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ABSTRACT 
 

This paper discusses motor speech disorders 
(MSDs) and their contribution to our 
understanding of motor speech control.  The 
MSDs, which include the dysarthrias and apraxia 
of speech, can be distinguished on the basis of 
their clinical attributes. The perceptual (and 
acoustic and physiologic) distinctions among the 
MSDs have logical relationships with the motor 
control roles played by the damaged portion of 
the nervous system with which they are 
associated. Models of speech motor control must 
account for several aspects of movement that are 
known to break down when the nervous system’s 
motor structures and pathways are damaged. At 
the least, these include requirements for force, 
quick, accurate movements with proper postural 
support, coordination, modulation (e.g. 
amplitude), and selection and sequencing of 
movement plans/programs. 
 

1. MOTOR SPEECH DISORDERS 
 
One valuable method for identifying the critical 
neurologic structures and pathways involved in 
motor speech control relies on examining the 
relationships between the auditory perceptual, 
acoustic, and physiologic characteristics of 
distinctive neurologic speech disturbances and 
the specific loci of their causal lesion(s) within 
the central (CNS) or peripheral nervous system 
(PNS). The speech disorders that have 
contributed most to these efforts are known 
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dly as motor speech disorders (MSDs), 
h can be grouped under two broad 
ategories, the dysarthrias and apraxia of 
ch. Data acquired over about 40 years, 
marized by Duffy [1], have led to general 
ptance of the paradigm developed by Darley, 
son, and Brown (DAB) [2, 3, 4] for 
ifying the dysarthrias and for distinguishing 
 from apraxia of speech. The approach has 
o advances in our understanding of the 
s as clinical entities and has helped to 

rate testable hypotheses that have refined 
revised concepts of motor speech control and 
eurologic underpinnings. 

DAB system for classifying the dysarthrias 
tifies the structures and pathways that are 
al to many aspects of motor speech control. 
e include (1) the PNS/lower motor neuron 
N) system, (2) the direct and indirect 
ation pathways of the upper motor neuron 
N) system, (3) the cerebellar control circuit, 
(4) the basal ganglia control circuit.  All of 
 structures and pathways are bilateral. An 

tional level - informed by the characteristics 
raxia of speech - is importantly tied to 
ch planning and programming operations in 
eft (dominant) cerebral hemisphere.  
ences about the pathophysiologic basis for 
uditory perceptual characteristics of each of 
SDs, with subsequent confirmatory and 

plementary acoustic and physiologic studies, 
 provided clues about the specific roles 
ed by the different structures and pathways 



 

of the speech motor system.  There is substantial 
overlap among the speech characteristics 
associated with each of the MSDs, but this is 
consistent with the anatomic overlap that exists 
between and among the integrated functional 
networks that underlie them.  More important, 
however, is that each MSD has certain distinctive 
characteristics. It is these distinctive 
characteristics that provide clues about the motor 
speech control responsibilities of the affected 
portion of the motor system. The succeeding 
paragraphs summarize each of the MSDs, their 
distinguishing clinical speech characteristics, 
their neurologic underpinnings, and current 
directions for research. 
 
Flaccid dysarthria results from abnormalities in 
cranial or spinal nerves that drive the respiratory, 
phonatory, resonatory, and articulatory 
subsystems of speech. Its characteristics reflect 
reduced force of muscular contraction 
(weakness).  Its specific perceptual 
characteristics depend on the specific nerves 
involved, but all speech abnormalities, with the 
exception of those that can be tied to 
compensatory efforts, reflect weakness.  The 
perceptual characteristics are highly predictable 
within affected individuals (e.g., reduced 
loudness and short phrases per breath group with 
respiratory weakness; short phrases, reduced 
loudness and breathy-hoarse voice quality with 
laryngeal weakness; articulatory imprecision 
with facial, jaw, or lingual weakness).  Although 
sensory feedback about muscle activity is 
important for CNS control of speech movements, 
this level of the motor speech system is purely 
executory and has little to do with motor 
planning, programming, or control.  Its value to 
the study of speech motor control is that it 
identifies speech deficits associated with isolated 
damage to specific cranial or spinal nerves.  It 
also displays how central control mechanisms 
can compensate, in sometimes-remarkable ways, 
for weakness in specific structures to 
approximate motor equivalence to maintain 
intelligibility.  
 
These disorders also may help to illuminate 
possible differences between speech and skeletal 
musculature. This is an under-studied area, but 
recent studies show that craniofacial, lingual and 
laryngeal muscles differ from skeletal muscles in 
their developmental patterns, functional 
properties, and molecular phenotypes [5, 6, 7, 8]. 
McComas [9], noting the differences between 
orofacial and limb muscles, cautioned against 
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 properties of fatigue resistance and rapid 
tening that are highly suited to their 
ialized roles in phonation and articulation. 
efore, neurologic disease may not have 
tly the same consequences on speech as on 
tal muscles, and a complete understanding 
e neurology of speech must take these 
rences into account. 

tic dysarthria results from damage to the 
 system that controls quick, discrete 

ements (the direct activation pathways) and 
ides appropriate background tone upon 
h rapid movements may be superimposed 
indirect activation pathways).  Its most 
nctive characteristics include slow speech 
 strained voice quality, and slowed and 
icted range of the pitch, duration and 
ness adjustments necessary for normal 
ody. In general, timing relationships among 
rent speech subsystems remain intact, and 
ning and programming of movements are 
fected.  Reduced intelligibility is a product 
stortions of speech stemming from 
tance to movement (spasticity) and 
ness.  Its perceptual characteristics and 

opathophysiological underpinnings are 
ively predictable and constant. However, 
epancies have been reported between 
eptual analyses and instrumental (acoustic 
physiologic) investigations, bringing into 
tion the degree to which perceptual 
ssment alone is sufficient to determine the 
lvement in motor subsystems of speech. A 
of future research is to bring about a unified 
rstanding of the pathophysiology underlying 
form of dysarthria. 

ic dysarthria results from damage to the 
bellum (usually the vermis or lateral 
ispheres) or cerebellar pathways.  Speech 
acteristics largely reflect poor timing and 
dination, with subsequent abnormalities in 
d, range, steadiness, and direction of 
ements.  Distinctive speech characteristics 
include irregular breakdowns of articulation, 
coping of syllables, inappropriate variations 
tch, loudness and duration, and a scanning 
odic pattern. The “errors” are often 
edictable and irregular, frequently reflecting 
lems with temporal control. Recent studies 
 progress in the use of quantitative methods 

he study of the prosodic disorder and the 
rbances in the timing of movements. Our 



 

investigations of the prosodic disorder draw on 
methods used in the study of dialectal variations 
of English and may point the way toward a 
quantitative, systematic analysis of prosodic 
abnormalities in a variety of speech and language 
disorders. 
 
Hypokinetic dysarthria results from involvement 
of the basal ganglia control circuit, and many of 
its distinctive characteristics reflect the effects of 
rigidity, reduced range of motion, and difficulties 
initiating movement. Parkinsonism is the 
prototypic disease associated with it. Distinctive 
speech characteristics often include reduced 
loudness, restricted pitch and loudness 
variability, accelerated rate, problems initiating 
speech, and dysfluencies. Deviant speech 
characteristics have much to do with attenuation 
or damping of movements, and sometimes 
reduced awareness of their inadequacy. They are 
fairly predictable and constant. Interestingly, 
substantial evidence, reviewed by Kent et al. 
[10], shows that medical interventions that lead 
to fairly consistent improvements in limb 
movements sometimes have neutral or even 
negative outcomes for speech. This discrepant 
pattern has been reported for levodopa therapy, 
posteroventral pallidotomy, fetal dopamine 
transplants, and deep brain stimulation. If, as 
DAB concluded, the neurology of speech 
follows the neurology of the limbs, when why 
should these differences occur? One 
interpretation is that the laryngeal and 
articulatory components of speech are not under 
significant dopaminergic control in Parkinson’s 
disease, which opens the door to new hypotheses 
and studies on the neural control circuits of 
speech. 
 
Hyperkinetic dysarthria is also associated with 
basal ganglia control circuit pathology.  It is a 
near mirror image of hypokinetic dysarthria, 
reflecting a host of different involuntary 
movements, including, for example, tremor, 
dystonia, dyskinesia, myoclonus, and chorea, 
with distinctions among them largely a function 
of their speed and rhythmicity.  The distinctive 
speech characteristics are highly variable and 
depend on the specific nature of the involuntary 
movement and which speech subsystems are 
involved.  Typically, they have a major impact 
on prosody.  In some cases deviant speech 
characteristics are predictable but not necessarily 
constant during ongoing speech, whereas in 
others specific abnormalities may be highly 
unpredictable. A particularly intriguing aspect of 
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ements. The study of these compensations 
ses on intriguing forms of attempted “motor 
valence.” 

xia of speech is the result of damage to an 
rated network of structures and pathways in 
ominant (left) cerebral hemisphere. It 

umably reflects impairment of planning and 
ramming of speech movements, with 
ous close ties to processes (and structures) 
lved in phonological selection and 
encing. There remains considerable 
rtainty about the characteristics that clearly 
nguish it from the linguistic, phonological 
s that may result from aphasia, but there is 
asing acceptance that apraxia of speech and 
sia must be distinguished for both clinical 
theoretical purposes. The characteristics of 
xia of speech are primarily prosodic and 
ulatory, but they can occur in the absence of 
eakness, spasticity, incoordination 
bellar), rigidity or involuntary movements 
characterize the dysarthrias. Its distinctive 
acteristics include distorted phonetic 
titutions, additions and omissions, 
ulatory groping, syllable segregation, and 
 rate. Although the cerebellar and basal 
lia control circuits play important roles in 
rogramming and control of speech, the 

nctive characteristics of apraxia of speech 
tify the left hemisphere as having a 
ialized role in the selection and sequencing 
eprogrammed subroutines for speech that 
eparable from other components of the 
ch motor system and, clinically, from the 
rthrias and aphasia. Instrumental studies 
le detailed analysis of spatio-temporal 
rns in the disorder, and these collectively 
t to frequent discoordinations. Theories 
osed to account for the disorder parallel 
s on the selection and assembly of 
ological strings and motor sequences in 
al speech. Neuroimaging and 

coanatomic studies show some convergence 
entifying the responsible neural circuits 

 
2. RESEARCH POTENTIALS 

arch potentials that cut across the MSDs 
de: neuroimaging studies combined with 

iled analyses of the speech disorder to offer a 
ed clinicoanatomic picture, investigations of 
er differences in the effects of neurologic 
se on speech motor control, lifespan studies 



 

to show how developmental (childhood) and 
aquired (adult) forms of MSDs are similar or 
different, and studies of treatment outcomes to 
determine the malleability of speech motor 
control in the face of persisting neurologic 
abnormality. Recent research holds promise of a 
new horizon in understanding these disorders, 
and, therefore, speech motor control in the 
general sense. As Kent et al [11, p. 273] 
remarked, the dysarthrias “have much to tell us 
about how the brain regulates the act of 
speaking.”  

           
 
3. CONCLUSIONS 
 

Perceptual, acoustic, and physiologic analyses of 
MSDs identify a number of crucial needs that 
must be met for normal speech motor control. 
They establish that these needs are, to some 
degree, met within separable pathways and 
structures in the nervous system because lesions 
to different parts of the motor system lead to a 
number of predictable and distinctive speech 
abnormalities. Thus, we know that muscles must 
be driven with appropriate force for speech to be 
precise, and that the phonetic attributes of speech 
that suffer when force is reduced are highly 
predictable as a function of the specific affected 
cranial and spinal nerves (flaccid dysarthria, 
LMN system).  We know that adequate speech 
motor control requires CNS drive to direct quick, 
discrete, phasic movements but that such 
movements can be normal only in a setting of 
appropriately-adjusted postural or tonal support 
(a kind of braking system) upon which they can 
be superimposed (spastic dysarthria, upper motor 
neuron system).  We know that speech 
movements must be coordinated within and 
among the speech subsystems by structures and 
pathways that have knowledge of movement 
goals and their attainment, and the capacity to 
influence adjustments of subsequent movements 
based on sensory feedback (ataxic dysarthria, 
cerebellar control circuit).  We know that speech 
must be properly modulated (e.g., in amplitude, 
velocity, and initiation) so that movement 
parameters are neither underspecified, nor 
overspecified (hypokinetic and hyperkinetic 
dysarthria, respectively; basal ganglia control 
circuit). And, finally, we know that speech must 
be planned and programmed, and that mature 
speech probably requires the selection and 
ordering of preprogrammed subroutines that 
specify movements and their targets (apraxia of 
speech, several regions of the left cerebral 
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