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CHAPTER 11 ANTERIOR LEAFLET STRAINS 
 
In Chapter 10, we found that while the mitral valve was closed, anterior leaflet surface area was 
constant to within a few percent over a wide range of left ventricular pressures. In this chapter, we 
attempt to better understand the underlying basis for this very small systolic area change. 
 
Stevanella et al.1  analyzed anterior leaflet strains by finite element analysis in three ovine hearts that 
had the same marker array as six hearts (H1-H6) studied in this book. Five time-points (Figure 11.1) were 
identified during the time the mitral valve was closed: t1, mitral valve closure; t2, end IVC; t3, LVPmax; 
t4, the time when LVP mostly closely matched LVP at t2; and t5, the sample immediately preceding 
mitral valve opening. 
 
The undeformed reference frame for 
this analysis was taken at t5, as at this 
time the trans-leaflet pressure is both 
defined and minimum as can be seen by 
the nearly equal left ventricular and left 
atrial pressures at t5 in Figure 11.1. 
 
The results of this analysis are shown in 
Figures 11.2. A key finding of this study 
was that radial surface strains are 
largely compressive with increasing LVP 
(see Figure 11.2 right block where these 
small compressive strains are 
highlighted in black), while 
circumferential surface strains are 
largely tensile (note the absence of the 
black compressive zones in the left block of Figure 11.2).  These compressive/tensile strains are mostly 
expected, given the fact that much of the anterior leaflet radial curvature is convex to the LV in the 
closed valve, thus compresses as LVP increases, while much of the circumferential curvature is concave 
to this chamber, thus stretches with LVP increase. 
 
This strain pattern is consistent with the nearly constant anterior leaflet area shown over this same time 
interval in Chapter 10. If radial surface dimensions decrease and circumferential surface dimensions 
increase as LVP increases, then surface area, the product of these two dimensions will change less than 
if both radial and circumferential strains were of the same sign. In this regard, tensile circumferential 
strains were on the order of 1% in the annular and belly region of the leaflet, while radial strains were 
on the order of -0.2% in these regions. Again, these small (and offsetting) strains are consistent with a 
constant leaflet area in the closed valve. Further, they are consistent with the concept of an anterior 
leaflet that is very stiff throughout systole, remaining at nearly constant shape in the face of widely 
varying hemodynamic variables, as demonstrated in Chapter 9. 
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Figure 11.1 Time course of left ventricular pressure (black) 
and left atrial pressure (gray) in three consecutive beats, with 
the five time points (t1-t5) and four time intervals (dt1-dt4) 
used in the FE analysis.  
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Figure 11.2 Anterior leaflet strains from MVC to MVO for three hearts re-color-coded from Stevanella, 
et al 2011.Black is compression. 
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