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Phylo- and ontogenetically, the role of the mouth and


pharynx in feeding precedes its use in complex vocalisation


and speech (Hiiemae and Crompton, 1985; Hiiemae, 2000).


In addition, feeding is a more essential activity than speech.


It is reasonable, therefore, to postulate that in speech the


oropharyngeal complex functions within physiological constraints


dictated by the demands of feeding (Lieberman et al.,


2001). 


MacNeilage (1998) has developed this concept into


a theory. He posits that the fundamental difference between


human speech and vocalisation in non-human vertebrates is


a cycle of mandibular movement based on the ‘–’


movement of the jaws in perinatal behaviours such as suckling


and babbling. MacNeilage equates a single open–


cycle of ‘ behaviour’ with a ‘’ corresponding


to a syllable, the opening and closing movements within


that frame subserving the production of vowels and consonants,


respectively. These phases of jaw movement are


described as ‘’ While not impossible, it is unlikely


that a tongue musculature developed for, first, suckling and


then the consumption of semisolid followed (temporally)


by solid foods supports a range of surface profile changes


unique to speech, with or without jaw movements. 


What makes MacNeilage’ theory attractive is that it links known


infantile behaviours, and behaviours found in extant adult


higher primates, with an hypothesis for the origin of speech.


In particular, he argues that ingestion-related cyclicities of


mandibular ‘’ (MacNeilage’ phrase), such as lip


smacks, tongue smacks and tooth chattering, became the


earliest ‘’ signals, leading to the ultimate volution of modern 


human speech.





Unfortunately, there has been little integration of studies


of the physiological mechanisms involved in both behaviours.


Patterns of mandibular movement have been the


traditional focus for studies of feeding. With the exception


of the study by Palmer et al. (1992) of mastication and


swallowing, electromyographic studies have focused on jaw


movements, examining activity in the adductors, anterior digastric,


geniohyoid and mylohyoid (see Miller, 1991).


In contrast, MacNeilage (1998) argues strongly


that if, as he proposes, the movement patterns of speech


evolved from, or are based on, the cyclical movements of


mastication, then there must be at least some commonality


between the central pattern generator for feeding and the


regulation of movements in speech.
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(II) The Hyolingual Complex


The tongues of mammals share certain important characteristics, but there are also important differences. The mammalian tongue cannot be viewed as a ‘freestanding’ organ. Rather, for almost all its functions, it depends on its linkages with the hyoid apparatus and lower jaw (Fig. 1Go). This is the hyolingual complex.





The non-human larynx is linked to the hyoid bone but positioned behind rather than under it. Human neonates have a comparable relationship among tongue, hyoid, larynx, epiglottis, and soft palate (Negus, 1949). 


 





MacNeilage (1998) hypothesizes that the movements of the tongue and jaw in speech (which he terms ‘cyclicities’) evolved from their movements in infantile babbling. This idea has its supporters and detractors but is superficially very appealing. No one has yet attempted, as far as we know, to test it experimentally. This idea is particularly relevant if one is interested in the evolution of speech, since, as should become clear within the body of this review, human tongue behavior in feeding builds on the patterns of movement in the hyolingual complex observed in other mammals. It is, therefore, reasonable to hypothesize that the matrix of tongue movements during human speech was derived from the wide variety of tongue movements found in suckling and feeding, although this view is controversial.
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Recent anatomical research in non-human mammals has shown that the intrinsic muscles can best be regarded as a ‘laminated segmental system’ with tightly packed layers of the ‘transverse’, ‘longitudinal’, and ‘vertical’ muscle fibers. Each segment receives separate innervation from branches of the hypoglosssal nerve. These new anatomical findings are contributing to the development of functional models of the tongue, many based on increasingly refined finite element modeling techniques. They also begin to explain the observed behavior of the jaw-hyoid-tongue complex, or the hyomandibular ‘kinetic chain’, in feeding and consecutive speech. Similarly








Although there is a fundamental dichotomy between the referential framework and the methodological approach to studies of the orofacial complex in feeding and speech, it is clear that many of the shapes adopted by the tongue in speaking are seen in feeding. It is suggested that the range of shapes used in feeding is the matrix for both behaviors.








The tongue is a very difficult organ to examine





Even when it acts as a hydrostat, the movements and shape changes of the human tongue occur in a space whose dimensions are dictated by movements of the jaw and hyoid.





also see Folkins and Kuehn, 1982). Folkins and Kuehn advance the concept of ‘bidirectionality’, in which they recognize that movement in one part of the system affects all the others. 








The literature on the anatomy of the tongue (e.g. Lowe, 1981) dismisses the hyoid muscles as ‘belonging to the floor of the mouth’. 





It is essential to emphasize that global tongue position and so its movements in feeding and speech are directly correlated with the length and orientation (position) of the floor of the mouth (the base of the tongue body), i.e., hyoid position.
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The feeding literature shows localized tongue-surface change as the process progresses. The speech literature shows extensive change in tongue shape between classes of vowels and consonants. 








Although there is a fundamental dichotomy between the referential framework and the methodological approach to studies of the orofacial complex in feeding and speech, it is clear that many of the shapes adopted by the tongue in speaking are seen in feeding. It is suggested that the range of shapes used in feeding is the matrix for both behaviors.
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to Tongue shaping


Additionally, movements of the mammal tongue are not restricted to the protrusion-retrusion axis but involve complex changes of tongue shape in three dimensions. These changes include the simultaneous lengthening and shortening of different tongue regions (6), a behavior clearly incompatible with a simple protrusion-retrusion model of tongue function.














to Monadism





The activation of any motor unit with tongue body presence can influence  tongue shape and hence tongue movement. Because muscle fiber orientations vary with tongue shape, the mechanical effect of a motor unit (or entire muscle) is dependent on the integrated activity of all other tongue motor units. Multiple muscles work in concert to provide both the structural support and the active force for tongue movement.








to  RSP anchors


Heterogeneous behavior is expressed by tongue motor units. In the human genioglossus muscle, for example, at least two populations of motor units are present, one population selected into activity during inspiration and expiration and another population selected into activity only during inspiration (10). The neural basis for the selective activation of tongue motor units is not known.
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