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Human voice production involves many coupled physical phenomena in acoustics, aerodynamics and 
soft tissue biomechanics. In particular, human vocal folds possess outstanding abilities to endure large, 
reversible deformations and to vibrate up to more than thousand cycles per second, allowing them to 
generate an outstanding range of sounds. However, compared to the acquired knowledge on the aero-
acoustic characterization of human voice so far, the biomechanical properties of the vocal-fold tissue 
are very challenging to investigate experimentally, and still poorly understood. Today, the link between 
the histo-mechanical specificities of the vocal folds and their unique vibratory performances remains an 
open question. This should be addressed to keep improving clinical plans for voice restoration, and take 
the next step towards the development of new biomimetic oscillators. 
 
Therefore, in this talk, focus will be given to experimental and modeling multiscale approaches arising 
as a turning point in voice biomechanics since 2010. First, recent experimental advances gained on the 
characterization of the vocal folds’ structural and mechanical properties will presented.  In particular, the 
investigation of the main sublayers’ 3D fibrous networks at the scale of their muscular, collagen and 
elastin microfiber bundles will be detailed. Then, multiscale mechanical models proposed to predict the 
strain-induced microstructure evolutions of these tissues during physiological loadings will be exposed, 
opening insights to better understand the role of the fibrous networks in vocal-fold vibratory properties. 
Finally, ongoing developments towards the design of new biomimetic fibrous polymeric materials will be 
tackled. 
 
 
 

Figure 1: Recent advances in vocal-fold microstructural characterisation by 3SR/GIPSA-lab/LADAF 
(ESRF, MD-957): (left) X-ray tomographic image of a larynx vertical 2D slice; (middle) zoom on the 
left vocal-fold mesostructure; (right) 2D slices and 3D reconstructed view of the vocal fold’s 
muscular, collagen and elastic fibrous network. (Bailly et al., Sc. Reports, 2018) 

 
 


