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Figure 19.1 Marker site schematic. See definitions in accompanying text.  

CHAPTER 19 HINGE CHORDAE 
 
Each posterior leaflet annular radiopaque marker was surgically placed under direct observation at the 
posterior leaflet hinge points, where tissues associated with the left atrium and left ventricle meet the 
base of the leaflets. In this book, we define the mitral annulus as the locus of these hinge points, as did 
Angelini, et al.1 
 
In Chapter 16 we introduced the concept of a time-varying force balance between atrial contractile and 
fibrous tissue pulling these posterior leaflet hinges inward towards the valve center and elastic elements 
from both the LV basal myocardium (S1, Figure 19.1) and junctional ring (S2, Figure 19.1) pulling them 
outward,  away from the valve center. 
 
If these were the only forces acting on the hinges, however, this would not substantially limit their 
displacements in the LV long axis direction (i.e., parallel to the line between Markers #22 and #1) 
particularly when left ventricular 
systolic pressure acted on the closed 
valve. As shown in Figure 17.3, 
however, the angle Φ2218 of annular 
Marker #18 with respect to this LV 
long axis is insensitive to changes in 
LVP during IVC. Thus, hinge 
displacements in the LV long axis 
direction seem indeed limited, even 
with large increases in LVP. 
 
Limiting such hinge displacement is 
likely to be one important function of 
chordae from each papillary muscle 
tip to its adjacent half of the mitral 
annulus. 
 
Figure 19.1 schematically illustrates 
the relationship between markers in 
the LV basal subepicardium (#13), 
junctional ring (13*), anterior and 
posterior papillary muscle tips (#31, 
#33) and bases (#32, #34). The 
papillary muscle tips are connected by 
chordae (red) to a posterior leaflet 
hinge (#18 or #26) as well as chordae 
(blue) to a posterior leaflet edge (#37). 
Chordae have many names in the 
literature, but henceforth in this book 
(for clarity) we will refer only to “strut 
chordae” (already defined), “hinge 
chordae”, and “edge chordae”. Hinge chordae attach to the hinge or to the belly of the posterior leaflet 
sufficiently near the hinge to have a major effect on the displacement of the annulus.  There are actually 
two types of hinge chordae; both illustrated in Figure 19.1.  The one shown in red connects the hinges to 
                                                            
1  Angelini A, Ho SY, Anderson RH, Davies MJ, Becker AE. A histological study of the atrioventricular junction in 
hearts with normal and prolapsed leaflets of the mitral valve. Br Heart J. 1988;59(6):712-716. 

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


CHAPTER 19 HINGE CHORDAE  19-2 

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

 
Figure 19.2 Distances analyzed for hearts H1-H6 and F1-F9.  From anterior 
LV subepicardial equator (#3, blue) and anterior papillary tip (#31, red) to 
anterior mitral annular markers (#29, 16, 28, 17, 27, 18) and from posterior 
LV subepicardial equator (#9, green) and posterior papillary tip (#33, 
magenta) to posterior mitral annular markers (#24, 20, 25, 19, 26, 18). 

the papillary muscle tips and thus is capable of conveying papillary muscle forces to the hinge regions. 
The one shown in blue (dashed, the “tertiary chordae” described by Lam, Ranganathan, et al.2) connects 
the hinges to LV endocardial trabeculations. These chordae may serve to prevent the hinge regions from 
excessive displacements toward the left atrium. 
 
Figure 19.2 shows the relevant hinge 
chordae markers for hearts H1-H6 
and F1-F9 and illustrates (with blue, 
red, magenta, and green lines) the 
inter-marker distances computed 
(dxxyy, where xx is one marker and 
yy is another, e.g. d3118 is the 
distance between Markers #31 and 
#18). 
 
Figures 19.3 A, B, and C illustrate the 
key finding in this chapter that the 
distances from each papillary tip to 
sites on the associated half of the 
mitral annulus are roughly constant 
throughout the cardiac cycle. This 
chordal behavior, consistent with 
that reported by Dagum et al.3, and 
others, requires papillary muscle 
shortening during systole and 
lengthening during diastole, as 
reported by Rayhill et al.4 and 
estimated by the lower curves in 
each graph, required to compensate for the parallel LV long-axis dimensional changes exhibited by the 
upper curves in each graph. The papillary muscle length changes displayed in Figures 19.3A, B, and C are 
only rough estimates, however, because the myocardial and annular marker pairs (e.g. #3 and #29, #9 
and #24) are only roughly in line with the papillary muscle long axis. Papillary muscle length changes will 
be dealt with more accurately in Chapter 21 using data from the F-series of hearts where the papillary 
tip and base were specifically delineated with markers, allowing papillary muscle lengths to be 
determined more precisely. 
 
In Figures 3.5 A and B, we showed that the papillary tips rotate about their respective trigone axes 
throughout the cardiac cycle, and in Chapter 17 that the mitral annulus also rotates about a similar 
trigone axis. The data in Figures 19.3 A, B, and C show that these rotations are tightly coupled by rather 
stiff chordal connections. Indeed, Tables 19.1 A and B show, using  very conservative criteria and data 
from both the H1-H6 and F1-F9 series, that the chordal networks between the papillary tips and their 
respective annular connections change length no more than 15% throughout the cardiac cycle; 

                                                            
2  Lam JH, Ranganathan N, Wigle ED, Silver MD. Morphology of the human mitral valve. I. Chordae tendineae: a 
new classification. Circulation. 1970;41(3):449-458; Ranganathan N, Lam JH, Wigle ED, Silver MD. Morphology of 
the human mitral valve. II. The value leaflets. Circulation. 1970;41(3):459-467. 
3  Dagum P, Timek TA, Green GR, Lai D, Daughters GT, Liang DH, Hayase M, Ingels NB, Jr., Miller DC. Coordinate-
free analysis of mitral valve dynamics in normal and ischemic hearts. Circulation. 2000;102(19 Suppl 3):III62-69. 
4  Rayhill SC, Daughters GT, Castro LJ, Niczyporuk MA, Moon MR, Ingels NB, Jr., Stadius ML, Derby GC, Bolger AF, 
Miller DC. Dynamics of normal and ischemic canine papillary muscles. Circ Res. 1994;74(6):1179-1187. 
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generally, much less than this, in the 4-8% range. The multiple chords from each papillary tip help 
stabilize the position of the tip with respect to the saddlehorn-lateral annulus axis. 
 
Tables 19.1 A and B also show that the distance from each papillary tip to the anterior leaflet edge on 
the associated side can change length by  up to 36%, typically 7-21%, depending on location. This is 
consistent with the findings in Chapter 07, where evidence was provided that edge chords buckle during 
diastole, unlike strut chords and (now) hinge chords that remain relatively taut. 
 
So what do these hinge chords do? 

• Hinge chord coupling maintains constant 3-D mitral valve geometry as LV dimensions change 
throughout the cardiac cycle and in response to varying hemodynamic demands. This is 
somewhat like a parachutist swinging in all directions during a descent, yet maintaining a 
constant relationship to the overhead canopy. 

• The constant 3-D mitral valve geometry provides for precise leaflet edge positioning at the 
moment of valve closure for sub-mm reproducible valve sealing with minimal closing 
regurgitation. 

• The constant positioning of the papillary tips allows the strut chordae to help set the precise 
anterior leaflet complex geometry at the moment of closure required for the leaflet to respond 
to left ventricular systolic pressure with limited stress, strain, and shape change, as discussed in 
Chapter 06. 

• The constant papillary tip positions relative to the annulus help provide limits on the anterior 
leaflet safety net (as discussed in Chapter 07) to prevent an abnormally large swing of the 
anterior leaflet into the outflow tract during diastole. 

• That the papillary tips are maintained at their systolic positions with respect to the annulus 
throughout the cardiac cycle provides for minimal closing shock on edge chords at the moment 
of closure when LVP first hits the valve. Edge chords do not have to stretch much when LVP hits 
the valve because they are already virtually at their systolic length when they just become taut 
at the moment of closure. This helps prevent the leaflet edges from slamming together with 
every valve closure and provides consistent and precise coaptation geometry. 

• Chordae from each papillary tip radiate to both the anterior and posterior leaflet edges. Holding 
the papillary tips to constant (and possibly optimal) positions may minimize force components 
during valve closure that would tend drive the leaflet edges past each other, beyond their 
closure positions.5  

• The constant annular-papillary tip geometric support provided by the hinge chordae allows the 
leaflet edge chords to buckle during diastole, as discussed in Chapter 07.  Such slack leaflet edge 
chords during diastole will reduce restrictions on the leaflet opening swing leading to large valve 
opening area to help maximize filling and filling rates. 

• Forces in the hinge chords appear to provide some left ventricular pumping assist, as reviewed 
by Askov, et al.5 

• The hinge chords share the total papillary muscle tension with the leaflet edge chords, thereby 
reducing the tension imposed during systole on the leaflet edge chords. This has been studied 
by Askov, et al.6 and will be explored in Chapter 21. 

  

                                                            
5 But the presence of multiple papillary heads will require further study of this possibility. 
6  Askov JB, Honge JL, Jensen MO, Nygaard H, Hasenkam JM, Nielsen SL. Significance of force transfer in mitral 
valve-left ventricular interaction: in vivo assessment. J Thorac Cardiovasc Surg. 2013;145(6):1635-1641, 1641 
e1631. 
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Figure 19.3A  LVP and anterior (left column) and posterior (right column) distances for hearts H1 and H2. Top curves, LV to mitral 
annular markers (e.g. d0329); middle curves, papillary tip to mitral annular markers (e.g. d3129), bottom curves, rough estimate 
of papillary muscle length changes during the cardiac cycle (e.g. d0329-d3129, d0924-d3324). 
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Figure 19.3B  LVP and anterior (left column) and posterior (right column) distances for hearts H3and H4. Top curves, LV to mitral 
annular markers (e.g. d0329); middle curves, papillary tip to mitral annular markers (e.g. d3129), bottom curves, rough estimate 
of papillary muscle length changes during the cardiac cycle (e.g. d0329-d3129, d0924-d3324). 
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Figure 19.3C  LVP and anterior (left column) and posterior (right column) distances for hearts H5and H6. Top curves, LV to mitral 
annular markers (e.g. d0329); middle curves, papillary tip to mitral annular markers (e.g. d3129), bottom curves, rough estimate 
of papillary muscle length changes during the cardiac cycle (e.g. d0329-d3129, d0924-d3324). 
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TABLE 19.1A  Percent change for hearts H1-H6 and F1-F9  from the largest (Dmax) to the smallest (Dmin) values measured from each anterior 
papillary muscle tip (#31)  throughout 3 complete cardiac cycles expressed as 100*(Dmax-Dmin)/Dmax) and rounded to the nearest percent.   
Distances D3129, d3116, d3128, d3117, d3127, and d3118 are from the anterior papillary tip to the anterior half of the mitral annulus. Distances 
D3142, D3143, and D3144 are from the anterior papillary tip to the anterior half of the anterior mitral leaflet.  
 
 

HEART D3324 D3320 D3325 D3319 D3326 D3318 
 

D3347 D3346 D3345 
H1 3 3 6 7 5 4 

 
9 20 18 

H2 3 4 12 14 14 15 
 

8 21 22 
H3 3 4 4 6 9 8 

 
10 22 20 

H4 4 3 6 8 11 10 
 

3 27 28 
H5 3 4 6 10 8 6 

 
11 16 17 

H6 2 3 6 10 8 7 
 

3 14 15 
F1 5 6 8 7 6 4 

 
10 20 11 

F2 3 5 8 7 9 9 
 

7 13 14 
F3 7 9 10 9 7 6 

 
10 26 36 

F4 2 3 4 4 6 5 
 

10 16 18 
F5 6 6 9 10 9 6 

 
15 20 20 

F6 4 5 6 7 7 6 
 

8 21 19 
F7 2 3 4 5 8 5 

 
14 24 16 

F8 3 4 6 8 10 10 
 

23 35 16 
F9 3 4 5 6 7 7 

 
14 14 16 

           MEAN 4 4 7 8 8 7 
 

10 21 19 
SD 1 2 2 2 2 3 

 
5 6 6 

MAX 7 9 12 14 14 15 
 

23 35 36 
MIN 2 3 4 4 5 4 

 
3 13 11 

 
TABLE 19.1B  Percent change for hearts H1-H6 and F1-F9  from the largest (Dmax) to the smallest (Dmin) values measured from each posterior 
papillary muscle tip (#33)  throughout 3 complete cardiac cycles expressed as 100*(Dmax-Dmin)/Dmax) and rounded to the nearest percent.   
Distances D3324, d3320, d3325, d3319, d3326, and d3318 are from the posterior papillary tip to the posterior half of the mitral annulus. 
Distances D3347, D3346, and D3345 are from the posterior papillary tip to the posterior half of the anterior mitral leaflet.  

HEART D3129 D3116 D3128 D3117 D3127 D3118 
 

D3142 D3143 D3144 
H1 3 3 7 8 10 9 

 
3 7 14 

H2 5 6 10 12 8 9 
 

7 18 21 
H3 6 6 7 9 8 6 

 
5 13 21 

H4 5 5 5 6 6 6 
 

5 11 14 
H5 3 4 6 6 6 7 

 
4 21 10 

H6 3 3 3 6 5 6 
 

2 11 12 
F1 5 7 5 4 5 6 

 
7 18 11 

F2 2 3 6 8 8 12 
 

11 10 18 
F3 4 4 6 6 5 7 

 
5 8 23 

F4 3 6 3 4 4 4 
 

4 7 14 
F5 5 6 6 6 6 8 

 
8 18 14 

F6 3 4 5 7 8 9 
 

7 19 12 
F7 5 6 5 5 7 8 

 
17 22 21 

F8 6 4 6 8 8 9 
 

13 26 26 
F9 4 4 4 6 6 5 

 
14 29 25 

           MEAN 4 5 6 7 7 7 
 

7 16 17 
SD 1 1 2 2 2 2 

 
4 7 5 

MAX 6 7 10 12 10 12 
 

17 29 26 
MIN 2 3 3 4 4 4 

 
2 7 10 
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