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Introduction. Biomechanical models of the human tongue integrated in the vocal tract have been developed by many 

research groups (Stavness et al., 2011; Fang et al., 2009) to study speech production and speech motor control, with the 

simulation of the spatio-temporal tongue movements through muscle activations (REFs). 

 

The objective of this paper is to address the question of model validation, with the issue of speaker-specific modeling 

accuracy. By improving our reference tongue finite element model (Hermant et al., 2017), in terms of morphology, finite 

element representations and anatomical muscle implementation, we propose to compare the simulations of speech 

articulations provided by this model with the actual articulations of the reference human subject used to build the model. 

These articulations were measured through magnetic resonance (MR) 3D images of vowels /i/, /u/ and consonant /t/. 

 

Methods. The former versions of our tongue model, initially developed by Buchaillard et al. (2009) and Hermant et al. 

(2017), have been improved with the refinement of the sub-apical region, the repositioning of the external branches of 

the styloglossus muscle and the enlargement of the posterior triangular branches of the hyoglossus (ceratoglossus) muscle, 

to insert them on the greater horns of the hyoid bone. A mesh convergence study has also been conducted, thus providing 

a mesh made of 41600 tetrahedral elements with 61117 nodes. 

 

The Yeoh constitutive law experimentally determined by Gerard et al. (2005) has been used to model passive tissues. 

Muscle contractions have been modeled with an active transverse isotropic law based on the work of Nazari et al. (2011, 

2022a) allowing active stress within an element along two different directions simultaneously.  

 

Results. Figure 1 superimposes the contours of the tongue and oral cavities simulated with our model with the 

corresponding MR mid-sagittal, coronal and axial views.  

 

The styloglossus, the superior longitudinalis and the posterior genioglossus muscles were recruited to produce the vowel 

/u/, while the posterior and anterior parts of the genioglossus and the transversalis muscle were activated to produce vowel 

/i/. As concerns consonant /t/, the three parts of the genioglossus muscle (anterior, medium and posterior) are activated in 

conjunction with the superior longitudinalis so that contacts in the alveolar region can be obtained.   

 

 

Discussion. As can be seen on the figure, our model is capable of generating complex shapes of the tongue in 3D space, 

with discrepancies to the MRI data that remain small. This is, to the best of our knowledge, the first time that tongue 

shapes generated with a finite element model are quantitatively compared with 3D MR data. 

 

Some improvements will however have to be provided in the posterior part of the tongue, where the posterior genioglossus 

muscle is sometime not able to sufficiently compress the tongue (see Figure 1 for vowels /u/ and /i/). Dividing this muscle 

in two other parts might be a solution to this limitation. The constitutive law chosen for passive tissue will also have to 

be discussed, in particular with regard to the recent experimental uni-axial tensile tests provided by Nazari and colleagues 

(2022b) on human tongue tissues. 

 

Finally, this new version of our model needs to be evaluated on other French phonemes for which MR images have been 

collected. The model will also be used to simulate tongue movements that will be compared to mid-sagittal trajectories 

already collected with electromagnetic articulography (EMA) on our reference subject.  
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Figure 1: Phonemes /u/, /i/ and /t/ (in context /t-a/). Contours of the tongue model (in red) in its final position superimposed 

with mid-sagittal, coronal and axial MR slices. 3D views of the tongue are added in sub-panels. 


