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Figure 36.1 COM-series marker array. See 
Chapter 23 text for marker locations. 

CHAPTER 36 COAPTATION REPEATABILITY AND RIGIDITY 
 
Competent mitral valve closure requires tight coaptation of the edge surfaces of the anterior and 
posterior leaflets. This chapter explores the precision with which specific sites on these surfaces are 
geometrically aligned at the beginning of each beat (repeatability) and the precision with which this 
alignment is maintained throughout left ventricular ejection (rigidity). 
 
Figure 36.1 repeats, for reference purposes, the marker array for 
the ovine COM-series discussed in Chapters 23-27 (see also the 
COM data and animations in Appendix E). The 5 markers on the 
anterior leaflet edge and the 9 opposing posterior leaflet edge 
markers allow 3-D measurements every 16.7 ms of geometric 
leaflet edge alignments at the beginning of each beat as well as 
throughout left ventricular ejection for each beat. 
 
Figures 36.2-36.7 display the distances between apposed leaflet 
edge markers throughout three cardiac cycles in each of 6 COM 
hearts. Visual inspection of the top panel in each figure suggests 
that edge-edge geometric relationships are highly repeatable 
from beat to beat, as well as throughout each beat, but a further 
analysis was conducted to quantify these relationships.  
 
If Dxxyy(f) is the distance between markers xx and yy in frame f, and Dxxyysysavg is the average distance 
between these markers in the closed valve for all three beats, combined, then the difference between 
these quantities, Dxxyydev(f) = Dxxyy(f)  ̶  Dxxyysysavg is the deviation of the distance between markers 
xx and yy for each frame from their 3-beat systolic average. The lower middle panel in Figures 36.2-36.7 
illustrates all Dxxyydev(f) on an expanded scale for one beat from the upper panel in each heart. Again, 
these graphs suggest that edge-edge geometric relationships are highly repeatable from beat to beat, as 
well as during each beat, but Table 36.1 (below), showing the standard deviation (mm) for each 
Dxxyydev(f) during the time the valve was closed for all three beats combined, further quantifies this 
conclusion.  

 
Thus, in this study, these sites on the leaflet edges were reproducibly aligned at the beginning of each 
beat with mm (and typically sub-mm) precision and this alignment precision was preserved, as though 
the coaptation region was nearly-rigid, in the closed valve for the duration of each beat. 

HEART D0403 D0405 D0406 D00706 D0708 D0709 D1009 D1011 D1012 
C-1 0.6 0.6 0.9 1.0 0.6 1.8 0.5 0.6 0.6 
C-2 0.2 0.4 0.2 0.2 0.3 0.6 0.3 0.4 0.2 
C-3 0.3 0.3 0.3 0.5 0.7 0.9 0.5 0.4 0.1 
C-4 0.6 0.5 0.5 0.9 0.8 1.6 0.6 0.4 0.2 
C-5 0.3 0.4 0.5 0.3 0.3 0.4 0.3 0.3 0.6 
C-6 0.2 0.2 0.3 0.2 0.3 0.2 0.4 0.3 0.3 

          MEDIAN 0.3 0.4 0.4 0.4 0.5 0.7 0.4 0.4 0.3 
MAX 0.6 0.6 0.9 1.0 0.8 1.8 0.6 0.6 0.6 
MIN 0.2 0.2 0.2 0.2 0.3 0.2 0.3 0.3 0.1 
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Figures 36.8-36.13, again utilizing data from hearts C1-C6  (Appendix E), further demonstrate this 
coaptation repeatability and rigidity in the closed valve.  In each frame of each heart, a best-fit annular 
plane was obtained from Markers #15-22, the projection of Marker #22 was translated to the origin, the 
projection of Marker #18 was rotated to lie on the minus X-axis, and the best-fit annular plane was 
rotated to coincide with the X-Y plane. In this orientation, the posterior leaflet P1 scallop had a positive 
Y-coordinate and the left ventricular aspect of the valve a negative Z-coordinate. 
 
Note, in Figures 36.8-36.13, the tightly superimposed curves indicating, not only positional stability 
during ejection and during large reductions in left ventricular pressure during isovolumic relaxation, but 
that these valve components returned to the same positions in each of the three sequential beats. We 
interpret this positional stability as reflecting the importance of all chordae in guiding the exact positions 
of all portions of the leaflet at the moment of closure, with subsequent rigidity attributable to additional 
aspects of valve geometry and mechanics discussed in Chapters 9, 10, 11, 13, 22, 29, and 41.   

http://dx.doi.org/10.3384/book.diva-117057


CHAPTER 36 COAPTATION REPEATABILITY AND RIGIDITY      36-3 

MITRAL VALVE MECHANICS   by Neil B. Ingels, Jr. and Matts Karlsson 

 
 
  

 
Figure 36.2 Top panel: Inter-marker distances (e.g., D0403=Distance from marker #04 to #03) with scaled left 
ventricular pressure (LVP/3, for timing) for C1 COM07R04. Frame rate=60sec-1 Lower left panel: Marker 
locations, mm scales. Lower middle panel: One-beat example of the deviation (mm) from the systolic mean for 
each inter-marker distance (LVP/10 for timing). Lower right panel: Color-code for inter-marker distances. 

 
Figure 36.3 Top panel: Inter-marker distances (e.g., D0403=Distance from marker #04 to #03) with scaled left 
ventricular pressure (LVP/3, for timing) for C2 COM06R01. Frame rate=60sec-1 Lower left panel: Marker 
locations, mm scales. Lower middle panel: One-beat example of the deviation (mm) from the systolic mean for 
each inter-marker distance (LVP/10 for timing). Lower right panel: Color-code for inter-marker distances. 
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Figure 36.4 Top panel: Inter-marker distances (e.g., D0403=Distance from marker #04 to #03) with scaled left 
ventricular pressure (LVP/3, for timing) for C3 COM02R02. Frame rate=60sec-1 Lower left panel: Marker 
locations, mm scales. Lower middle panel: One-beat example of the deviation (mm) from the systolic mean for 
each inter-marker distance (LVP/10 for timing). Lower right panel: Color-code for inter-marker distances. 

 

 
Figure 36.5 Top panel: Inter-marker distances (e.g., D0403=Distance from marker #04 to #03) with scaled left 
ventricular pressure (LVP/3, for timing) for C4 COM01R04. Frame rate=60sec-1 Lower left panel: Marker 
locations, mm scales. Lower middle panel: One-beat example of the deviation (mm) from the systolic mean for 
each inter-marker distance (LVP/10 for timing). Lower right panel: Color-code for inter-marker distances. 
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Figure 36.6 Top panel: Inter-marker distances (e.g., D0403=Distance from marker #04 to #03) with scaled left 
ventricular pressure (LVP/3, for timing) for C5 COM03R04. Frame rate=60sec-1 Lower left panel: Marker 
locations, mm scales. Lower middle panel: One-beat example of the deviation (mm) from the systolic mean for 
each inter-marker distance (LVP/10 for timing). Lower right panel: Color-code for inter-marker distances. 

 

 
Figure 36.7 Top panel: Inter-marker distances (e.g., D0403=Distance from marker #04 to #03) with scaled left 
ventricular pressure (LVP/3, for timing) for C6 COM04R01. Frame rate=60sec-1 Lower left panel: Marker 
locations, mm scales. Lower middle panel: One-beat example of the deviation (mm) from the systolic mean for 
each inter-marker distance (LVP/10 for timing). Lower right panel: Color-code for inter-marker distances. 
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Figure 36.8 Heart C1. Upper left panel: View from LA to LV of cubic splines through annular markers (#15-22, 
outer black perimeter), posterior P1 edge (#2,3,5), P2 edge (#5,6,8,9,11), P3 edge (#11,12,14), and anterior 
leaflet edge (#2,1,4,7,10,13,14) superimposed for all LVP times identified by red symbols in the lower left panel. 
Right panel: 3D view of curves in upper left panel. See text. 

 

 
Figure 36.9 Heart C2. Upper left panel: View from LA to LV of cubic splines through annular markers (#15-22, 
outer black perimeter), posterior P1 edge (#2,3,5), P2 edge (#5,6,8,9,11), P3 edge (#11,12,14), and anterior 
leaflet edge (#2,1,4,7,10,13,14) superimposed for all LVP times identified by red symbols in the lower left panel. 
Right panel: 3D view of curves in upper left panel. See text. 
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Figure 36.10 Heart C3. Upper left panel: View from LA to LV of cubic splines through annular markers (#15-22, 
outer black perimeter), posterior P1 edge (#2,3,5), P2 edge (#5,6,8,9,11), P3 edge (#11,12,14), and anterior 
leaflet edge (#2,1,4,7,10,13,14) superimposed for all LVP times identified by red symbols in the lower left panel. 
Right panel: 3D view of curves in upper left panel. See text. 

 

 
Figure 36.11 Heart C4. Upper left panel: View from LA to LV of cubic splines through annular markers (#15-22, 
outer black perimeter), posterior P1 edge (#2,3,5), P2 edge (#5,6,8,9,11), P3 edge (#11,12,14), and anterior 
leaflet edge (#2,1,4,7,10,13,14) superimposed for all LVP times identified by red symbols in the lower left panel. 
Right panel: 3D view of curves in upper left panel. See text. 
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Figure 36.12 Heart C5. Upper left panel: View from LA to LV of cubic splines through annular markers (#15-22, 
outer black perimeter), posterior P1 edge (#2,3,5), P2 edge (#5,6,8,9,11), P3 edge (#11,12,14), and anterior 
leaflet edge (#2,1,4,7,10,13,14) superimposed for all LVP times identified by red symbols in the lower left panel. 
Right panel: 3D view of curves in upper left panel. See text. 

 
Figure 36.13 Heart C6. Upper left panel: View from LA to LV of cubic splines through annular markers (#15-22, 
outer black perimeter), posterior P1 edge (#2,3,5), P2 edge (#5,6,8,9,11), P3 edge (#11,12,14), and anterior 
leaflet edge (#2,1,4,7,10,13,14) superimposed for all LVP times identified by red symbols in the lower left panel. 
Right panel: 3D view of curves in upper left panel. See text. 
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