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Introduction- Seismocardiography (SCG) is the measurement of the chest surface accelerations that are 

primarily produced by a combination of mechanical activities of the heart, such as valve closures and 

openings, blood momentum changes and myocardial movements [1-3]. The complex nature of these 

processes has made it challenging to relate the morphology of the SCG signal to its genesis. Certain studies 

have used medical imaging to identify several feature points of the SCG signal by correlating their 

occurrence time with the corresponding cardiac events seen in imaging [4, 5]. However, these findings 

remain inconclusive [6]. The localized movements (i.e. valve openings and closures, ventricular 

contractions, blood flow accelerations etc.) may superimpose causing complex movements where original 

movements may amplify or nullify as they reach the chest surface and affect SCG morphology.  Hence, 

SCG signal can also be described as the propagated vibrations generated by individual sources (i.e., valve 

closures and openings, blood flow accelerations). These vibrations displace their more immediate 

boundaries (e.g., pericardium, Aorta wall) and surrounding tissues (e.g. lung tissue, ribs, chest wall muscle 

and skin) before they are detected at the chest surface. Hence, modeling the propagation of overall cardiac 

wall motion to the chest surface may help enhance our understanding of SCG genesis.  

Methods -A simplified 2D computational model was used to simulate the propagation of cardiac wall 

motion to the chest surface. Initially, the 2D computational model was selected to avoid the significantly 

higher computational complexity of 3D models. The current approach can, however, be extended to future 

3D models. This computational model was implemented in ANSYS (ANSYS Inc, Canonsburg, PA) 

transient structural analysis module, which uses finite element method (FEM). FEM discretizes the 

structural domain into small (finite) elements, which are assembled to implement the required boundary 

conditions and interfaces between the model components. The displacements and forces acting on each 

element are described by the equation of motion. The equations from all the elements are combined to form 

a system of equations, which is then solved to find the displacement of all elements in the domain. This 

analysis provides useful information about propagation of heart movements to the chest surface, which in 

turn, will increase our understanding of the genesis of SCG signals. The computational geometry and 

boundary conditions were extracted from a cardiac cine-MRI imaging sequence available in DICOM 

format. As shown in Fig. 1, the proposed simplified geometry included the lung and the surrounding tissue 

regions. Linear elastic material properties were assumed, and the transient displacement boundary 

conditions were defined on the boundaries shown in Fig. 1 (b). These boundary movements were extracted 

from MRI images by tracking the movement using Kanade-Lucas-Tomashi (KLT) tracker [7] implemented 

in MATLAB. KLT tracker captures the movement of the boundaries by analyzing and optimizing the 

similarity between the image intensities frame by frame. 

Results- The Left ventricle (LV) volume was calculated from the blood pool area in the LV using the 

grayscale intensity of the MRI image (Fig.1 (c)). The LV waveform is shown in Fig 2(b) for one cardiac 

cycle.  Cardiac features (Aortic Opening (AO), Aortic Closure (AC) and Mitral Closure (MC) were 

estimated from the LV waveform and are shown in Fig 2(b). The simulated acceleration signal reaching the 

chest surface is also shown in Fig 2. (b).  This signal had features (i.e. , AO, AC and MC) comparable to 

those observed in SCG waveforms described in previous studies[4, 5]. In addition, the timing of LV volume 

change in relation to the SCG signal (Fig. 2 (b)) was also consistent with the literature [6].  These results 

suggest that an FEM model may be useful in simulating the propagation of cardiac mechanical movement 

reaching the chest surface.  



Future work- Future work involves further validating the method by comparing the measured SCG and 

simulated SCG waveform of the same subject. Due to the pilot nature of the study, linear material properties 

were assumed. Future work will include more realistic material properties (for Lung, chest wall, etc.), 

incorporating the rib cage into the model. Furthermore, the method can be extended to 3D with the use of 

4D MRI imaging, which allows capturing 3-dimensional heart and boundary movements.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: (a) MRI image of the 2-chamber view of the heart with surrounding lung and tissue regions (b) Computational mesh with 

boundary conditions. (Points specified in yellow color had larger movements relative to the points specified in orange color since 

they capture the movements due to the blood pumping of left ventricle and aortic blood flow accelerations. Although the points 

specified in orange color had smaller movements, they were tracked to provide more realistic boundary conditions to the 

computational model. The boundary on the chest tissue surface allowed to move freely) (c) Blood pool area in the left ventricle. 
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Figure 2: (a) The FEM model domain along with the location and direction of the SCG measurement (b) Simulated SCG morphology 

with the approximated LV volume variation. Here, SCG heartbeat is plotted in R-R ECG peaks interval. Features corresponding to 

aortic opening (AO), aortic closure (AC) and mitral opening (MO) were identified in the simulated SCG waveforms with their LV. 

volume variation.  
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