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SUMMARY 

The tongue is a dextrous organ that plays a very important role 

during mastication and speech production. Due to its complex 

mechanical structure, experiments determining the mechanical 

behaviour of the tongue, in particular the mechanical 

behaviour due to the activation of different muscle fibre 

groups, are challenging and often disputed. To provide 

additional insights to experimental studies, we propose a 

computational model of the tongue capable of investigating 

principles of muscle group co-activation. Within the proposed 

model, the mechanical behaviour of the tongue’s tissue is 

described by a multi-fibre reinforced constitutive relation. 

Within a continuum mechanical framework, the tongue’s 

geometry and the governing equations of finite deformation 

elasticity are discretised using tri-cubic Hermite hexahedral 

finite elements (FE). The movement (deformation) of the 

tongue is calculated based on prescribed levels of activation 

for the transverse and vertical muscle fibre groups. The 

presented results of co-activating the two muscle groups 

compared well with previously published experimental data 

[1] and, hence, manifest the hypothesis that the co-activation 

of the transverse and vertical muscle fibres groups lead to an 

elongation of tongue.  

 

INTRODUCTION 

From an anatomical perspective, the tongue is a collection of 

12 different skeletal muscle fibre groups, which are typically 

categorised into intrinsic and extrinsic muscles. The tongue is 

a unique organ in the sense that the fibres of different muscle 

fibre groups are interlaced with each other. The anatomical 

arrangement of the muscle fibres and the ability of 

simultaneously co-activating different muscles groups allow 

the tongue to perform large movements and complex shape 

deformations [1]. However, there exists little knowledge about 

the functional contributions of each muscle fibre group due to 

the tongue’s limited visibility, a lack of proper motion 

tracking techniques and imaging modalities to trace its 

structural components, and the ability to record the activation 

of individual muscle fibre groups,. Although it has be 

postulated that the elongation of the tongue is due to the co-

activation of the transverse and vertical muscle fibre groups 

and volume preserving constraints, there exists no quantitative 

scientific verification [1, 2]. 

 

METHODS 
Constitutive Modelling: Within this work, we model the 

tongue as a multi-constituent, multi-fibre-reinforced 

composite with incompressible and hyperelastic material 

properties. The constitutive behaviour is prescribed by 

additively superimposing the mechanical behaviour of the 

ground matrix (fat, connective tissues, etc.) and its active 

components, i.e. the contractile properties of the muscle fibre 

groups. Here, the constitutive relation of the tongue tissue is 

described by the 2
nd

 Piola Kirchhoff stress tensor: 
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where matrixS denotes the 2
nd

 Piola Kirchhoff stress tensor for 

the ground matrix (here modelled as an isotropic Mooney-

Rivlin material with 075.0,075.0 21  cc  as material 

parameters); 
ifibre,  and 

ifibre,  denote the along-fibre stretch 

ratio and stress, respectively, of muscle fibre group i; 
matrixd  

and 
id  represent the volume fractions of the i-th muscle fibre 

group and the ground matrix, respectively ( 1
1

 

N

i imatrix dd ); 

and 
ia  denotes the direction of the i-th muscle fibre group 

with respect to the reference co-ordinates. The additional 

along-fibre stress contribution, which is induced through 

activating muscle fibre group i, is modelled by additively 

splitting the total along-fibre stress into passive and active 

stress components:  
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where 
i  denotes the activation level of the i-th muscle fibre 

group. (See [4] for a detailed definition of 
ifibre, .) The 

incompressibility constraint is modelled element-wise using:  
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where p is the FE basis function interpolating the hydrostatic 

pressure field and J  is the determinant of deformation 

gradient tensor (see [3] for more details). 

 

Geometrical Modelling: A geometrical model of the tongue 

was built based on the Visible Human Data set. The 

geometrical shape of the tongue has been discretised using 64 

hexahedral (8-node) tri-cubic Hermite FE and 125 FE nodes. 

Parameters describing the fibre directions, volume fractions 

and fibre activation levels of the different muscle fibre groups 



were also interpolated using tri-cubic Hermite FE basis 

functions. 

 

RESULTS AND DISCUSSION 

A series of numerical experiments was performed to 

investigate the co-activation of the transverse and vertical 

muscle fibre groups. The muscle fibres of these two groups are 

mainly distributed throughout the upper part of the tongue and 

interlace each other at approximately 90
o
 (see Fig. 1). 

 
Figure 1: Distributions of the A. vertical (blue), and B. 

transverse (red) muscle fibre group. The fibre vectors are 

scaled by their respective volume fractions. 

 

The muscle fibre groups were co-activated and the resulting 

deformations and maximum principal strains are illustrated in 

Fig 2. In these simulations, both muscle fibre groups were 

activated simultaneously using equal levels, i.e.

)1.0,1.0(),( 21  α for Fig 2A; )5.0,5.0(α  for Fig 2B; 

and )9.0,9.0(α for Fig 2C. At the smallest activation level 

(Fig 2A), the upper portion of tongue elongated in the 

anterior-posterior direction with maximum principal strains 

ranging from 0.05 to 0.2, whilst this region shortened along 

both the superior-inferior and medial-lateral directions with 

strains ranging from -0.15 to -0.05.  Further increases in 

activation (Fig 2B) caused the tongue to elongate further with 

maximum principal strains of 0.2 to 0.3 in the anterior-

posterior direction. At maximal activation (Fig 2C), the upper-

anterior region of the tongue extended further, with maximum 

strains of 0.3 to 0.4 in the anterior-posterior direction. 

Consequently, the shortening along the superior-inferior and 

medial-lateral directions increased with strains from -0.2 to     

-0.25. In summary, simultaneous contractions of the transverse 

and vertical muscle fibre groups resulted in elongation of the 

upper region of the tongue in the anterior-posterior direction, 

whilst shortening was observed in the orthogonal directions. 

This coincides with previous MRI studies, such as [1] in 

which image-based, mid-sagittal strain maps show elongation 

in the anterior-posterior direction, while shortening strains 

were reported in the orthogonal directions.  

 

CONCLUSIONS 

We have reproduced elongation mechanics of the tongue using 

an anatomically-based, three-dimensional FE model. By co-

activating the transverse and vertical muscle fibre groups and 

enforcing the incompressibility constraint, we have been able 

to elongate the tongue and to generate deformation patterns 

that are comparable with previously published experimental 

data. 

 

The above model is not limited to simultaneous co-activation 

of just two muscle fibre groups as presented here. If known, 

different activation levels for each of the 12 main muscle fibre 

groups of the tongue could be prescribed. Thus, this modelling 

framework provides a powerful tool to investigate physio- or 

pathophysiological conditions during speech production or 

swallowing. Moreover, such a computational approach has 

high potential impact in many fields ranging from basic 

nutritional or oral sciences, to dental and clinical applications. 

 

 
Figure 2: Deformations of the tongue model as a result of 

choosing A. 1.0i , B. 5.0i  
and C. 9.0i  as the 

levels of activation for the transverse and vertical muscle fibre 

groups. 
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