cusp was insignificant. Sakai et 
al., 1999 stated the attachment of aortic leaflets 
3.20± 4.9cm, mural 4.7±3.6cm, anterior 
commissural 0.7±2.1 cm and posterior 
commissural 0.72± 2.1 cm whereas according to 
the study done by Carpentier et al., the leaflet 
attachments of aortic cusp was 3.2±1.3cm, other 
measurements showed vast difference from the 
measurements reported by Carpentier et al.7 &10. 
The maximum length of the leaflets of cadaveric 
heart’s aortic leaflet was 1.63±0.02 cm, mural 
0.95±0.07 cm, anteromedial 0.73±0.09 cm and 
posteromedial 0.65±0.07 cm respectively. In 
autopsied heart’s the aortic leaflet was 1.80±0.14 
cm, mural 1.30±0.02 cm, anteromedial 
0.88±0.01 cm and posteromedial 0.61±0.01 cm 
respectively. When compared among both 
specimens they were highly significant (P<0.001) 
[Table-2]. According to a study by Patil. et al.,. 
2009 which was done in 50 human cadaveric 
hearts showed an average length of valve ring 
being 8.248 cm, the length of the free edge of 
valve ring was 7.362 cm and maximum length of 
the leaflets being anterior 1.924 cm and posterior 
1.104 cm11. According to a study done by Klues. 
et al. 1992 who measured the mitral valve in 
cadaveric hearts, the findings were as follows 

anterior leaflet length (1.8 ± 2.8 cm) and 
posterior leaflet length 1.1 ± 0.2 cm9. In the 
present study the aortic cusp in 27 specimens 
showed no cleft and one scallop, 6 specimens 
with 1 cleft and 2 scallop, 27 specimens with 2 
clefts and 3 scallop. The mural cusp s in 18 
specimens showed with no cleft and one scallop, 
9 specimens with 1 cleft and 2 scallops, 6 
specimens with 2 clefts and 3 scallops, 12 
specimens with 3 clefts and 4 scallops, 15 
specimens with 4 clefts and 5 scallops [Table-3]. 
The above mentioned findings collaborated with 
Carpentier’s nomenclature. Based on his 
classification some were standard clefts and 
some were deviant clefts 12, 13. However in a 
study by Quill et.al.2009 deviant clefts were less 
often present than standard clefts and they were 
not always present at their described position 14.  
 

CONCLUSION  

 

The mitral valve complex is a highly 
sophisticated structure which varies in normal 
anatomical presentations from individual to 
individual, hence the dimensions of the mitral 
valve and its variations will play an important role 
in deciding the outcome of any successful 
surgical intervention. So knowledge of mitral 
valvular apparatus and its variations can be 
applied to improve several surgical repair 
techniques involving the annulus, leaflets, 
chordae tendinae, and papillary muscles. The 
dimensions of mitral valve structure are 
important during surgical interventions like 
Valvotomy, Valve repair and prosthetic valve 
replacements. The knowledge of leaflets and 
clefts and its variations is needed for 
interventional procedures to repair or replace the 
dysfunctional valves. The effect of formalin 
fixation of heart specimens causes mild 
shrinkage of mitral valvular components and the 
morphometric data collected from cadaveric 
heart specimens cannot be applied for mitral 
valvular surgeries whereas the variation in clefts 
and scallops of leaflets can be used. The present 
study findings of autopsied heart specimens can 
be applied to improve several surgical valvular 
repair techniques and its replacements.  
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