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ABSTRACT 
This paper considers progress in the understanding of speech development and speech 
disorders, with a correlated discussion of substrate knowledge in evolutionary biology, genetics, 
and neurobiology. Studies in evolution point to a number of craniofacial adaptations that may 
have contributed to the emergence of efficient vocal communication in hominids. Research in 
genetics has shown that certain communication disorders have a genetic component and that at 
least seven chromosomes are implicated in speech and language functions. Investigations in 
neurobiology have established that the human craniofacial system is specialized in its muscle 
fibers and sensory receptors. The muscle fibers in particular are highly complex compared with 
the fibers in the limbs and trunk and are heterogeneous both across and within craniofacial 
muscles. With this background, speech development in children can be portrayed as a motor 
learning process that is continually amended and refined during the growth and development of 
a complex biological system in which production-perception linkages insure basic fidelity to 
communication requirements. The integrity and efficiency of this system can be compromised 
by a number of conditions, including neurologic disease or damage, congenital anomalies, 
acquired structural defects, and a range of developmental disabilities. Treatment of these 
disorders deploys a variety of methods that are increasingly based on knowledge of 
neuroscience, biomechanics, and behavior science. A unifying thread among these topics is the 
potential for a systems biology of speech that spells out a research agenda for speech 
development and disorders.     

SPEECH DEVELOPMENT IN CHILDREN 
To summarize five decades of discovery on the development and disorders of speech requires 
a rather harsh informational filter. There have been many striking advances in these areas but 
many important questions remain to be answered. Here, in broad relief, are some 
accomplishments and some areas of potential discovery. 

Speech development in children is a lengthy process, extending from the coos and babbles in 
the first year of life to an adult-like stability of motor performance reached at or following 
puberty. Table 1 gives an arbitrary and highly simplified stage description of some typical 
accomplishments in speech production. Each stage is associated with one or more primary 
questions that have motivated developmental theories and empirical research. To be sure, 
many questions could be added to the list, but these seem to have commanded the lion's share 
of published pages and earnest debate. Each question is also a marker of progress, insofar as 
the answers now at hand paint an increasingly clear picture of how speech develops in children.   

Because the ear is functional by the 5th gestational age, it is not surprising that neonates show a 
preference for both the mother’s voice and the maternal language (de Boysson-Bardies, 1999). 
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This early auditory imprinting may carry benefits for language development. However, it appears 
that infants’ auditory capabilities are accelerated compared to their articulatory capabilities. The 
latter may be delayed in part because of a significant anatomic remodeling that occurs largely 
within the first 2 years of life (Bosma, 1976, Kent & Vorperian, 1995; Lieberman et al., 2001) 
and the difficulty of controlling the complex musculature of speech. What is known about 
remodeling is mostly at the macroanatomic level, and very little is known about developmental 
changes at the molecular level, such as adaptations in the muscle-fiber composition of the 
craniofacial muscles (more on this later). 

 

Table 1. Developmental periods, associated vocal or speech patterns, and 
major research questions that have directed investigations and theory building. 

__________________________________________________________________ 

Developmental 
period 

Vocal/speech patterns Research questions 

Prenatal life Embryonic and fetal 
development of speech 
organs 

What prenatal factors shape the 
perceptual and productive precursors of 
speech? 

First year of life Coos, goos, babbles What does babbling contribute to speech 
development? 

Is babbling driven by motoric or linguistic 
factors, or both? 

Are the motor patterns for speech derived 
from motor patterns for chewing and 
swallowing?  

1 to 4 years Progressive mastery of 
speech sounds to 
include vowels, 
diphthongs, stops, 
nasals, but not fricatives 
and liquids 

What factors account for the fairly orderly 
sequence of speech sound acquisition? 

To what degree do the motor 
requirements for speech account for 
developmental progress in developmental 
language?  

5 to 8 years Final phase of speech 
sound mastery 

What accounts for a child's phonetic 
mastery of L1 sounds? 

8 years to 
adulthood 

Refinement of motor 
skill 

At what age do children have an adult-like 
speech motor capability? 

__________________________________________________________________ 
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The hoary question of the relevance of babbling to speech and language development is still not 
completely resolved, but the prevailing view seems to be that there is a phonetic continuity 
between babbling and early words (Oller, 2000). Although there is evidence that babbling is 
driven by linguistic factors (Petito at al., 2004), Engstrand et al. did not find strong evidence for 
an imprint of the ambient language on babbling. Biological factors exert a primary influence on 
phonetic patterns in the first year of life, and perhaps even into the second year, but subtle 
evidence of linguistic influence has been reported. The emergence of repetitive (canonical) 
syllable babbling is not only a striking developmental event to adult listeners but also an 
accomplishment associated with later speech development (de Boysson-Bardies, 1999; Oller, 
2000).  

The longstanding proposal that the motor patterns for speech are derived from those for 
chewing and swallowing is consistent with the frame-then-content theory (MacNeilage & Davis, 
2000, 2001), but is not supported by work showing task specificity in infants for movements in 
speech, chewing, and lip protrusion (Moore & Ruark, 1996; Ruark & Moore, 1997). A 
reasonably strong case can be made for an early distinction between speech-like movements 
and movements for nonspeech behaviors. The distinction carries high clinical relevance in view 
of the current controversy concerning the value of nonspeech movements in treating speech 
disorders (Forrest, 2002).  

The fairly systematic acquisition of speech sounds seems best explained by a combination of 
factors relating to perception, cognitive-linguistic processes, and motor skill. Phonemic mastery, 
judged by clinical perceptual criteria, is a gradual process that extends to early school age, but 
motor refinements for speech continue for much longer, until about 16 years of age in both boys 
and girls (Smith & Goffman, 2004). The authors explained this protracted process of speech 
motor acquisition as follows: “the late maturation of articulatory motor processes is driven 
primarily by interaction of speech motor systems with co-developing cognitive-linguistic 
systems, which are also not adult-like until this late period of development” (Smith & Goffman, 
2004, p. 246). Certainly, the acquisition of speech is a multidimensional process, the full nature 
of which is not well understood.  

SPEECH PATHOLOGY 
The understanding of speech disorders has progressed especially in the delineation and 
classification of disorders. But, aside from those speech disorders related to conditions such as 
hearing impairment, neurological disorders (e.g., cerebral palsy), autism, mental retardation, or 
craniofacial anomalies, the etiology of many important speech disorders remains elusive. For 
example, it is estimated that 90% of phonological/articulatory disorders are idiopathic, and 
essentially the same statement can be made about specific language impairment. We simply do 
not know the cause of some of the most frequently occurring speech and language disorders. 
As Fisher et al. (2003) noted, the diagnostic criteria of developmental speech and language 
disorders are for the most part exclusionary. That is, a clinician works to exclude factors such as 
hearing loss or the presence of specific symptoms. Not surprisingly, then, the individuals 
identified as having a particular disorder are in fact quite heterogeneous. One solution to the 
challenge of heterogeneity is the subtyping of disorders, which carves a larger classification into 
smaller classes that are more homogenous. But subtyping creates another set of problems, 
including the specification of criteria for reliable subtyping and the quest for etiologies and 
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interventions for each subtype. Another complication is that speech and language disorders are 
frequently comorbid with other disorders, particularly psychiatric disorders such as autism 
(Toppelberg & Shapiro, 2000). 

Classification systems for speech disorders are imperfect but nonetheless mark real and 
important progress. Indeed, the history of speech pathology can be told in part by the 
appearance of classification systems and accompanying diagnostic features; for example, 
children’s speech sound disorders (Shriberg, 1993) and dysarthria (Darley et al., 1969). These 
systems are exemplary in that they provide criteria for clinical assessment and classification as 
well as for etiological interpretation.  

TOWARD A SYNTHESIS OF THE BIOLOGICAL SUBSTRATES OF SPEECH 
The comments in this section are grouped into domains of biological study, beginning with 
evolution, continuing to genetics, and concluding with neurobiological research. The 
evolutionary stage is a logical beginning point that introduces research into the genetics and 
molecular biology of speech. 

Evolutionary Biology: Design Features of Speech 
Why consider evolution in a paper on development and disorder? It is not so much because of 
the assumption that ontogeny recapitulates phylogeny, but rather because the evolutionary 
biology is one way of understanding the design features of speech. It is said that words leave no 
fossils, and that is the challenge to those who would understand the evolutionary emergence of 
speech. When did our ancestors first forge vocal sound into symbol? No clear answer is before 
us, but recent reports give some fascinating clues. In evolutionary terms, we seek the diagnostic 
marker of speech–that special trace of vocal capability that might be identified in fossilized 
remains. Words are not fossilized but bones are, and students of anthropology examine the 
historic and contemporary osseous imprints to seek some point of departure by which vocal 
ability propelled homo sapiens into a unique linguistic trajectory. Several such diagnostics have 
been proposed, and some of these are quite discrete. The disengagement of larynx and 
velopharynx is well known as one possible diagnostic (Lieberman, 1991; Stein, 2003). More 
recently, measurements of the hypoglossal nerve canal convinced some researchers that the 
emergence of speech is marked by a critical diameter of the bony canal that houses the nerve 
that is motor to the tongue. The accumulated evidence is not entirely conclusive but still 
nourishes some belief that the neural requirements of a verbal tongue may in fact distinguish 
humans from the less articulate nonhuman primates. But speech does not proceed by tongue 
alone. Speech borrows respiration as its source of power, and could it be that the muscles of 
respiration were adapted to the peculiar needs of speech, which molds expiration into prolonged 
syllable sequences? A positive answer is given by observations of the size of the vertebral canal 
for the nerves that innervate the respiratory muscles (MacLarmon & Hewitt, 1999). It appears 
that organisms that speak have a larger diameter of this canal than organisms that do not 
speak. Now there are many reasons for an expansion of the vertebral canal, but the authors 
discounted every one they could imagine, save one–speech. If speech does hold survival value, 
then it is not surprising that it would have influenced evolution. Our ancestors who took the path 
to linguistic ability must have had some advantage over their nonarticulate peers. The force of 
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the evolutionary argument is that we as articulate humans have a biology that uniquely equips 
us for the capability of speech. 

It is often said in introductory lectures that speech is an overlaid function, being molded from 
underlying vegetative processes of mastication and deglutition. But this may be an 
oversimplification, because if speech held survival value in evolution, then our verbal ancestors 
may bear anthropological record of how speech became emblematic of their evolutionary 
advantage. Perhaps an individual measure such as the size of the hypoglossal or vertebral 
canal does not tell the whole story of vocal superiority. Instead, a combination of diagnostic 
markers may be needed for speech, including the following: 

1. Disengagement of the larynx and velopharynx (contributing to a lengthening of the pharynx 
and a right-angle craniovertebral orientation). Although much has been made of this anatomic 
remodeling of the vocal tract, descent of the larynx is not unique to humans. Descent of the 
larynx, but not the hyoid, has been shown in infant chimpanzees (Nishimura et al., 2003). This 
result was interpreted to mean that laryngeal descent began during hominoid evolution and did 
not occur as a single event during hominid evolution. Accordingly, the descent of the larynx in 
humans may have involved two steps, the first being descent of the larynx relative to the hyoid, 
and the second, the descent of the hyoid relative to the mandible and cranial base. These 
adjustments would appear central to the emergence of the human hyo-mandibular-lingual 
relationship, which differs considerably from that in nonhumans (Hiiemae & Palmer, 2003). 

2. Increased width of the hypoglossal canal (reflecting enhanced tongue function for speech). A 
study of 298 hominoid skulls by Jungers et al., (2003) indicated that by absolute measure, 
humans have the largest canals of any species except gorillas, although there is overlap with 
chimpanzees.In terms of relative canal size, humans have large values, but not as large as 
gibbons. 

3. Increased width of the vertebral canal, reflecting the demands of speech on the respiratory 
system. Modern humans and Neanderthals have enlarged canals compared with 
australopithecines and Homo ergaster, with the latter having canals of the about the same size 
as extant nonhuman primates (McLarmon & Hewitt, 1999). The distinction between rest 
breathing and breathing for vocalization is observed even in infancy, when coupling between rib 
cage and abdomen is strong for rest breathing but is markedly weakened for vocalization-
related breathing (Connaghan et al., 2004). (This variable coupling is an important feature of 
biological systems and is important to both speech development and speech disorders). 

4. Reduction of the mass of the masticatory muscles (allowing expansion of the cranium and, in 
turn, enlargement of the brain). Stedman et al. (2004) reported that a loss of a particular myosin 
heavy chain (MyHC) isoform led to an evolutionary reduction of the size of masticatory muscles. 
These changes in the masticatory apparatus might have contributed to the accelerated 
encephalization in hominids, on the assumption that, because the powerful mandibular 
elevators attach to the skull, a reduction in the size of these muscles would have allowed cranial 
(and therefore brain) expansion. However, it has been concluded that the interior shape of the 
frontal bone (and presumably, therefore, the shape of the frontal lobe of the brain) has been 
essentially invariant for the last 500,000 years (Bookstein et al., 1999).  
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5. Fixation of human-specific changes in speech-related genes, such as the FOXP2 gene 
(which is thought to have been fixed about 200,000 years ago, when humans and chimpanzees 
separated from a common ancestor) (Enard et al., 2002). FOXP2 is a transcription factor 
implicated in the development of speech and language, and it is associated with a greatly 
enhanced rate of protein substitution in human evolution (Zhang et al., 2002). FOXP2 appears 
to be important in songbirds, which, like humans, modify their innate vocalizations (Teramitsu et 
al., 2004). The authors concluded, “FoxP1 and FoxP2 expression patterns in human fetal brain 
are strikingly similar to those in the songbird, including localization to subcortical structures that 
function in sensorimotor integration and the control of skilled, coordinated movement” (p. 3152). 
More will be said about this gene later in connection with heritable impairments of speech and 
language.  

6. Any number of evolutionary changes in the brain may have been critical to language ability. 
For example, Stein (2003) proposes two adaptations: a lateralization of the neural systems 
controlling involuntary emotional vocalizations, and the development of "mirror neurons" in 
primate premotor cortex. Miall (2003) explains how mirror neurons and forward models can be 
integrated in a powerful action-perception linkage.  

Speech is an evolutionary accomplishment of extraordinary magnitude, and it should, therefore, 
define a branch of the tree on which we sit. If we understand evolutionary processes leading to 
speech, then we will be in a better position to understand the development of speech in children 
and the various disorders of speech that affect both children and adults. Aspects of evolution 
reappear in the following discussions of the genetics and the molecular biology of speech.  

The Genetics of Speech and Language: The Genotype for Human Communication 
In a relatively short time, advances in genetics have redefined biology and medicine. It is 
commonplace now to say that about half of anything we study can be explained by genetic 
factors. Is speech in our genes? The answer may not be as simple as finding a single language 
gene. Speech and language may be related to genes in several different chromosomes, among 
the current candidates are chromosomes 1, 2, 3, 7, 13, 16, and 19. This list may grow as 
genetic research continues. The investigations that identified these loci proceeded largely from 
careful description of a phenotype of speech or language disorder.  

One of the most famous of these is the FoxP2, identified in a study of a large kindred with the 
disorder of apraxia of speech and language impairment (Varda-Kahdem et al., 1995). This 
accomplishment was presaged by a number of studies that suggested a possible genetic basis 
for a variety of communicative disorders, including specific language impairment, stuttering, and 
phonological disorder. This is not to say that there is a Mendelian inheritance pattern for most of 
these disorders. Rather, a polygenic, multifactorial pattern is far more likely. Genome meets 
environment, and this meeting occasions all kinds of complexities. If some critical proteins lay 
the foundation for speech, then the implications for speech and familial speech disorders are 
profound.    

The search for genetic bases is full of challenges and exciting potential (Bischop, 2002; 
Felsenfeld, 2002; Rice, 1996; Stromswold, 1998). Consider just one disorder, developmental 
stuttering, which is a disorder unique to speech (although a similar disturbance has been 
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reported in birds; Leonardo & Konishi, 1999). There is no equivalent disorder affecting walking, 
handwriting, keyboarding, or manual signing. Stuttering is a disorder of the flow of speech, and 
speech only. Evidence for a genetic predisposition toward stuttering is gaining acceptance 
(Starkweather, 2002), but there are still big questions to answer, such as what form the 
predisposition takes and where in the genome the predisposition might lie. Concerning the 
nature of the disposition, several possibilities are suggested by Starkweather (2002): (1) 
Children who stutter might have a low tolerance for disfluent speech, which creates frustration 
and fear. (2) Children who stutter might have a fast speaking rate, which tends to result in 
increased disfluencies. A longitudinal study by Kloth et al. (1998) showed that for children who 
are at risk for stuttering because of family history, are more likely to become stutterers 
themselves if they have a rapid speaking rate. (3) Children who stutter may have a slow 
reaction time that leads to abnormal latencies in word retrieval or sentence formulation. (4) 
Children who stutter may lack a speech or language skill, which, if present, leads to recovery 
from disfluency in the majority of children. For example, Ambrose et al. (1997) assert that boys 
and girls are equally likely to stutter at very young ages, but girls are more likely to recover, 
possibly because of relatively advanced language ability. The list of possible explanations could 
easily be extended. But the point is that stuttering as a behavioral phenomenon could be related 
to a number of genetic predispositions, including one or some combination of the ones just 
considered. Multidisciplinary research has the potential for important new discoveries. For 
example, it may be possible to relate the genetic and behavioral studies with structural and 
functional neuroimaging. Although consistent brain anomalies have not been reported, work by 
Foundas et al. (2001) offers the first evidence that anatomic anomalies in the perisylvian 
speech-language areas are risk factors for persistent developmental stuttering.     

Among the most promising developments is the identification of a quantitative behavioral trait 
that can be linked to a specific chromosomal location. A measure that has assumed particular 
significance in behavioral and genetic studies of speech and language impairment is nonword 
repetition (NWR). Poor performance on this measure is thought to reflect impairments in 
phonological working memory, a cognitive system that contributes to the short-term storage of 
phonetic sequences (Gathercole et al., 1994). A NWR deficit is considered to be one of the best 
markers for specific language impairment (Conti-Ramsden, 2003; Ellis Weismer et al., 2000; 
Gray, 2003) and it has been reported to be highly heritable (Bishop, 2002). The SLI Consortium 
(2002) concluded from a systematic genomewide quantitative-trait-locus analysis that NWR is 
linked to chromosome 16q. Another locus, 19q, was linked to an expressive-language score. 
These two loci were considered to be general risk factors for language impairment. NWR also 
was regarded to be the best biological marker in distinguishing affected from nonaffected 
groups of the KE family (Watkins et al., 2002) and was linked to chromosome 3 in a study of 77 
families ascertained through a child with speech-sound disorder (Stein et al., 2004). Therefore, 
NWR deficit has been linked to three chromosomes, 3, 7, and 16. Phonological working memory 
is crucial to spoken language, and it appears that this trait may be well represented in the 
human genotype, being distributed in at least 3 chromosomes. Indeed, a genomewide search is 
well motivated because the evidence at hand does not conclusively point to the involvement of 
any particular gene, or any particular chromosome in accounting for the most frequently 
occurring speech and language disorders. For example, one study of 270 4-year-old children 
selected from low general language scores did not turn up a single instance of FOXP2 mutation 
(Meaburn et al., 2002). 
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It is important to note the rapid progress in the understanding of the genetic influences in 
speech and language disorders, but this is not to say that other factors can be neglected. To the 
contrary, understanding the genetic influences is but one step, albeit a big one, toward the 
larger understanding of polygenic, multifactorial disorders, which is probably what many speech 
and language disorders are. 

Toward a Molecular Biology of Speech 
In 1967, Eric Lenneberg published a seminal book, titled The Biological Foundations of 
Language. It is nearly time for another book of proportionate significance. It might be called 
something like The Systems Biology of Speech, because we are at the threshold of a new 
biology of speech, a biology that synthesizes genetics, molecular biology and  biobehavioral 
studies. Systems biology seeks an integrated understanding of the structure of the system 
(including gene regulatory and biochemical networks), the dynamics of the system, the control 
principles of the system, and the design features of the system (Kitano, 2002). Systems biology 
is an antidote for the reductionistic approaches that dominated biology for decades. For 
example, Thomas et al. (2004) explain that one means of representing biological systems, The 
Design Matrix, can reveal much about the operation of biological systems, including coupling 
among functions, sources of robustness, location of control points, and the effects of 
pharmaceutical modulation. The study of speech  speech has perhaps not been as 
determinedly reductionist as biology, perhaps because so little is known about the genetics and 
molecular biology of the speech organs. This informational void is at last being filled, with the 
result that the study of speech is better positioned to relate high-level descriptions of goals and 
control models to molecular descriptions of the effectors. We turn now to this long-neglected 
level of the molecular biology of speech. 

A growing number of papers, many published only within the last five years, indicate that the 
human craniofacial muscles are specialized in their genetic, developmental, functional, and 
phenotypical properties (Mootoosamy & Dietrich, 2002; Noden et al., 1999; Shuler & Dalrymple, 
2001; Yu et al., 2002). To put it very simply, craniofacial muscles are not skeletal or trunk 
muscles. Because of page limitations, it is possible to give only a brief review of the relevant 
research here, but a more extended discussion can be found in Kent (in press). To express the 
argument in its strongest form, speech is a uniquely human motor accomplishment because it 
exploits (a) a craniofacial sensorimotor system that is unique to humans (evolutionary 
uniqueness), and (b) a sensorimotor system that is like no other in humans (within-species 
specialization). This is not to say that speech has no other grounds of uniqueness, but rather to 
emphasize biological discoveries interconnecting evolution, genetics, and function.  

The major evidence is summarized in Table 2, which shows for each major articulator a 
summary of its muscle-fiber composition and the presence of intrafusal fibers (muscle spindles 
or similar structures). The major conclusions are that (a) the craniofacial muscles are 
heterogeneous in their muscle fibers (remarkably different from limb and trunk muscles), and (b) 
the muscles involved in speech resemble the extraocular muscles (non-load bearing muscles) 
more than the muscles of the limbs and trunk. Furthermore, as reviewed in Kent (in press), the 
craniofacial muscles in humans (a) are distinct from homologous muscles in animals, (b) have 
distinctive patterns of development and aging, and (c) are adapted to the peculiar requirements 
of phonation and articulation. The unfolding picture of the molecular biology of speech reveals a  
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Table 2. Summary of muscle fiber types and spindle-type receptors in craniofacial 
muscle. Sources are: B – Brandon et al. (2003),D- D’Antona et al. (2002), ET - Ericksson & Thornell 
(1987),H – Han et al., (1999), K – Korphage et al. (2000), Ku - Kubota et al. (1975), KM – Kubota & 
Masegi (1977), L – Li et al. (2004), Ls – Liss (1990), Sa - Sanders et al. (1998), Sc1 – Sciote et al. 
(1994), Sc2 – Sciote et al. (2002), Sh - Shiotani et al. (1999), Sta1 - St∆l et al. (1990) Sta2 – St∆l et al. 
(2003), SL – St∆l & Lindman (2000), T – Tellis et al. (2004), Y – Yu et al. (2002).  

 

Muscle Muscle fiber types Sensory receptor 
Masticatory 
muscles–jaw 
elevators 

Large proportion of hybrid muscle fibers, 
with up to 5 different MyHC isoforms in the 
same fiber (K, Sc1,Y) 

Spindles in masseter, temporalis, 
and internal pterygoid (K, KM, ET); 
abundance of spindles in deep 
portion of masseter, associated with 
type I muscle fibers (ET) 

Masticatory 
muscles–jaw 
depressors 

Compared to elevators, fewer hybrid fibers 
and fewer fibers expressing MyHC-I, 
MyHC-fetal & MyHC-cardiac alpha; but 
more fibers expressing MyHC-IIA (K) 

A few spindles in external pterygoid 
(arguably a depressor) 

Lingual muscles–
anterior 

Predominance of small type IIA fibers 
(St2) 

Spindles in intrinsic and extrinsic 
muscles (Ku) 

Lingual 
muscles—
intrinsic 

Combination of type I, IIA, and IM/IIC 
fibers in longitudinal, vertical, and 
transverse muscles, which are likely 
innervated in discrete regions by separate 
branches of the lingual nerve (St2) 

Spindles in intrinsic and extrinsic 
muscles (Ku) 

Lingual muscles–
posterior 

Predominance of large type I and type 
IM/IIC fibers (St2) 

Spindles in intrinsic and extrinsic 
muscles (Ku) 

Labial muscles Predominance of type IIA fibers (St1) Absence of spindles in perioral 
tissues (St1) 

Palatal muscles–
elevators 

Predominance of type I fibers (SL) Spindles present in                     
tensor veli palatini (K) and        
levator veli palatini(L) 

Palatal muscles–
depressors 

Predominance of type II fibers (some of 
the highest proportions ever observed in 
human muscle) (SL) 

Spindles present in palatoglossus  
(K, L) 

Laryngeal 
muscles–
adductors 

Predominance of fast-type MyHCs and 
slow tonic muscle fibers; hybrid fibers 
commonly present (D, L, Sc2, Sh) 

Spindles abundant in superior medial 
quadrant of thyroarytenoid (Sh); 
sparser  or absent in other 
compartments of this muscle (S,T) 

Laryngeal 
muscles–
interarytenoids 

Type I and types IIA and IIX (T) Spindles present (T) 

Laryngeal 
muscles–
abductors 

Abundance of mixed fast-slow type 
MyHCs (Sh); 4:1 ratio of Type I to Type II 
in horizontal belly but nearly equal 
proportion in vertical belly (B) 
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twofold specialization--first, craniofacial muscles compared to limb and trunk muscles, and, 
second, speech adaptations within the craniofacial muscular complex.  Evidence for the latter is 
seen in the cross-muscle heterogeneity of muscle fiber types and in human vs animal 
differences in the muscle-fiber composition of homologous muscles (Kent, in press). 

What is gained by the distinctive muscle-fiber types in the speech muscles? In general terms, 
the advantages are a range of contraction speeds (from very slow to very fast, sometimes in the 
same muscle), fatigue resistance (a desirable property for those who talk for much of the day), 
and regional variations within muscles (which permit functional adaptability and the potential for 
complex shapes). 

What do these inventories of extrafusal and intrafusal fibers have to do with speech 
development and speech disorders? The relevance to development is largely unknown, but if 
muscle-fiber-type composition of muscles is determined by the genome and by use, then it is 
expected that speech would have a “performance anatomy” (Bosma, 1976) not only at the 
macroanatomic level, but also at the level of molecular biology. As a child uses muscles for the 
demanding sensorimotor task of speech, it would seem that muscle fibers would be adapted to 
the task requirements. It is notable that agonist and antagonist muscle groups differ in their 
muscle-fiber-type composition, which argues against simple reciprocal commands as the means 
to motor control of these structures. 

The relevance to disorders is in four main areas: muscular selectivity of certain diseases, 
progression of symptoms; differential effects of disease processes on muscle systems, and 
response to interventions. Each of these is discussed in turn. If it is true that the craniofacial 
muscles differ from limb and trunk muscles, then a selectivity of diseases for craniofacial vs 
limb-trunk musculature should be evident. Indeed, craniofacial-selective disorders include: 
myasthenia gravis, congenital fibrosis syndromes, and oculopharyngeal muscular dystrophy. 
Craniofacial-resistant disorders include Duchenne muscular dystrophy. Regarding progression 
of symptoms, an orad (posteroanterior) progression of speech involvement has been proposed 
for disorders such as Parkinson’s disease (see review in Kent et al., 1998). With respect to 
differential involvement of muscular systems, it has been reported that in amyotrophic lateral 
sclerosis, e.g., lingual and velopharyngeal muscles are more involved than masticatory muscles 
(Kent et al., 1998). Differential effects of treatment, pharmacological interventions for 
oromandibular dystonia can have different effects between jaw and tongue muscles (Yoshida, 
2003) and between elevator and depressor muscles (Yoshida, et al., 1998). It has also been 
shown that pharmacological, surgical, or stimulation interventions that lead to satisfactory 
improvements in limb and trunk motor function may have neutral or even negative effects on 
speech (Kent, in press). 

REMEDIATION 
Clinical intervention for speech disorders covers a spectrum that includes behavioral, prosthetic, 
surgical, pharmacological, and most recently, and tissue engineering methods. Only the most 
cursory survey of this formidable topic could be accomplished in these few pages, especially 
because the interventions are often tailored to specific disorders and patient characteristics (see 
chapters on intervention in Kent, 2004). As the inventory of interventions has grown in parallel 
with the understanding of the mechanisms of disorder, a major contemporary question is: what 
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is the efficacy of these interventions? Speech-language pathology and audiology, like their 
sister disciplines in medicine and allied health, are turning to evidence-based practice to give 
guidance to clinicians. Evidence-based practice has been termed a paradigm shift in medicine, 
and it likely will be a dominant theme in intervention research for some time to come.  
Fortunately, the methods are at hand to determine treatment outcome for many common 
interventions, but the challenge of collecting the relevant data is formidable.  

CONCLUSION 
One aspect of the history of research on speech development and disorders is the burgeoning 
knowledge of its biological substrates, including evolutionary biology, genetics of speech and 
language, and the molecular biology of speech. The rapid increase of information in these areas 
builds on decades of research on how speech develops in children and how it is disturbed by a 
number of pathological processes. This paper has focused particularly on biological aspects of 
speech, because of significant progress in this domain and because of the potential for an 
understanding of speech in terms of systems biology. But this is not to deny or neglect the 
various other domains of knowledge about speech, including linguistics, psychology, and 
sociology.    
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