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Background: 

The force transfer from the papillary muscle tip through the chordae tendineae to the mitral valve is 

essential in maintaining proper valvular and left ventricular function. The force acting on the papillary 

muscle tip has been estimated in vitro; however, it has never been measured in vivo. Thus, the exact 

papillary muscle tip force which is a crucial element of valvular-ventricular interactions is still unknown. 

Hypothesis/Aims: 

The aim of this study was to design a force transducer capable of measuring the force transferred from the 

chordae tendineae to the papillary muscle tip with minimum interference with subvalvular geometries and 

papillary muscle contraction. 

Materials & Methods: 

Using computer aided design the device was configured to be implanted in between the fibrous part of the 

papillary muscle tip and the remaining papillary muscle. The device was laser cut from a thin sheet of metal 

into a profile of an “hourglass” and folded 180 degrees along the waist into two connected parallel plates. 

The distance between the parallel plates was kept at 2 mm in order to preserve the native distance from 

the papillary muscle tip to the annular plane after implantation and to ensure valvular competence. The 

geometry of the device was optimized using finite element modelling to increase the amount of strain at 

the strain gauge location. A strain gauge (EA-06-030TU-120, Vishay Measurements Group UK Ltd, United 

Kingdom) was chosen as the sensor element for the device and was mounted at the connection point of the 

two plates along with wires for excitation and signal. Finally, a hard protective coating (Raychem S1125) 

was applied for protection and the device was calibrated with respect to a force acting perpendicular on 

the plates. 

Results: 

A prototype of the transducer was implanted on the posterior papillary muscle tip in a pig heart while on 

extracorporeal circulation and cardiac arrest. After dissection of the papillary muscle tip the top and 

bottom plate of the transducer was attached by interrupted sutures to the papillary muscle tip and the 

remaining papillary muscle, respectively. The transducer was implanted without visible distortion of the 

mitral valve apparatus. 

After weaning from extracorporeal circulation force measurements were carried out at a peak left 

ventricular pressure of 90 mmHg and a heart rate of 120 min
-1

. Force tracing of the posterior papillary 

muscle yielded a peak systolic force of 6.2 N with an initial rapid upstroke followed by a plateau. 



Postoperative echocardiography confirmed normal leaflet coaptation without mitral regurgitation and 

showed no interference with the mitral valve function.   

Conclusions: 

Initial tests of this device proves that it is possible to measure the forces acting on the papillary muscle 

tip in vivo. The force measuring device can be implanted with minimal interference of subvalvular 

geometries and produces detailed tracings of the papillary muscle forces throughout the cardiac cycle. 

These measurements are the first to describe the forces acting through the papillary muscle in vivo and a 

full scale experimental study will be carried out in the near future.  


