NEURAL PERSPECTIVES ON
MOTOR SPEECH DISORDERS

Current Understanding

Gary Weismer

his chapter presents a neuroanatomic
and functional neurologic framework for
the student of motor speech disorders, but
does not present detailed information typ-
ically covered in a chapter on the neuro-
logic underpinnings of speech production.
For example, material on the anatomy and
physiology of neurons, the structure and
variation of motor units, and the detailed
structure of fiber tracts and nuclei is
assumed to be generally familiar or easily

accessible to readers. Rather, the focus of

this chapter is on a model of sensorimotor
structures, pathways, and functions of the
brain that can be referenced to the Mayo
classification system described in Chapter 2
and summarized below under Prefiminar-
fes. Students interested in alternative pre-
sentations of material on brain mechanisms
for speech should consult Duffy (2005,
Chapter 2), Kent and Tjaden (1997), and
anr older text by Kuehn, Lemme, and Baum-
gartner (1989).

The organization of this chapter is as
foliows. First, a model of brain structures
refevant to sensorimotor control is pre-
sented, accompanied by a general discus-
sion of what the term “speech motor con-
trol” means in this text. Parts of the model
are then taken one at a time and discussed
in further detzil not onlv in terms of gen-
eral structure and function but also with
respect to possible pathophysiology and
its effect on speech production. Through-
out the chapter, components of the tradi-
tional specch motor examination are
described and discussed.

The Model: A Brief
Description

Figure 3-1 is a box-and-arrows diagram of
the parts of the brain thought o be in-
volved in sensorimotor control in general,
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Figure 3-1. Box-and-arrows schematic diagram of central nervous system (CNS)
structures involved in sensorimotor control. Section 1 contains cortical struc-
tures (PMC = primary motor cortex); Section 2, the basal nuclei and cerebellum
(GP = globus pallidus; SN = substantia nigra; STN = subthalamic nucleus; TH =
Thalamus; CEREB = cerebellum); Section 3, the brainstem motor nuclei; Section 4,
the ventral horn of spinal cord. CBT = corticobulbar tract; CST = corticospinal
tract. Single-headed arrows indicate fiber tracts going to the structure where
the arrowhead points; double-headed arrows indicate pairs of structures with
fiber tracts going in both directions. See text for additional details.

and speech motor control in particular.
Two general points about this diagram and
its interpretation should be made at the
outset of this discussion. First, we use the
term sensorimotor control to designate
the likely role of different forms of sen-
sory information in shaping and main-
taining “good” motor behavior. The most
obvious case for speech is auditory and
tactile/proprioceptive information (e.g.,

in the latter case, tongue-palate contact in
the accurate production of certain high
vowels and many consonants), but there
arc other more subtle forms of sensory
information that enter into the production
of smooth, accurate movements. Second,
much of our current information on senso-
rimotor control is based on studies of limb
and hand (paw) movements produced by
humans and animals. Knowledge of the
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precise mechanisms of speech motor con-
ol lags that of limb motor control—and
even orofacial control in animals—opre-
cisely because there is no animal model of
speech production. Much of what is cur-
rently thought to be known about speech
motor control, therefore, is inferential,
pased on “natural” experiments in which
humans suffer localized brain damage and
have speech production deficits specific to
the affected structures. In fact, as reviewed
in Chapter 2 and discussed below, this is
the conceptual basis of the Mayo Clinic
classification system of dysarthria. Knowl-
edge of speech motor control mecha-
nisms is increasing with brain imaging
techniques. One of the claims from this
work, in its infancy, is that speech motor
control mechanisms in the brain are widely
distributed across many structures. The
possibility of speech production requiring
diverse and sometimes unexpected brain
mechanisms is reflected by the several
cortical mechanisms shown in Figure 3-1.
To add to the complication but to make a
clinically relevant point, the precise mech-
anisms involved in speech production may
depend on the kind of speech being pro-
duced (Blank, Scott, Murphy, Warburton,
& Wise, 2002).

It is useful to separate the model into
four general sections, as shown by the
dashed-line rectangles in Figure 3-1. Sec-
tions 1 and 2 include cortical and subcor-
tical structures known to be important to
motor control. The cortical “boxes” in the
model represent several areas, including
the primary motor cortex, the premotor
cortex, the supplementary motor area and
Broca’s area, the latter three gathered in
the box labeled “Frontal” and parts of the
insular cortex. Not shown among the cor-
tical areas are the primary sensory cortex
and Wernicke's area, both of which have

been implicated in some studies as active
during speech production. Cells in the
primary motor cortex and the premotor
cortex receive either direct or indirect
connections from the other cortical areas.
Primary and premotor cortex send axons
to make direct connections to the motor
cells in the brainstem and spinal cord. The
corticobulbar tract (CBT in Figure 3-1)
makes these connections between cortex
and brainstem, the corticospinal tract (CST
in Figure 3-1) between cortex and spinal
cord. These direct connections carry the
processed and integrated output of many
sources of cortical and subcortical activity.
Note also the lack of specification for the
hemisphere affiliation of the cortical areas
shown in Figure 3-1. It is, of course, well
accepted that for most individuals the left
hemisphere is dominant for speech and
language production and reception, but
both hemispheres show activity during
speech production as would be expected
because many of the muscles of the head
and neck receive bilateral innervation (see
below) from the cortical primary and pre-
motor areas.

Section 2 of the brain model in Figure
3-1 shows the basal nuclei, the thalamus,
the cerebellum, and connections between
these structures.  The doubled-headed
arrows between certain structures indi-
cate information flowing in both direc-
tions; these connections are described
more fully below. The basal nuclei (often
called the basal ganglia ) include the cau
date and putamen which together consti-
tute the striatum, the substantial nigra, the
subthalamic nucleus, and the globus pal-
lidus (other structures not mentioned
here are sometimes included as part of the
basal nuclei). The thalamus is made up of
many nuclei that relay information from
several different locations throughout the
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brain and spinal cord to the cortex; some-
times it is called the main sensory relay for
neural signals in transit to the cortex. The
thalamus also contains several “motor
nuclei” which are described later in this
chapter. The cerebellum, a massive, phylo-
genetically older part of the brain located
beneath the cerebral hemispheres and
posterior to the brainstem, contains nuclei
connected by large fiber tracts to many
different parts of the brain.

Section 3 of the model includes nuclei
in the brainstem associated with the cra-
nial nerves that innervate head and neck
muscles, as well as nuclei for audition. The
motor neurons (neuron cell bodies con-
nected to muscle fibers by means of an
axon) associated with cranial nerves V
(trigeminal), VII (facial), IX (glossopharyn-
geal), X (vagus), XI (accessory), and XII
(hypoglossal), can be considered the final
common pathways for motor control. In
other words, signals originating in these
brainstem motor neurons and conducted
via the cranial nerves to muscles represent
the combined influences of all cortical,
subcortical, and cerebellar processing
reflected in the descending input signal
delivered to a motor nucleus in the brain-
stem. Auditory nuclei in the brainstem
receive information from the auditory
nerve, one of the two divisions of cranial
nerve VI (the other is the vestibular por-
tion, important for balance and orientation
in space). Auditory mechanisms are in-
cluded in our model because they have a
prominent role in our definition of speech
motor control. In the simplified diagram
of Figure 3-1, connections between the
brainstem and other structures of the brain,
including the cerebellum, subcortical
nuclei, and spinal cord, have been omitted.

Finally, section 4 represents spinal
motor neurons and their innervation of

the muscles of respiration. The cell bodies
of these motor neurons are located in the
ventral horn of the spinal cord. As in the
brainstem, they and the spinal nerves that
issue from them can be considered the
final commeon pathway to the muscles of
the thorax, diaphragm, and abdomen.

The Model and
Speech Motor Control

The model in Figure 3-1 is a schematic
representation of the mechanisms involved
in motor control in general, and speech
motor control in particular. The following
question can (and should) be asked, “Is a
model of general motor control, based
largely on studies of limb and hand behav-
ior sufficient for and appropriate to an
understanding of speech motor control?”
For the purposes of this text, we believe
the answer to this question is “no.” even
though principles of general motor con-
trol most certainly apply to aspects of
speech motor control. Speech motor con-
trol is different from limb motor control
because the goals of speech production
appear to be the acoustic results of partic-
ular vocal tract shapes and changes in
those shapes over time. In this conception
of speech motor control, consistent with
recent research and emerging theories of
speech production behavior (e.g., Guen-
ther, Hampson, & Johnson, 1998), the
acoustic signal produced by the speech
mechanism is part of the motor control
process, not separate from it; this is why
parts of our model shown in Figure 3-1
contain auditory processing components.
As children are learning and refining the
acoustic consequences of the changing
configurations of the vocal tract they store
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these associations as a set of expectations,
namely, that certain movements will pro-
duce certain acoustic consequences. The
mature speaker uses this set of expecta-
tions as a form of quality control over her
speech movements. If there is a mismatch
between a movement and the acoustic
consequence, some updating of this par-
ticular expectation would be required to
re-establish the correct relationship. This
perspective on the nature of speech motor
control also explains why evaluation of
the speech mechanism by oromotor, non-
verbal tests (e.g., such as generating max-
imum strength efforts with the lips, jaw, or
tongue, or wagging the tongue laterally at
maximum speed) has limited application
to the understanding of a speech motor
control deficit: a task with no acoustic
output, even if performed by parts of the
speech mechanism, is not speech and there-
fore is subject to different control strate-
gies and potential deficits. The acoustic
output of the vocal tract is not the result
of speech motor control, it is an integral
part of it.

In the remainder of this chapter we
consider each section of the model in Fig-
ure 3-1 in somewhat more detail, with
emphasis on how damage to its compo-
nents may assist in diagnosis of specific
neurologic disease and how it may affect
speech motor control. To “build up” the
system, we begin with section 4, and work
our way “up” the nervous system to the
cortex. Because signs and symptoms of
different types of neurologic damage are
discussed within the framework of the
model, some preliminary material is dis-
cussed to allow detailed consideration of
the model. These preliminaries are stan-
dard concepts of neurclogic description
as available in any basic text on neurologic
disease and diagnosis.

Preliminaries

This section presents some general con-
cepts useful to understanding the link
between neuroanatomy and neuropathol-
ogy. These include the notion of signs and
symptoms of neurologic disease, and the
specific differences between upper and
lower motor neuron disease. These specific
differences, in fact, are mostly defined in
terms of unique signs and symiptoms. Finally,
a brief review of the Mayo Clinic classifica-
tion system of motor speech disorders is
presented, stressing the presumed, under-
lying neuroanatomic damage associated
with each of the categories in the system.

Signs and Symptoms

There is a technical difference between
a sign and a symptom of a neurclogic dis-
case (or any disease). Signs are observ-
able, by visual examination and in some
cases through more formal testing. Symp-
toms are complaints made by patients
when telling health care professionals
about their problem. Signs and symptoms
taken together typically constitute the basis
for diagnosis of disease. A good example
of a neurologic sign that is relevant to
the current discussion is the patient who
enters an SLP’s office with feet widely
spaced and a slightly staggering gait. As
described below, this is a sign of cerebel-
lar disease. A symptom of cerebellar dis-
ease might be the patient’s complaint of
frequently losing his or her balance with-
out warning.

For the remainder of this chapter the
terms signs and symptoms are used inter-
changeably or jointly, as in, “The signs and
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symptoms of Parkinson disease are tremor,
rigidity, and bradykinesia.” This recognizes
that certain symptoms may technically
become signs when they are observed
(e.g., the observation of a sudden loss of
balance by a patient with cerebellar dis-
ease is technically both a sign and, by the
patient’s report, a symptom).

Classical Signs of
Neurologic Disease

The concept of “classical signs of neuro-
logical disease” is central to an under-
standing of motor speech disorders as
categorized within the Mayo classification
system. Different neurological diseases are
often associated with unique signs and
symptoms, the latter most typically based
on limb characteristics. For example, when
a patient has damage to the fiber tracts
connecting cortical cells with motor neu-
rons in either the brainstem or spinal
cord, the lesion is said to be in the upper
motor neuron (explained in detail imme-
diately below). Patients with this kind of
damage often have a group of limb signs/
symptoms that include an excess of tone,
overactive reflexes, and weakness. These
classical symptoms of upper motor neuron
disease, although based on limb character-
istics, are used in the Mayo classification
system to “explain” the speech character-
istics of spastic dysarthria, the kind of
dysarthria typically seen in persons with
upper motor neuron damage. This is a
case, then, where limb motor characteris-
tics are taken as directly applicable to
speech motor control. As stated earlier,
this is a controversial and unproven
aspect of the discipline of motor speech
disorders. The concept of “classic” signs/
symptoms of neurologic diseases as based

primarily on limb characteristics should
be kept in mind for the remainder of this
chapter.

Upper Versus Lower
Motor Neuron

The terms upper and lower motor neu-
ron are used to describe locations of
structures within the nervous system, as
well as disease types, as in upper motor
neuron disease or lower motor newron
disease. The terms can be explained with
reference to the simple schematic diagram
in Figure 3-2. This drawing shows boxes
with connecting lines, the boxes repre-
senting cell groups and the lines represent-
ing fiber tracts running between the cell
groups. The top two boxes represent
motor cells of the cortex in the right and
left hemispheres; for the sake of simplic-
ity, we assume these cells to be located in
primary motor cortex. The middle two
boxes represent motor nuclei in the brain-
stem, which contain the motor neurons
that innervate muscles of the head and
neck. The two boxes represent the two
sides of the brainstem; all motor nuclei
(and sensory nuclei) in the brainstem are
paired, with one on the left and the other
on the right side. These nuclei, as listed in
Figure 3-1 and described below, include
the motor nucleus of V, the facial motor
nucleus, the nucleus ambiguus, and the
hypoglossal nucleus. Finally, the lower
two boxes represent the motor neurons in
the ventral horn of the spinal cord. These
cells send axons to muscles of the limbs
and respiratory system, as well as other
muscles of the trunk.

The tracts in Figure 3-2 include those
that connect cortical motor cells with
motor neurons in the spinal cord. This is

T—
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Figure 3-2. Box-and-arrows schematic diagram showing simple way to under-
stand the difference between upper and lower motor neuron. Top two'boxes
represent cortical cells in primary motor cortex, middle two boxes _the brainstem
motor neurons, and the bottom two boxes the motor neurons in thg ventral
horn of the spinal cord. CST is the corticospinal tract,_the ’ﬂbers of which cross
from the cortical side in which they begin to the opposite side to make synapses
with the motor neurons in the ventral horn; the crossover point is in the lower
medulla. A lesion in the cortex where the CST begins or anywhere in the tract
before the synapse with the ventral horn motor neurons is an upper motor neuron
lesion: a lesion in the ventral horn motor neurons or of the nerves issuing frqm
them to the muscles they innervate is a lower motor neuron lesion. CBT ipsi is
part of the corticobulbar tract that runs from one side of the cortex to ‘the same
side of the brainstem motor neurons; CBT contra is part gf the cortlco-buibar
tract that runs from one side of the cortex to the opposite side of the bramste:m
motor neurons. A lesion in the cortex or these tracts beforg the synapse with
the brainstem motor neurons is an upper motor neuron lesion; a lesion in the
brainstem motor neurons or the nerves issuing from them to the muscles they

innervate is a lower motor neuron lesion.
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shown in Figure 3-2 by the line labeled
CST, which stands for corticospinal tract;
the line is labeled only on a single side, but
it can be seen that the tract runs on both
sides of the brain. This tract, which
descends from each hemisphere first as
the corona radiata, is then gathered into
a tighter bundle called the internal cap-
sule, which enters and passes through the
brainstem as the cerebral peduncles and
eventually forms the columnlike pyramids
on the ventral surface of the medulla. At
the base of the medulla the great majority
- of fibers from one hemisphere cross over
to the other side and continue running
down this side of the spinal cord, giving
off fibers along the entire length of the
cord to the motor neurons in the ventral
horn of the central gray matter. The
crossover of the corticospinal tracts is
indicated in the schematic drawing by the
small, dotted line oval placed at the bot-
tom of the brainstem level; the crossover
point is called the decussation of the pyr-
amids. This contralateral innervation of
spinal motor neurons explains why a
stroke that damages the left cerebral hemi-
sphere will result in weakness or paralysis
of limb muscles on the right side of the
body, and vice versa.

With an understanding of how the
corticospinal tract connects motor cells in
the cortex with those of the spinal cord,
the difference between upper and lower
motor neuron disease can be explained.
When a lesion occurs above a motor neu-
ron in the spinal cord-—that is, in the cor
tex, or anywhere along the corticospinal
tract prior to a synapse with 4 motor neu-
ron—it is called an upper motor neuron
lesion. Damage within the motor neuron
(in the ventral horn of the spinal cord) or
along the peripheral nerve connecting the
motor neuron with a muscle is cailed a
lower motor neuron lesion. The diseases

produced by such lesions—upper motor
neuron versus lower motor neuron dis-
case—produce different sets of symptoms.

Symptoms of Upper Motor
Neuron Disease

Upper motor neuron disease is likely to
produce any or all of the following signs
in muscles of the limbs: spasticity (a form
of hypertonia), weakness, and hyper-
reflexia. In addition, some patients may
show emotional lability.

Spasticity

Spasticity describes the characteristics of
muscle tone when an examiner asks the
patient to relax and then assesses the
effects of passive displacement of a limb.
For example, if the patient places her arm
in front of her, slightly bent with the hand
roughly at mid-torso level, the examiner
can displace the arm away and toward the
body and evaluate how much resistance it
offers to the passive motion. A limb with
normal tone will offer a small amount of
resistance to passive displacement, but a
limb with spasticity will offer a great deal
of resistance when displaced away from
the body, but not toward the body. The
resistance to displacement may also be

sensitive to the speed of passive displace-

ment, with greater resistance as speed

increases. Spasticity is a form of hyper-

tonicity, or abnormally high muscle tone.

Weakness

Weakness needs little description; patients
with upper motor neuron disease typically
cannot produce strength efforts like those
of neurologically healthy persons of com-
parable age, gender, and general health.

]
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Hyperreflexia

Hyperreflexia implies a heightened sensi-
tivity of certain reflexes. A classic example
of hyperreflexia relevant to orofacial mech-
anisms is the jaw-jerk reflex, elicited by
tapping down on the chin while the
mandible is slightly open and relaxed.
A neurologically healthy individual will
either have no obvious response or a very
small, upward movement of the mandible
in response to the tap. The patient with
upper motor neuron disease may have an
exaggerated jaw-jerk reflex, seen as a large
upward movement of the mandible in
response to the tap. Hyperreflexia of the
jaw-jerk, together with certain other
symptoms (see below) is sometimes used
as one of the diagnostic signs for amy-
otrophic lateral sclerosis (ALS).

Emotional Lability

Emotional lability has been observed in
some patients with upper motor neuroi
disease, especially following strokes that
damage the internal capsule. In severe
cases, patients may laugh and cry for no
apparent reason, and when asked if they
are sad (e.g., when crying) deny the feel-
ings. In less severe cases the emotional
reaction may be tied to a meaningful situ-
ation but may be exaggerated. The reasons
for this symptom of upper motor neuron
disease, seen in perhaps one quarter of
patients who survive stroke and more
often in the earlier phases of recovery, are
not well understood.

Symptoms of Lower Motor
Neuron Disease

Lower motor neuron disease is likely to
produce any or all of the following effects
in the muscles of the limbs: reduced mus-

cle tone (hypotonia), atrophy (wasting),
hyporeflexia, weakness, and fasciculations.

Reduced Muscle Tone, or
Hypotonicity

This is a symptom revealed when an exam-
iner passively displaces a limb, as described
above. In this case, the limb offers an
unusually low amount of resistance to
passive displacement. In extreme cases
a hypotonic limb may appear to offer no
resistance to displacement, giving an
impression of “floppiness.

Atrophy

Atrophy, sometimes referred to as wasting,
is the loss of muscle tissue over time. Atro-
phy is typically not seen in upper motor
neuron disease and so can become a dis-
tinguishing characteristic between upper
and lower motor neuron disease. Atrophy
occurs in lower motor neuron disease be-
cause the damage (o the motor neuron or
peripheral nerve interferes with or elimi-
nates the production and transport of nutri-
ents from the nerve cell to the muscle.

Hyporeflexia

This is the condition wherein reflexes
observed in neurologicaily healthy individ-
uals are either reduced in magnitude or
completely absent.

Weakness
Weakness is a pervasive feature of lower
motor neuron disease.

Fasciculations

Observed on the surface of a muscular
structure at rest, fasciculations are small,
local muscle twitches. These involuntary
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contractions of small bundles of muscle
fibers create an appearance on a struc-
ture’s surface of rising and falling bumps.
Some fasciculations are normal (as in the
common experience of evelid twitches),
but when paired with atrophy and weak-
ness are indicative of lower motor neuron
disease. In the speech mechanism, fascic-
ulations are most often observed on the
tongue surface of patients with lower
motor neuron disease.
The tracts shown in Figure 3-2 also
include the pair that connects cortical
motor cells with motor nuclei in the brain-
stem. This is called the corticobulbar
tract (labeled CBT in Figure 3-2), which
first descends from the cortex within the
covona radiata, is then gathered into a
tighter bundle called the internal cap-
sule, and enters the brainstem as the cere-
bral peduncles, which give off fibers to
motor nuclei. Some of these fibers con-
nect one side of the cortex with the motor
nuclei in the brainstem on the opposite
side; this contralateral connection (CBT-
contra in Figure 3-2) is like that of the cor-
ticospinal tract, described above. Other
fibers connect a side of the cortex with
the brainstem motor nuclei on the same
side; this is referred to as an ipsilateral
connection (CBTipsi in Figure 3-2). There
are many cases in which cells from both
sides of the cortex connect to a motor
nucleus in the brainstem via both an
ipsilateral and contralateral fiber tract. A
motor nucleus in the brainstem that
receives such connections is said to be
bilaterally innervated from the cortex. In
a few cases, a motor nucleus in the brain-
stem, or a subset of the cells within a
motor nucleus, will receive only contra-
lateral connections via the corticobulbar
tract. There are no reports in the literature
of a corticobulbar tract having only ipsilat-

eral connections with a paired motor
nucleus in the brainstem (but see below,
description of Accessory Nucleus and
cranial nerve XD. A reasonable summary
statement is that the motor nuclei in the
brainstem receive either bilateral or con-
tralateral innervation from the cortex, via
the corticobulbar tract.

The definition of upper and lower
motor neuron lesions for the corticobul-
bar tract and its target brainstem nuclei
can be understood in exactly the same way
as described above for the corticospinal
tract. An upper motor neuron lesion will
be in the corticobulbar tract, prior to the
synapse in a motor nucleus of the brain-
stem; a lower motor neuron lesion will
be in the brainstem motor nucleus or
the nerve (cranial nerve) issuing from the
nucleus to the muscle(s). To a first approx-
imation, the signs and symptoms of upper
versus lower motor neuron lesions are as
described above, but with the proviso that
the evaluation of certain aspects of muscle
or structural function in the speech mech-
anism may be more difficult or compli-
cated than in the limbs.

For example, determination of spas-
ticity requires passive displacement of a
structure, an easy task with the limbs but
somewhat more challenging even with the
more accessible structures of the speech
mechanism such as the jaw. Passive dis-
placement of the tongue, vocal folds, and
soft palate, at least for the clinical evalua-
tion of spasticity, is clearly not realistic.
This is more than an intellectual exercise
in the limits of neurologic evaluation

because spasticity is often invoked as an
explanation of, for example, the strain-
strangled voice quality and slow speaking
rate of persons with bilateral upper motor
neuron lesions—those patients often diag-
nosed with spastic dysarthria. Very often,
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the speech-language pathologist will infer
a particular neurologic sign from the
speech symptoms and knowledge of lesion
focation. Once again, the student should
note the correspondence of this aspect of
diagnosis to the conceptual foundations
of the Mayo Clinic classification system.
Finally, weakness is a feature of both
upper and lower motor neuron disease.
The degree of weakness will vary accord-
ing to the severity of the disease and may
not be uniform across the different struc-
rures of the speech mechanism. As de-
scribed below, clinical tests of strength of
speech mechanism structures are largely
confined to the lips, jaw, and tongue. Many
of these tests are evaluated subjectively, as
when the patient is asked to push his or
her tongue against the inside of the cheek
with maximal effort while the examiner
offers resistance by pressing against the
tongue, on the outside of the cheek. Some
strength tests can be implemented with
instruments that measure either maximal
force or pressure applied by a speech
mechanism structure. Whether the tests
are subjective or objective, there are two
specific cautions about their use in under-
standing a speech production deficit in a
suspected or known motor speech disor-
der. First, the clinician must be aware that
normal speech production requires far
less muscular strength than the maximal
capabilities of speech mechanism struc-
tures. According to several theoretical and
experimental estimates, speech requires
somewhere between 5 to 20% of the max-
imal strength capabilities of structures
such as the jaw, lips, and tongue (see Bun-
ton & Weismer, 1994). The interpretation
of weakness with respect to speech pro-
duction skills, therefore, must currently be
regarded as indeterminate, especially in
cases where the weakness is detectable

but not profound. Second, the types of
orofacial muscular contractions typically
used to assess weakness are quite differ-
ent from the muscular contractions used
in speech. Pressing the tongue into the
cheek or compressing the lips or closing
the jaw with maximal effort are not like
the gestures used to create speech. This
further complicates the use of this infor-
mation for understanding the speech pro-
duction deficit in motor speech disorders.

Mayo Clinic Classification of
Motor Speech Disorders

The history and many other aspects of the
Mayo classification system were covered
in Chapter 2. Students are encouraged to
read the original research papers that form
the experimental basis of the Mayo classifi-
cation system (Darley, Aronson, & Brown,
1969a, 1969b). The summary here is
meant as a general framework for the stu-
dent to return to and reflect on as the
remainder of the chapter is read. The sum-
mary includes some more recent additions
and modifications of the original Mayo
Clinic classification system.

Flaccid Dy.farthria

Associated with lower motor neuron dam-
age, the lesions may be in the motor
neurons of the brainstem or spinal cord,
in the peripheral nerves leading from
those motor neurons to the muscles of the
head and neck and respiratory system,
or at the neuromuscular junction where
the peripheral nerve makes contact with
the muscle. Breathiness, hypernasality, and
imprecise consonants are among the fre-
quent voice and speech problems noted
with this form of dysarthria.
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Spastic Dysarthria of hyperkinetic dysarthria may vary accord-

Associated with bilateral upper motor
neuron damage, the lesions may be any-
where within the corticobulbar or corti-
cospinal tracts, provided they are above
the motor neurons. Strained-strangled
(stenotic) voice, slow speaking rate, and
imprecise consonants are among the “sig-
nature” speech and voice abnormalities
in this dysarthria.

Ataxic Dysarthria

Associated with damage to the cerebellum
or the fiber tracts connecting it to other
parts of the brain (in this case, the spinal
cord, brainstem, and cerebral hemispheres),
ataxic dysarthria is often characterized by
harsh voice, prosodic abnormalities includ-
ing equal and excess stress on multisyl-
labic words which may contribute to a
perceptual impression of scanning speech,
and an overall impression of slurred,
drunk-sounding speech.

Hypokinetic Dysarthria

Hypokinetic dysarthria is most often asso-
ciated with Parkinson’s disease, in which the
neurotransmitter dopamine is depleted in
the basal nuclei as a result of cell death in
the substantia nigra; hypokinetic dysarth-
ria may also occur in diseases that pro-
duce Parkinsonism. Weak voice, possible
faster-than-normal speaking rate of an
episodic nature (termed “short rushes of
speech”), and imprecise consonants are
typical speech characteristics of hypoki-
netic dysarthria.

Hyperkinetic Dysarthria

Associated with damage to one of several
structures of the basal nuclei, the nature

ing to which basal nuclei structure sustains
the lesion. For this reason, it is difficult to
list a central group of speech characteris-
tics associated with hyperkinetic dysarthria
because they will depend, to some degree,
on the nature of the disease process.

Mixed Dysarthria

“Mixed” is a designation for dysarthrias
that result from damage to two or more of
the areas described above. For example,
both upper and lower motor neuron
lesions are typical of ALS in fully devel-
oped form. The dysarthria in these cases is
referred to as a mixed flaccid-spastic type.
Another example is multiple sclerosis
(MS) in which lesions are typically found
in the cerebellum and upper motor neu-
ron. When a dysarthria exists in these
cases, it is said to be a mixed spastic-ataxic
type. In theory, any of the Mayo categories
could be heard as coexisting in the same
patient, hence a variety of combination
(mixed) dysarthrias can occur.

Unilateral, Upper Motor
Newuron Dysarthria

This is a recently documented form of
dysarthria involving damage on a single
side of the brain, presumably in the corti-
cobulbar tract. At one time it was thought
that dysarthria associated with upper
motor neuron disease had to involve bilat-
eral lesions. Stated otherwise, unilateral
lesions of the corticobulbar tract were not
expected to produce dysarthria because
of the extensive bilateral innervation of
speech mechanism musculature. Based on
reviews of a fair number of cases, how-
ever, it now seems clear that unilateral
upper motor neuron damage can produce
dysarthria, albeit of a mild and often tem-

—
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porary kind. Interestingly, as described by
puffy (2005), when this dysarthria is diag-
nosed, it does not necessarily sound like
spastic dysarthria.

Apraxia of Speech

Not regarded as a dysarthria because the
disorder is supposed to exist in the ab-
sence of muscular weakness or paralysis,
apraxia of speech is often thought to be a
result of cortical lesions, but the precise
iocation is highly controversial; in some
instances apraxia of speech has been
claimed to occur with subcortical lesions.
The speech characteristics include diffi-
culty initiating speech which may be evi-
dent by the patient groping for the correct
articulatory posture, slow, effortful articu-
latory behavior, and exaggerated articula-
rory difficulty with phonetically complex
material. These problems are thought to
be a reflection of programming difficul-
ties, wherein the patient cannot plan the
articulatory sequence efficiently or cor-
rectly even though the execution part
of speech production—control over the
muscles—appears to be normal.

The major speech characteristics of
different types of motor speech disorders
are offered as typical characteristics, but
these are by no means definitive. Within a
given dysarthria type there will be sub-
stantial variation in the specific speech
characteristics regarded as abnormal, but
the fype may still be recognizable. This is
an important distinction for the aspiring
and working clinician: it may be possible
to group patients as having the same type
of dysarthria even when their specific
speech characteristics are not the same.
This point is made in Chapter 2, that the
identification of type of dysarthria is a
complex, pattern recognition task that is
not very well understood. Moreover, iden-

tification of type of motor speech disorder
is not necessarily reliable, even among
trained clinicians.

The Model: A Closer Look

Section 4: Spinal
Mechanisms

Muscles of respiration are controlled by
motor neurons spanning almost the entire
length of the spinal cord; these motor
neurons are located in the ventral horn
of the central gray matter. As shown in
Figure 3-3, motor nerves exit the ventral
horn and travel as part of the peripheral
nervous system to the muscles they inner-
vate. In general, the level of motor neu-
rons within the spinal cord correspond to
the level within the torso of the muscle
they innervate. For example, many of the
accessory muscles of inspiration—those
having origins outside the rib cage but
insertions on the higher ribs, such as the
scalenus group, the sternocleidomastoids,
and the pectoralis major and minor mus-
cles—have motor neurons in the cervical
(C1-C8) part of the spinal cord. Similarly,
the intercostal “muscles (external and
internal) are innervated from the thoracic
parts of the spinal cord (T1-T11), at
roughly the same level along the long axis
of the torso as the ribs. Muscles of the
abdominal wall are mostly innervated
from low thoracic and high lumbar por-
tions of the spinal cord (roughly T7-12).
The one remarkable, clinically relevant
exception to this is the motor neuron
pool that innervates the diaphragm, the
massive muscle of inspiration that sepa-
rates the thorax from the abdomen. The
highest point of the domed diaphragm
is roughly at the level of the 6th thoracic
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Figure 3-3. Drawing of a transverse slice of the spinal cord from a thoracic
level, showing white matter (fiber tracts) and central gray matter (cell bodies),
the ventral horn of which contains the motor neurons for respiratory muscles.
The right side of the figure provides a sketch of the range of spinal segments that
innervate respiratory muscles, most notably the innervation of the diaphragm

from cervical segments of the cord. See text for additional detail

vertebra (16), but its motor neurons are
located in the cervical region of the spinal
cord, between C3 to C5. Thus, a transec-
tion of the spinal cord below €5 will par-
alyze all the “main” thoracic and abdomi-
nal muscles, but will leave the diaphragm
intact. Because the diaphragm is a power-
ful muscle of inspiration, a patient with a
spinal transection below C5 will be able
to breathe for life without assistance, and
will also be able to inflate the lungs for
speech production, albeit of a type where
voice loudness cannot be maintained
throughout an utterance. A spinal transec-
tion between C3 and C5 will result in
some paresis (weakness) of the diaphragm
and such a patient may need some assis-

tance in breathing for life. Obviously, a
transection higher than C3 will paralyze
the diaphragm and a ventilator will be
required to sustain life.

Spinal cord damage involving motor
neurons at any level of the spinal cord will
result in paresis or paralysis of the affected
muscles. Over time, the muscle tissue inner-
vated by the damaged or destroyed motor
neurons may atrophy as well. Weakness
or paralysis of major inspiratory and expi-
ratory muscles may affect speech breath-
ing. When it does, the patient will have
a flaccid dysarthria. The specific effects
on speech production of the kind of flac-
cid dysarthria associated with damage
restricted to the spinal cord may include
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problems with voice loudness and phras-
ing, and may create difficulty in the pro-
duction of certain kinds of stress contrast
that depend on rapid changes in lung pres-
sure. An excellent presentation of speech

reathing problems in cases of spinal cord
injury is available in Hixon and Hoit
(2005). What follows here is a brief sum-
mary of speech breathing manifestations
of dysarthria.

Voice Loudness

When a patient has thoracic and abdomi-
nal muscie weakness and/or paralysis as a
result of damage to spinal motor neurons,
voice loudness will generally be insuffi-
cient. This is because the loss of nwuscular
ability undermines the patient’s ability to
make and sustain throughout an utter-
ance the muscular contribution required
for normal voice intensity. The physiology
of normal voice loudness for speech is
described in Chapter 4.

Phrasing

Weakness or paralysis of respiratory mus-
cles may result in a reduced number of
syllables per utterance. Speech breathing
is characterized by quick inspirations to
prepare the respiratory system for an utter-
ance, The utterance is produced on expi-
ratory airflow and therefore a decreasing
volume of air within the lungs, until the
next preparatory inspiration is made.
“Phrasing” is a term applied to speech
breathing that can have several meanings,
one of which is the number of syllables
produced during an utterance, that is, dur-
ing one of the expiratory events whose
beginning and ending boundaries are the
inspiratory “refills” just described. A re-
duced number of syilables per utterance

may be a result of respiratory muscle weak-
ness because the loss of muscular control
makes it difficult to control the pressure
developed in the lungs, resulting in utter-
ances that are terminated after an unusu-
ally brief duration. The patient’s ability to
produce only a few syllables per utterance
may also result in the termination of utter-
ances at unusual locations—such as within,
rather than at the end of a grammatic
phrase—that adds to the communication
difficulty experienced by both listener
and speaker.

Stress Contrasts

Muttisvllabic words in English typically have
one syllable that is more prominent than
the other(s). The prominence of one sylla-
ble relative to another is heard by listeners
as a stress contrast. Syllable prominence
or stress within a word is related to com-
plex speech production events, including
changes in fundamental frequency (F),
vowel duration, vowel quality, and voice
loudness. Similarly, speakers often choose
to make a word within an utterance more
prominent than the other words, to em-
phasize a point or indicate a contrast with
something already spoken or assumed as
part of the conversation. This is called sen-
tence stress or prominence, and it is
implemented by roughly the same pro-
duction mechanisms as word stress. The
increased loudness associated with promi-
nent/stressed syllables is accomplished by
small but rapid increments in lung pres-
sure relative to the overall lung pressure
used to produce an utterance. These pres-
sure increments require rapid and precise
contraction of expiratory muscles, which
may be compromised in cases of respira-
tory muscle weakness or paralysis resulting
from spinal motor neuron damage.
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Section 3: Brainstem
Mechanisms

Section 3 of the model! includes the brain-
stem nuclei containing the motor neurons
and sensory cells associated with muscles
of the larynx, pharynx, tongue, velum,
jaw, lips, and other facial muscles. These
nuclei are located in the pons and medulla
and contribute to five cranial nerves that
have a motor component. Figure 3-4
shows a schematic diagram of the brain-
stem, in coronal view. The positions of the
paired nuclei are shown, as are the fiber
tracts running within the brainstem
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(shown as dotted-lines) before they exit
as cranial nerves. The rough location of
the cranial nerve exits from the brainstem
are labeled. Also shown is the accessory
nucleus, which is located in the upper cer-
vical spinal cord and is the origin of cranial
nerve XI. As in the spinal cord, damage to
these nuclei or the nerves issuing from
them will generally result in paresis or paral-
ysis, and atrophy, of the relevant muscle
tissue. Sensory nuclei within the brainstem
receive information about touch, proprio-
ception (position of a structure in space),
pain, temperature, and of course taste. Here
the nuclei are described briefly, followed
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Figu:je 3-4. Schematic diagram of the location of brainstem and spinal motor
nuclei for head and neck musculature, as well as the cranial nerves associated

with those nuclei. The view is coronal.
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by a brief description and discussion of
the cranial nerves typically tested in the
speech mechanism examination.

Motor Nucleus of V

The motor nucleus of V is paired (like all
the nuclei to be discussed), with one
nucleus on each side of the brainstem
midline. As depicted in Figure 3-4, the
nucleus is an oval-shaped, compact group
of cells located approximately midway
between the superior and inferior borders
of the pons. The input to the motor
nucleus of V—the information delivered
to it from cortical levels via the corticob-
uibar tract——is bilateral, meaning that both
cerebral hemispheres send fibers to the
nucleus on its same and opposite side.
Axons from the motor nucleus travel later-
alty and ventrally (forward) and exit the
brainstem approximately at mid-pons level
as part of cranial nerve V (trigeminal). Soon
after it exits the pons the trigeminal nerve
separates into three major divisions—
ophthalmic, maxillary, and mandibular—
but motor fibers are found only in the
mandibular division. The motor fibers
innervate the muscles that close and open
the mandible, the mylohyoid muscie (floor
of the mouth), the tensor veli palatini
(a muscle of the velopharynx important
for opening the auditory tube), and the
tensor tympani (a muscle of the middle
ear whose action can damp vibration of
the ossicular chain).

Jaw motions during speech have been
studied more than other structures of
the speech mechanism. This is probably
because the jaw is easily accessible for
monitoring of motions (unlike, say, the
tongue and velum) that are faiddy simple
for speech (unlike, say, the motions of the
tongue). It is widely assumed, and proba-
bly for good reason, that unilateral, upper

motor neuron damage will not have much
or any effect on jaw motions because the
motor nuclei of V are innervated bilater-
ally. It is not known how unilateral, lower
motor neuron damage might affect jaw
motions for speech.

Evaluation of Motor Integrity of
Motor Nucleus of V. Evaluation of the
integrity of the motor nucleus of V can be
performed using the masseter bulge test.
The patient is asked to relax with her
mouth closed, and the tester places the
index and middie fingers of both hands
roughly at the ear lobes of a patient and
slowly moves them forward along the side
of the face, toward the mouth. As the fin-
gers are moving forward the examiner
will reach a point where her fingers move
inward, as if a ridge has been reached
where the fingers “drop off” toward the
midline of the mouth. This ridge is the
anterior edge of the masseter muscle, one
of the important jaw closers for both mas-
tication and speech. If the fingers are
positioned against this ridge and a patient
is asked to bite {(clench), the masseter
muscles will bulge as they shorten, push-
ing the fingers toward the examiner It is
quite easy to feel this movement in a
healthy masseter muscle.

A unilateral, lower motor neuron lesion
will result in an asymmetric masseter
bulge when the teeth are clenched, with
a weak or absent bulge on the affected
side and a normal bulge on the healthy
side. If both sides have a weak or absent
bulge, there is some ambiguity in interpre-
tation because either bilateral lower motor
neuron or bilateral upper motor neuron
damage could produce this result. One
way to resolve the ambiguity of lesion
focation is to test the jaw-jerk reflex, men-
tioned above. The normal response is very
subtle, and perhaps absent to the naked
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eye, but in cases of upper motor neuron
lesions a strong, upward movement of the
mandible will follow the downward tap.
This is consistent with the general symp-
tom of hyperexcitable reflexes in upper
motor neuron disease. The combination of
a hyperexcitable jaw-jerk reflex with obser-
vation of fasciculations of the tongue can
be diagnostic of ALS, which often has both
upper and lower motor neuron damage.

The presence of a unilateral, lower
motor neuron lesion can also be evaluated
by asking the patient to slowly open her
mandible while the clinician offers some
resistance to the motion. During the open-
ing motion the jaw will deviate toward the
affected side if there is a unilateral lesion
of the motor nucleus of V.

Facial Motor Nucleus

The facial motor nucleus is located in the
lower pons, slightly more medial than
the more superior motor nucleus of V (see
Figure 3-4). The nucleus sits approximately
halfway between the fourth ventricle (at
the posterior border of the pons) and the
ventral surface of the pons. Axons emerg-
ing from the facial motor nucleus run
within the brainstem posteriorly toward
the floor of the fourth ventricle (shown
for the sake of illustration as an upward
course in the schematic of Figure 3-4),
loop around the abducens nucleus (asso-
ciated with cranial nerve VI which sup-
plies motor innervation to muscles of the
eye), and then course ventrolaterally to
emerge at the junction of the pons and
medulla as cranial nerve VII. Cranial nerve
VII innervates all muscles of facial expres-
sion as well as several other muscles
(including the stapedius muscle in the
middie ear, the contraction of which is the
end product of the acoustic reflex).

The facial motor nucleus receives a
fairly complex input from cortical and
subcortical parts of the brain. The motor
neurons that control muscle fibers from
approximately mid-face and up receive
bilateral innervation from cortical cells,
but motor neurons serving the lower
facial muscles receive only contralateral
innervation from the cortex. As explained
more fully below, this innervation pattern
means that a unilateral cortical lesion in
the face area is likely to have little effect
on upper facial muscles (such as those of
the forehead), but will result in weakness
and possibly paralysis of the lips and other
central/lower facial muscles on the side of
the face opposite to the lesion location.
The facial motor nucleus also receives
complex innervation from parts of the
limbic system, which plays a major role in
emotional expression. The separation of
input to the facial motor nucleus from cor-
tex and limbic system most certainly
explains the clinical observation in certain
stroke patients whose capacity for facial
expressions elicited in emotional situa-
tions is at odds with their relative inability
to produce volitional manipulation of
facial muscles.

The integrity of cranial nerve VII is
important in speech production because
of the role it plays in control of lip
motions and the resulting configurations
of the labial orifice. Lip motions are not
only important for English consonants
such as bilabial stops and labiodental
fricatives, but the shaping of the lip ori-
fice—what is often called the rounding-
spreading dimension, but is better under-
stood as the area and length of the space
between the lips—is crucial to vowel
production. This is especially the case in
languages where there are vowel contrasts
critically dependent on the shape of the
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lip orifice, such as the /i/-/y/contrast in
Swedish (/y/ is very much like an /i/ pro-
duced with rounded lips). Here the
tongue configuration for the two vowels is
essentially identical and the goodness of
the articulatory contrast depends on the
ability to create a difference in the area of
the labial orifice (English does not have
these kinds of vowel contrast). To date,
there are no studies of labial configuration
characteristics for speech in persons with
upper or lower motor neuron damage
affecting facial muscle control.

Evaluation of Motor Integrity of
Facial Motor Nucleus and Cortical
Facial Area. There are simple rules for
evaluating the integrity of the motor path-
ways associated with facial muscle con-
trol. A unilateral, lower motor neuron
lesion will cause all ipsilateral muscles of
the face to be weak or paralyzed. A lesion
in the facial motor nucleus or on cranial
nerve VII near its exit from the brainstem
will therefore affect all facial muscles
from forehead to chin. This will be appar-
ent by viewing the patient’s face at rest,
where the smoothing of the furrows of
the forehead and of the nasolabial fold on
the affected side, as well as drooping of
the corner of the mouth on the same side,
will indicate loss of facial muscle control.
This scenario can be contrasted with the
case of a unilateral, upper motor neuron
lesion, where the primary deficit will only
be seen in the central/lower face on the
side opposite the lesion. Thus, even
though the forehead on the side contra-
lateral to the lesion will be normally
furrowed, the nasolabial fold will be
smoothed and the corner of the mouth
will droop. The apparently normal fore-
head appearance coupled with a weak or
paralyzed lower face is indicative of an

upper motor neuron lesion of the side
opposite the facial evidence.

There are additional tests for the
integrity of facial motor pathways. It is
often said, for example, that individuals
with unilateral, upper motor neuron
lesions will show some asynchrony of the
two corners of the mouth when asked to
smile voluntarily (with the affected side,
opposite the lesion, lagging the lateral
movement of the healthy side). These same
patients, however, may show symmetric
movements when smiling spontaneously.
In contrast, patients with unilateral, lower
motor neuron damage will present with
a deficit on the affected side that will be
the same in voluntary and spontaneous
smiles. Also, facial muscle weakness can
be demonstrated by asking the patient to
lift her eyebrows, where marked asymme-
try of the gesture indicates weakness on
the side with the lower eyebrow; or to
have the examiner attempt to open the
patient’s eyes when the latter forcefully
closes them—intact musculature for clos-
ing the eyes should prevent the examiner
from lifting the eyelid and exposing the
eye. Because these are tests of upper-face
control, weakness confined to one side
would only be expected with an ipsilat-
eral, Jower motor neuron lesion. Weakness
on both sides of the upper face could indi-
cate cither a bilateral lower or upper
motor neuron lesion.

A test of central/lower facial control is
to ask the patient to forcefully close the
lips while the examiner attempts to open
them. Any weakness of the relevant mus-
cles should allow the examiner to separate
the lips, but a healthy facial motor path-
way should allow the patient to maintain
lip closure against this effort. A unilateral,
upper motor lesion would affect the con-
trol of lip muscles on the side opposite
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the lesion and could reduce the patient’s
ability to maintain lip closure for this test:
the same situation would apply to a unilat-
eral lower motor neuron lesion. Bilateral
lesions, either of the lower or upper
motor neuron, should clearly weaken the
muscles of the central/lower face and pre-
vent the patient from resisting the exam-
iner’s attempt to separate the lips.

Nucleus Ambiguus

The nucleus ambiguus is a column of cells
running almost the entire length of the
medulla (see Figure 3-4). This column of
cells is located about midway between the
ventral and dorsal surfaces of the brain-
stem, and somewhat lateral to the midline.
Motor neurons in the nucleus ambiguus
innervate the constrictor muscles of the
pharynx, muscles of the velopharynx (such
as the levator veli palatini), intrinsic mus-
cles of the larynx, and a single muscle
of the tongue (the palatoglossus, or ante-
rior faucial arch). These motor neurons
receive bilateral input from the cortical
areas in which the muscles are repre-
sented. Motor axons exit the nucleus ambig-
uus and run more or less laterally and
somewhat ventrally within the brainstem
until they emerge as a series of rootlets
from the lateral aspect of the medulla as
parts of cranial nerves IX (glossopharyn-
geal) and X (vagus). Fibers in cranial nerve
IX innervate only one muscle, the stylo-
pharyngeus; the remaining muscles are
innervated by cranial nerve X,

Evaluation of the Motor Integrity
of the Nucleus Ambiguus and Cra-
nial Nerves IX and X. The motor func-
tion of cranial nerves IX and X cannot be
evaluated separately because there is no
unique test for the stylopharyngeus mus-
cle. Thus, evaluation of the motor func-

tion of the two nerves and their common
brainstem nucleus is combined. Tests of the
integrity of the relevant muscle groups,
and by inference cranial nerves IX and X
and the nucleus ambiguus, typically focus
on the velopharynx and larynx. The weak-
ness or paralysis associated with a unilat-
eral lesion in the nucleus or cranial nerve
X would likely produce a breathy voice
quality and some hypernasality, depending
on the extent of the damage. A suspected,
unilateral lower motor neuron lesion
involving the nucleus ambiguus/cranial
nerve X can also be evaluated by asking
the patient to open her mouth and breathe
quietly so the position of the relaxed soft
palate can be observed. At rest the velum
should have a symmetric appearance.
When the patient is asked to phonate
a vowel, the observable movement of the
soft palate and posterior wall of the phar-
ynx—raising of the soft palate and tens-
ing of the pharyngeal muscles—should be
symmetrical if there is no damage to the
nucleus or nerve. In the case of a unilat-
eral, lower motor neuron lesion, when
the patient phonates the soft palate will
raise asymmetrically, with higher eleva-
tion on the healthy side and the uvula
pulled off the midline in the same direc-
tion (the same patient may show a similar,
but more subtle asymmetry with the
velum at rest). Normally the primary mus-
cles of velopharyngeal closure, the levator
veli palatini and the superior pharyngeal
constrictor, apply equal force on the two
sides of the velopharynx and therefore
produce symmetric movements around
the orifice. A unilateral, lower motor neu-
ron lesion will produce weakness or
paralysis of the muscles on the same side,
allowing the healthy muscles on the
opposite side to “overpower” the affected
muscles and pull the structures in the
unaffected direction.
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The interpretation of a breathy voice
quality as a sign of a unilateral, lower motor
neuron lesion is more complicated, as are
some of the other laryngeal tests for the
motor integrity of cranial nerves X and
the nucleus ambiguus. Vocal fold vibration
is produced by a combination of aerody-
pamic, mechanical, and muscular forces,
the latter being required for overall set-
tings of the larynx but not strictly for the
vibration, even if they are desirable for
“good” phonation and the full range of
phonatory ability (see Chapter 5). In otht?r
words, the vocal folds can vibrate in
response to acrodynamic and mechanical
forces even when the laryngeal muscles
are weak or paralyzed, and especially
when the muscles on only one side are
affected by a unilateral, lower motor neu-
ron lesion. Moreover, the range of “nor-
mal” voice qualities is enormous, with
some people having breathy qualities in
the absence of any known neural pathol-
ogy. Breathy voice quality as a sign of
lower motor neuron disease is probably

most reasonable when co-occurring $igns
(such as hypernasality) are present.

A more direct evaluation of laryngeal
muscular integrity is to have the patient
cough forcefully or produce a series of
staccatolike /i/ sounds, the latter some-
times called laryngeal diadochokinesis.
Both tasks require forceful adductory
efforts, produced by some combination of
the lateral cricoarytenoid, interarytenoid,
and vocalis muscles. An inability to pro-
duce a sharp cough and “hard” onsets of
successive /if sounds could indicate a
iower motor neuron lesion aithough there
is no way to identify which side the lesion
is on (including the possibility of bilateral
lesions) unless the vocal folds are imaged
with indirect or direct laryngoscopy stud-
ies (e.g., stroboscopy, high-speed digital
imaging).

Unilateral, upper motor neuron lesions
in cell bodies or fiber tracts associated with
velopharyngeal and laryngeal musculature
will likely produce little effect on resonance
or phonation because of the bilateral inner-
vation of the lower motor neurons, de-
scribed above. As reviewed by Duffy (2003),
however, a unilateral upper motor neuron
lesion can result in phonatory and res-
onatory effects despite the bilateral inner-
vation. The interested reader is encouraged
to read the careful coverage of unilateral,
upper motor neuron dysarthria in Duffy
(2005) and Chapter 2 of the present text.

Accessory Nucleus

The accessory nucleus is a column of celis
in the ventral horn of the upper five or
six cervical segments of the spinal cord.
These cells give the appearance of a spinal
continuation of the nucleus ambiguus (see
Figure 3-4), the two nuclei being more or
less in line with each other The accessory
nucleus supplies innervation to the stern-
ocleidomastoid and the trapezius muscles.
Cortical input to the accessory nucleus is
ipsilateral for the motor neurons supply-
ing the sternocleidomastoid muscle, and
contralateral for the trapezius muscle.
The accessory nucleus is included
here because it is the origin of cranial
nerve X1, the accessory nerve. Fibers from
the motor neurons of the accessory
nucleus exit the spinal cord and ascend
along its surface until reaching the level of
the medulla where the most caudal fibers
of cranial X exit the brainstem (see the
dotted-line from the accessory nucleus).
There the accessory fibers join with vagus
fibers and together (also with cranial
nerve IX) they exit the skull and then sep-
arate to their respective muscle targets.
The main functions of the two muscles
innervated by the accessory nucleus and
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cranial nerve XI are to rotate the head to
the side opposite the contracting muscle
(sternocleidomastoid) and to elevate the
shoulder on the same side of the contract-
ing muscle (trapezius). These muscles are
potentially of interest to evaluation of the
speech mechanism because both have
points of attachment on the clavicle,
upper ribs, and sternum and so can func-
tion as secondary (accessory) muscles of
inspiration. Such muscles do not typically
come into use in normal respiration or
speech breathing, but may be recruited
for deep inspiration during exercise or in
cases of spinal cord injury that weaken
diaphragmatic mechanisms of inspiration.
The standard neurologic tests for the
integrity of these muscles are described
in many textbooks (see Wilson-Pauwels,
Akesson, Stewart, & Spacey, 2002).

Hypoglossal Nucleus

The hypoglossal nucleus is a column of
cells running on either side of the midline
of the medulla (Figure 3-4). The nucleus
is in the posterior part of the medulla with
its rostral end in the floor of the fourth
ventricle. The motor neurons of the
hypoglossal nucleus innervate all intrinsic
muscles of the tongue and three extrinsic
muscles of the tongue (genioglossus,
styloglossus, hyoglossus; recall that palato-
glossus is innervated from the nucleus
ambiguus via cranial nerve X). Axons
from the hypoglossal nucleus first run for-
ward (ventrally) in the medulla; midway
between the dorsal and ventral surfaces
the fibers bend obliquely to exit the brain-
stem in a series of rootlets as cranial nerve
XII (hypoglossal nerve). The cortical input
to the hypoglossal nucleus is primarily
bilateral, with the exception of the genio-
glossus muscle which is innervated con-
tralaterally (left side of cortex innervates

hypoglossal motor neurons on the right
side of the medulla, right side of cortex
innervates hypoglossal motor neurons on
the left side of the medulla).

Evaluation of the Integrity of the
Hypoglossal Nucleus and Cranial
Nerve XII. The distinction between
intrinsic and extrinsic tongue muscles is a
long-debated aspect of speech motor con-
trol. Some scientists believe the intrinsic
muscles play more of a role in shaping the
tongue (as in the case of grooving for lin-
gual fricatives) and the extrinsic muscles
in positioning the tongue within the vocal
tract (as in the position difference between
front and back vowels). There is probably
more cooperation than strict difference
between the two sets of muscles in creat-
ing tongue shapes and positions, and this
may be reflected in the fact that there are
no neurologic evaluations permitting iso-
lated evaluation of intrinsic and extrinsic
tongue muscles. Like evaluations of the
motor integrity of other cranial nerves, the
focus for the tongue is on differentiating
upper from lower motor neuron lesions.
If a healthy patient is asked to pro-
trude her tongue it will emerge from the
mouth along the midline, without remark-
able deviation to either the right or left
side. The genioglossus muscle—the paired
muscle that inserts along the entire length
of the tongue, and is often said to com-
pose its bulk—produces the protrusion
motion by applying equal force on its two
sides. If one side of the genioglossus mus-
cle is weak because of an upper or lower
motor neuron lesion the protruding tongue
will deviate markedly to the weak side,
pushed that way by the healthy, stronger
muscle. Upon seeing such a deviation, the
examiner can be reasonably certain there
is a neurologic problem but cannot, in the
absence of other evidence, pinpoint the
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iocation of the lesion. This is because uni-
1ateral weakness of the genioglossus could
result from two different lesion locations:
{1y an ipsilateral, lower motor ncuron
iesion that affects the hypoglossal nucleus
and/or cranial nerve XI11, or (2) a contralat-
eral, upper motor neuron lesion affecting
the cortical tongue cells or the corticobul-
har fibers that run from the cortical tongue
area of one hemisphere and cross in the
prainstem before terminating in the hypo-
glossal nucleus on the other side.

For example, a unilateral, Jower motor
neuron lesion of the left hypoglossal
nucleus and a unilateral, upper motor new-
ron lesion of the cortical tongue area in
the right cerebral hemisphere will both
result in weakness of the left genioglossus.
Both lesion locations, therefore, produce
the same sign, a deviation of the pro-
truded tongue to the weak (left) side. What,
then, distinguishes a unilateral upper from
lower motor neuron lesion of motor neu-
rons and fibers serving the tongue? SLPs
and neurologists typically rely on the
appearance of the tongue at rest, inside
the mouth, where fasciculations and atro-
phy of one side of the tongue will indicate
an ipsilateral lower motor neuron lesion.
As described above, upper motor neuron
lesions are not typically associated with
either of these symptoms. Therefore, a
protruded tongue that deviates to the left
and shows no atrophy or fasciculations is
suggestive of a cortical or cortibulbar tract
lesion (upper motor neuron), on the side
opposite the deviation.

L ower Motor Neuron Disease
and Speech Production

As reviewed above, flaccid dysarthria is
typically associated with lower motor pew-
ron disease. Presumably, the weakness
and/or paralysis following damage to

motor neurons or the peripheral nerves
to muscles results in the symptoms of flac-
cid dysarthria: breathiness because weak
adductory forces makes the closing phase
of vocal fold vibration relatively less effec-
tive; hypernasality as a result of the weak
musculature (levator veli palatini, superior
constrictor, musculus uvuld) typically
involved in closure of the velopharyngeal
orifice; and imprecise consonants as a
result of weakness of the lingual muscles.
Flaccid dysarthria associated with either
isolated brainstem damage or specific
fesions of peripheral nerves has not been
studied as much as some of the other types
of dysarthria, so the precise speech pro-
duction characteristics are not well under-
stood. Moreover, lesions whose effects are
restricted to specific parts of the speech
mechanism are unusual because the motor
nuclei of the brainstem are contained
within a very small volume of tissue. Thus,
structural damage or deterioration within
the brainstem is unlikely to involve a sin-
gle motor nucleus. One interesting feature
of flaccid dysarthria to emerge from the
Mayo studies was the absence of speaking
rate abnormalities among this group of
patients. Certainly some patients with
damage to brainstem structures or periph-
eral nerves will produce abnormally slow
speaking rates, but available data do not
implicate rate as a major feature of flaccid
dysarthria. This would suggest that the
slow speaking rates characteristic of some
of the other types of dysarthria and in
some cases of apraxia of speech cannot be
attributed to weakness of speech mecha-
nism structures.

Upper Motor Neuron Disease
and Speech Production

Spastic dysarthria has traditionally been
associated with bilateral, upper motor
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neuron lesions. The hypertonicity—specif-
ically the spasticity—of upper motor neu-
ron disease has been thought to contribute
to the strain-strangled voice quality (too
much adductory force) and perhaps the
slow speaking rate observed so often in
spastic dysarthria. The role, if any, of hyper-
excitable reflexes in the specific speech
characteristics of spastic dysarthria is
unknown.

Auditory Nuclei

A series of nuclei from the medulla to the
thalamus serve as processing and relay
points for the delivery of auditory infor-
mation to the primary auditory cortex,
located in the superior and lateral parts of
the superior gyrus of the temporal lobe.

MIDBRAIN

PONS

MEDULLA

/

7~ Cranial nerve VIli (Auditory part)

Information is delivered to the first of the
brainstem nuclei, the cochlear nucleus in
the medulla (see Figure 3-5), from the
auditory part of cranial nerve VIII. The
auditory nerve codes in neural form the fre-
quency and intensity analysis performed
by the cochlea. As the coded information
travels up the auditory pathway to the cor-
tex a variety of analyses produce the per-
ceptual experiences we know as pitch,
loudness, sound localization, sound qual-
ity, and sound sequence (that is, the rela-
tive simultaneity or sequential nature of
muiltiple auditory stimuli). The relation-
ship between the physical attributes of a
signal, such as frequency, intensity, and
phase relations, and the just mentioned
perceptual characteristics is fairly well
understood thanks to the long-established
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Figure 3-5. Schematic diagram of the location of the cochlear nucleus-—the

first brainstem structure in the central

auditory pathways—and the sensory

nucleus of V. See text for additional details.
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and productive discipline of psychoacous-
tics. Moreover, the science of psycho-
acoustics has been transiated into clinical
practice; many of its findings form the
tsasis for tests used in diagnostic audiology.

Missing from the above list of auditory
analyses is speech. Clearly, analyses along
the auditory pathway and in the cortex
that vield percepts of pitch, loudness, and
quality, are related to the perception of
speech. But the discipline of speech per-
ception, which has a history almost as
jong as that of auditory psychophysics,
has not produced definitive explanations
concerning the perception of speech and
how it might be related to speech produc-
tion. Standard audiologic evaluations of
the speech reception threshold (SRT) or
speech discrimination ability may provide
some very coarse-grained information on
auditory abilities, but these tests are far
removed from the phenomena linking
speech perception with speech produc-
tion abilities. For the time being, then, we
have to rely on the very gross connection
between a patient’s general hearing ability
and their speech production capabilities.
In patients with hearing impairment and
no other known neurclogic disease, a gen-
eral expectation is that the more severe
the hearing loss the greater the impact on
speech production ability. Thus, the speech
intelligibility deficits of persons with neuro-
rmotor disease and substantial hearing loss,
as for example sometimes observed in
persons with the athetoid form of cerebral
palsy, most likely reflect the combined
influence of hearing loss and neuromotor
deficits on speech production.

Sensory and Other
Brainstem Nuclei

Section 3 of the model as shown in Figure
3-4 does not include sensory nuclei asso-

ciated with head and neck structures
because the focus in clinical evaluation is
typically on motor functions. This does not
mean that sensory function is unimportant
for speech production. Tactile integrity,
proprioceptive function, even sensation
of air pressures and flows are likely to be
important to speech production skill and
probably especially so during speech
development. Unfortunately, clinical tests
for the evaluation of orosensory integrity
are controversial, partly because there is
no agreement on proper tests or their
interpretation. The clinician should know,
however, that tactile, pain, temperature,
and proprioceptive sensation is processed
by the sensory nucleus of the trigeminal
nerve, a long, paired nucleus that runs vir-
tually the entire length of the brainstem.
This nucleus has three subnuclei, includ-
ing a top part in the midbrain called the
mesencephalic nucleus of V, a middle part
in the pons called the main (or primary)
sensory nucleus of V, and the bottom part
(in the medullay called the spinal nucleus
of V. The nucleus is named for the trigem-
inal nerve because so much sensory infor-
mation from the head and neck is carried
through the three nerve branches of cra-
nial nerve V. For example, touch sensation
from the face and the anterior two-thirds
of the tongue is delivered to the brainstem
through cranial nerve V. Most of this infor-
mation projects to the main sensory
nucleus of V, in the pons. Other cranial
nerves, however, also deliver information
on touch, pain, and temperature to the
sensory nucleus of V. This includes cranial
nerve VII (facial nerve) which carries sen-
sory information from parts of the pinna
and the ear-canal side of the tympanic
membrane; cranial nerve IX (glossopha-
ryngeal nerve), from the pharynx, the pos-
terior one-third of the tongue, the middle
ear side of the tympanic membrane, and
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some skin around the ear; and cranial
nerve X (vagus), from the larynx and
external ear.

The sensory nerves and nuclei for
audition (just the cochlear nucleus), touch,
pain, and temperature are summarized
schematically in Figure 3-5. Note how sev-
cral cranial nerves deliver sensory infor-
mation to the sensory nucleus of V. An
interesting chapter on possible functions
and evaluations of the sensory components
of the speech mechanism is available in
Kent, Martin, and Sufit (1990).

~ The brainstem also contains nuclei
serving other functions in the head and
neck region. These nuclei include those
that receive taste information and control
salivatory and other glandular secretions.
The interested student is referred to Wilson-
Pauwels et al. (2002) for a more detailed
but accessible presentation.

Section 2: Basal Nuclei and
Cerebellum

Section 2 of the model includes the several
groups of cells in the basal nuclei, the thal-
amus, and the cerebellum. The schematic
diagram in Figure 3-6 shows the intercon-
nections between these structures. These
structures are grouped together because
of what is presumed to be their joint role
in movement planning, initiation, and
coordination.

Basal Nuclei

The basal nuclei include the putamen and
caudate, which together are called the
striatum; the substantia nigra, the globus
pallidus, and the subthalamic nucleus.
These structures are interconnected in
complex ways as shown by connecting
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Figure 3-6. Schematic diagram showing the interconnections
between E;asai nuclei structures, and the motor loop between the
basal nuclei and cortical structures (the latter shown by the heavy
arrows). Note the dopaminergic pathway between the substantia

nigra and the striatum.
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arrows in Figure 3-6. Many of the struc-
rures are connected reciprocally (for
example, see the arrows in both direc-
tions between the substantia nigra and the
striatum). Most importantly, for our pur-
poses, most of the outputs from the basal
suclei converge on the globus pallidus
which sends its output to the thalamus.
The thalamus then relays this information
to motor parts of the cortex (different
areas of the cortex are lumped together
foor this schematic), which as shown in the
figure sends the information back to the
basal nuclei. Thus, the basal nuclei receive
their own, processed output via the globus
pallidus—thalamic—scortical—basal nuclei
loop. This is shown in Figure 3-6 by the
thick lines connecting these structures.
The putamen is thought to be prima-
rily involved with learning and execution
of complex movements. The caudate
nucleus is believed to have a similar func-
fion, but is often implicated in more cog-
nitive aspects of planning and execution
of complex movement sequences. Lesions
in either the putamen or caudate nucleus
will result in movement disorders, which
may be accompanied by personality and/
or mood disorders. The substantia nigra is
found in the midbrain and contains cells
that manufacture the neurotransmitter
dopamine. Dopamine is transported to the
striatum (see the labeled pathway in Fig-
ure 3-6) where it plays a critical role in
the regulation of movements. To a first
approximation, Parkinson’s disease has its
onset and progression as a resuit of cell
death in the substantia nigra and the ensu-
ing loss of sufficient amounts of dopamine
in the striatum.' The classic symptoms

of Parkinson’s disease are tremor, rigidity
(a type of hypertonus, differing from spas-
ticity because the excessive tone is not
dependent on the direction of limb move-
ment), and bradykinesia (slowed prepara-
tion, initiation, and production of move-
ments). The subthalamic nucleus receives
input from the cortex and thalamus, as
well as other parts of the basal nuclei, and
sends its output primarily to the globus
pallidus. The output of the subthalamic
nucleus is thought to modulate the activ-
ity of the globus pallidus. Because the
globus pallidus is the terminal nucleus in
the basal nuclei-thalamic-cortical-basal
nuclei loop, the subthalamic nucleus may
play an important role in shaping the out-
put of the basal nuclei and, therefore, the
form of motor behavior. Lesions in the
subthalamic nucleus cause choreiform
movements (brief, tic- or jerklike move-
ments of the distal extremities [like the
fingers] and the face, sometimes resembling
fragments of movements but not having 2
real purpose) and ballism (involuntary,
large-scale jerks involving the proximal
limbs, sometimes in the form of “throw-
ing” movements). Interestingly, lesions or
deep-brain stimulation of the subthalamic
nucleus may be used therapeutically to
relieve symptoms of Parkinson’s disease.
Finally, the globus pallidus is, as men-
tioned above, the main output of the basal
nuclei; this output is delivered to the thal-
amus, which in turn sends the information
to motor areas of the cortex. Isolated
fesions of the globus pallidus are very
rare (Kuoppamiki et al., 2005), but when
they have been reported they seem to
produce some symptoms like those seen

"This is an oversimplification of the neurotransmitters that play an important role in the basal nuclei.
There are other neurotransmitters of importance, but the scope of this chapter does not permit full
coverage of their role in normal and disordered movement. See Kandel, Schwartz, and Jessell (2000)
for excellent treatment of neurotransmitters and movement.
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in Parkinson’s disease. Deep-brain stimula-
tion of the globus pallidus (particularly of
the more medial, internal segment) has
also been used to relieve symptoms of
Parkinson’s disease.

Three or four nuclei in the thalamus
receive the output of the globus pallidus
and send that information to various
motor areas of the cortex, such as the sup-
plementary motor cortex, the premotor
cortex, and the primary motor cortex.
In this way, the basal nuclei are thought
to influence motor commands in the
descending corticospinal and corticobul-
bar tracts. Isolated lesions of these thala-
mic regions—typically referred to in the
contemporary literature as the motor thal-
amus—are rare, but consequences for
complex motor behavior can be assumed.
Parts of the motor thalamus have also
been targets for neurosurgery to relieve
the tremor symptoms of Parkinson’s dis-
case and other neuromotor disorders.

Symptoms of Basal Nuclei
Disease

The concepts of upper versus lower motor
neuron disease are not typically applied to
signs and symptoms associated with dis-
eases of the basal nuclei. In the older neu-
rologic literature and even in some con-
temporary writings diseases of the basal
nuclei are said to produce extrapyrami-
dal signs and symptoms. Extrapyramidal
refers to structures and lesion effects out-
side of the pyramidal tract, the term used
to describe the corticospinal and corti-
cobulbar tracts which form the “direct”
pathways from cortex to motor neurons
in the spinal cord and brainstem. The
basal nuclei have only indirect connection
to these “direct” tracts, via the loop
described above (Figure 3-6), hence the
term extrapyramidal.

There are many symptoms of basal
nuclei disease. There are also some pre-
dictable effects of basal ganglia disease
on speech production. These are summa-
rized here.

Tone. Parkinson’s disease is the result of
dopamine deficiency in the basal nuclei.
One of the classic symptoms of Parkin-
son’s disease is rigidity, a form of hyper-
tonus. A rigid limb, when passively
displaced, will feel stiff and offer a great
deal of resistance to the motion. This high
degree of resistance will be felt when the
limb is displaced either away from, or
into, the body, and is not likely to be sen-
sitive to speed or range of displacement
(contrast this with spasticity, another
form of hypertonus discussed earlier).

Certain diseases of the basal nuclei
may be associated with tone that fluctu-
ates from hyper- to hypotonia. Diseases
such as athetosis (one of the categories of
cerebral palsy, thought to involve primary
damage to the putamen) and Huntington’s
disease (a genetic disease affecting cells in
the striatum—most notable the caudate
nucleus) may produce this kind of fluctu-
ating tone.

Dyskinesias. Dyskinesias are impair-
ments of voluntary movement and may be
seen in a variety of neurologic diseases
and sometimes as a result of treatment
of those diseases. Some of the more com-
mon dyskinesias include tics, jerks, and
dystonias. The impaired movements may
be spasmodic, as in a slow buildup of
muscular contraction that is maintained
for an unusual amount of time. When this
happens, the disorder is called a dystonia.
In other cases the impaired movements
may be sudden and brief, as in the facial
tics of Tourette’s syndrome, or jerky and
repetitive as in myoclonus.
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Basal Nuclei Disease and Speech
Production. The many diseases of the
basal nuclei and their connections may
result in a variety of speech symptoms.
This discussion is limited to a selected
few. In the Mayo classification system,
basal nuclei disease may be associated
with hypokinetic and hyperkinetic dys-
arthria, and in cases where there is basal
nuclei disease plus damage to other parts
of the brain as well, mixed dysarthria.
Hypokinetic dysarthria is typically associ-
ated with Parkinson’s disease, and is often
characterized by reduced voice loudness
with breathy quality, imprecise consonants
which may be a function of a faster-than-
normal speaking rate (episodic or chronic),
and a general reduction of articulatory
gestures. The extent to which these
speech symptoms are directly related to,
or can be explained by, the triad of classic
neurologic signs of the disease—tremor,
rigidity, and bradykinesia—is unknown.
There seem to be logical links between
rigidity and bradykinesia and the speech
symptoms of reduced articulatory gestures
and voice loudness; after all, it makes
sense that stiff muscles would result in
sinallerthan-normal movements and diffi-
culty initiating and moving speech struc-
tures. But the logic of the link shows
some weakness when the effects of thera-
peutic drugs on nonspeecch (e.g., limb)
and speech symptoms are observed. Drugs
meant to supplement dopamine often
relieve the classic symptoms of Parkin-
son’s disease, but have little effect on the
severity of the hypokinetic dysarthria (for
a good review of drug effects on hypo-
kinetic dysarthria, see Schulz, 2002; and
Pinto et al., 2004). This suggests a more
complex relationship, or perhaps an inde-
terminate relationship, between the signs
and symptoms of Parkinson’s disease and
the nature of hypokinetic dysarthria.

Hyperkinetic dysarthria is a cover term
for dysarthrias associated with a number
of basal nuclei structures and may encom-
pass several, unique forms of the speech
disorder. A good illustration of the diffi-
culty of relating the classic motor signs of
neurologic disease to speech motor symp-
toms is found in the dysarthria of athetosis,
a subtype of cerebral palsy usually associ-
ated with damage to the striatum. Athetosis
is characterized by slow, writhing move-
ments, often but not exclusively of the
hands and feet, and may be accompanied
by a related movement disorder called
chorea in which rapid, jerky, and often
large movements seem to travel across the
body with no apparent purpose. When
chorea and athetosis occur together the
movements are called choreoathetotis. In
the case of speech, the random move-
ments of athetosis or choreoathetosis
have been thought of as a form of “motor
noise” that contribute in an important
way to the dysarthria seen in this form of
cerebral palsy. Such a view would predict
that speakers with the athetoid form of
cerebral palsy and dysarthria would, if
asked to produce multiple repetitions of a
single utterance, have much more variable
articulatory behavior than neurologically
normal controls. In this view, the random
motions of athetosis or choreoathetosis—
the motor noise—would create abnormal
movement variability on each repetition.
Many years ago Neilsen and O’Dwyer
(1984) tested this notion by recording
electrical activity from speech muscles in
a group of adults with the athetoid form
of cerebral palsy and in neurologically
healthy (control) speakers. Neilsen and
O’Dwyer’s findings were surprising and
provocative: Athough the speakers with
athetosis had clearly abnormal muscle activ-
ity for repeated utterances, the variability
of the muscle activity across repetitions
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was no greater than observed for the con-
trol speakers. Neilsen and O’Dwyer’s con-
clusion was that the random movements
and fluctuating tone typically said to be
classic signs of athetosis did not explain
the speech disorder, or at least not the
observed muscle activity of articulators
producing speech.

One final observation can be made
concerning hyperkinetic dysarthria and its
tenuous relationship to underlying patho-
physioclogy. The two most common forms
‘of cerebral palsy-—spastic and athetotic—
are supposed to have very different under-
lying pathophysiologies (the character
istics of spasticity have been described
above). Yet repeated attempts to demon-
strate clear distinctions—that is, different
types of dysarthrin—between speakers
with the two forms of this disease have
not proved successful (see Jeng, Weismer,
& Kent, 2006). If the link between neuro-
logic signs and symptoms and characteris-
tics of the speech production deficit were
clear, the two types of cerebral palsy

should be associated with fairly different
types of dysarthria.?

Cerebellum

The cerebellum, like the basal nuclei, is part
of what we can call a “motor loop.” The
cerebellar loop is depicted in Figure 3-7.
The cortex of the cerebellum sends fibers
to a nucleus deep in the cerebellum (den-
tate nucleus), which then sends a fiber
tract via the pons to the motor thalamus,
which in turn projects to the motor cor-
tex. The loop is closed by fibers from the
motor cortex that are sent back to the cere-
bellum, via the pons. This loop is thought
to be critical in the sequencing of complex
movements and in adjusting the forces
applied by different muscles and, hence,
the scale of motion of structures moved
by those muscles. The cerebellar loop also
seems to be involved in motor learning, the
trial-by-trial adjustments in muscle force
and movement sequencing that transform
unskilled to skilled behavior.

*The quest to show differences between the hyperkinetic dysarthria of athetoid cerebral palsy and
spastic dysarthria of spastic cerebral palsy is more complicated than space allows us to explore in
this chapter, Patients with so-called “pure” forms of the disease are difficult to identify, for one thing,
meaning that some studies that have failed to find different dysarthria types between the two form:;
may simply be reporting data on groups that are not that different neurologically. Because several
different studies have failed to find the dysarthria difference between the two types, however, it
is safe to conclude that an easy link between neurologic signs and symptoms and specific spee'ch

production deficits cannot be made at this time.
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Figure 3-7. Schematic diagram showing the motor loop between the cerebellum

and cortex.
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Symptoms of Cerebellar
Disease

As might be expected, damage to the cere-
bellum or parts of the cerebellar motor
igop result in a disorganization of smooth
movement. Muscles are not contracted at
the correct times and contractile forces are
not scaled appropriately to the needs of the
task. Specific neurclogic tests of cerebel
tar disease, which may be associated with
strokes, tumors, head injuries, and degen-
erative conditions, are summarized here.

Tone. When cerebellar disease results in
a tone disorder it will typically be in the
form of hypotonia. Passive displacement
of a limb will create the impression of lit-
tle resistance, and muscles may feel flabby
to the touch.

Weakness. As in most neurclogic dis-
eases with a significant motor compo-
nent, patients with cerebellar disease will
not be able to generate much strength
and may fatigue easily.

Dysmetria. Patients with cerebellar dis-
ease will have problems in the scaling and
timing of movements. If asked to point to
an object the patient will likely overshoot
it and may produce an oscillatory motion
around the target. Dysmetria can be shown
clearly when the patient is asked to pro-
duce a repetitive movement, such as mak-
ing a repetitive and rhythmic motion with
the wrist (typically, a pronating-supinating
sequence) or closing and opening the
forefinger and thumb with a highly regu-
far pattern. The pattern produced by the
patient is likely to appear irregular both in
time and space; the motions will appear
to lack the smoothly repetitive structure
(time)y of the neurologically normal per-
son and may vary in amplitude (space) as

well, with smaller and larger movements
produced across the sequence.

Decomposition of Movement. In cere-
bellar disease, complex gestures are often
broken down into their simple compo-
nents, giving movements a piece-at-a-time
appearance very much at odds with nor-
mal movements. The great World War 1
neurologist Gordon Holmes provided a
detailed description of decomposition of
movement by observing soldiers with
penetrating head injuries to the cerebel-
lum getting out of their field-hospital
beds. Neurologically normal individuals
typically swing their trunk upright from
the bed as they lower their legs to stand,
the whole action seeming to be one inte-
grated gesture. In contrast to this, Holmes
watched as the injured soldiers moved one
leg, then the next, and only rotated their
trunks when other required movements for
rising from bed were completed. Decom-
position of movement gives the appearance
of a compensatory strategy, one allowing
the patient to accomplish a goal such as
getting out of bed without too much jerky
movement and incoordination.

Ataxia. The term “ataxia” is often used as
a general cover description for the produc-
tion of clumsy, incoordinated, but purpose-
ful movements; it is also used to designate
the staggering, wide-base posture that char-
acterizes walking movements of many
persons with cerebellar disease. Reading
this, the student may notice that the term
“ataxia” seems to encompass the charac-
teristics, summarized above, of dysmetria
and decomposition of movement. In fact,
Holmes viewed “ataxia” as a cover term
for several of the commonly observed
motor problems of cerebellar disease, and
it is probably best to understand the term
in this way.
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Cerebellar Disease and Speech
Production. Ataxic dysarthria has sev-
eral prominent characteristics that seem
to be consistent with the classic neuro-
logic symptoms of cerebellar disease. For
example, patients with ataxic dysarthria
are often perceived to have “scanning
speech,” in which each syllable and possi-
bly each sound seems to be metered out
as an independent event, almost as if the
smooth flow of speech has been broken
apart. In the Mayo studies (Darley, Aron-
son, & Brown, 1969a, 1969b), excess and
equal stress was identified as a common
abnormality in patients with cerebellar
disease, and it is easy to see how this
would contribute to the scanning speech
impression. Scanning speech seems to be
a speech manifestation of decomposition
of movement, wherein the apparently
separate sound or syllable events is a sim-
plification of 2 complex set of movements,
perhaps to avoid loss of coordination
among the articulators. The drunken-
sounding speech and tendency for sudden
bursts of voice loudness among persons
with ataxic dysarthria seem to reflect the
problems in cerebellar disease with con-
trol of the scale of motor behavior. Exces-
sive changes in intonation (most notably
in the fundamental frequency contour)
and sudden increases in voice loudness
seem to fit the idea of a motor system that
is subject to sudden changes in control.

Section Summary

Section 2 of the model includes two
important motor loops, one between the
basal nuclei and the cortex, and the other
between the cerebellum and the cortex.

Both loops are clearly involved with the
selection, planning, and execution of com-
plex movements; both loops almost cer-
tainly play a role in the learning of such
movements. The involvement of these
loops in speech motor control is best
exemplified by the effects on speech of
lesions to the relevant structures and con-
nections between them.

Section 1: Cortical
Mechanisms

Section 1 of the model includes several
different areas thought to be involved in
either the planning or execution of speech
production skills. Traditionally, cortical
mechanisms have not been considered rel-
evant to a strict definition of dysarthria.’
Rather, these mechanisms, and their break-
down as a result of neurologic disease,
have more often been associated with
aphasia and apraxia of speech. Apaxia
of speech, originally (and still, by many:
see Hillis et al., 2004) thought to involve
lesions in Broca’s area, was conceived of
as a disorder in which the problem was
not in the execution stage of speech pro-
duction, but in the planning stage. The
kinds of neuromuscular control problems
seen in dysarthria—paralysis, weakness,
incoordination—were thought to be absent
in patients with apraxia of speech, or at
least not responsible for the disordered
speech characteristics. Cortical damage
was thought to disrupt a patient’s ability
to plan articulatory sequences, resulting in
hesitations, articulatory gropings, impaired
prosody, and disproportionate impairment
with increased complexity of an articula-

Cortical lesions that result in dysarthria are thought to be rare, but have been reported to occur
when small strokes create highly localized lesions in the motor cortex serving face and tongue areas

(Kim, Kwon, & Lee, 2003).
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tory sequence (such as with the addition
of syllables to an utterance or increased
articulatory complexity within syllables,
such as complicated consonant clusters).

Damage to the face, tongue, and/or
laryngeal areas of the primary motor cor-
tex is an upper motor neuron lesion and,
therefore, would be expected to result in
spastic dysarthria. This expectation is con-
sistent with preliminary evidence that uni-
lateral, upper motor neuron lesions at any
iocation along the corticobulbar tract—in
the cortex, internal capsule, or cerebral
peduncles (the portion of the corticobul-
bar tract running in the brainstem but
above the level of the brainstem motor
nuclei)—produces a uniform kind of dys-
arthria (Urban et al., 2006).* Whether or
not this same conclusion applies to bilat-
eral lesions along the corticobulbar tract
is unknown. For now, the notion that bilat-
eral cortical lesions in face/tongue/larynx
areas would produce the same kind of
dysarthria as bilateral lesions in the inter-
nal capsule must be considered a hypoth-
esis, albeit a reasonable one.

In recent years the role of cortical
mechanisms in speech production has
been re-examined, largely due to a small
number of brain imaging studies of both
neurologically normal speakers and per-
sons with speech disorders. Many differ-
ent areas of the cortex, including the SMA,
the insula, the postcentral gyrus (primary
sensory cortex), and parts of the premotor
cortex, have been implicated in speech
production skills. In particular, the ante-
rior insular cortex of the left hemisphere
has been claimed to be a sort of clearing
house for the coordination of the many
muscles involved in normal speech pro-
duction (Ackermann & Riecker, 2004).

If this is so, we would expect lesions of
the anterior insula to result in articulatory
coordination problems, which would cer-
tainly fit with the often assumed presence
of coordination difficulties in certain
dysarthrias. Interestingly, the insula has
also been implicated in apraxia of speech
(Dronkers, 1996; but see Hillis et al., 2004,
for a different view), which, like certain
dysarthrias, has been claimed to have
articulatory incoordination as a prominent
characteristic (see the review in McNeil,
Robin, & Schmidt, 1997). The student
should understand that a particular char-
acteristic of speech production, such as
incoordination, cannot necessarily be used
to differentiate types of dysarthria from
one another, or dysarthria from apraxia of
speech. The different speech disorders
share many characteristics, and there is
also some degree of disagreement over
the proper diagnosis for some patients.
For now, we can say that cortical areas are
clearly involved in the production of
speech, most likely from the planning to
execution stages. Small cortical lesions that
produce dysarthrias are likely to resolve
quickly, perhaps leaving a mild, residual
speech disorder.

Cortical Damage nand
Speech Production

Presumably, as reviewed above, cortical
damage of speech mechanism cells in the
primary motor cortex (that is, for the face,
tongue, larynx, and so forth) causes a mild
dysarthria that often resolves shortly after
the onset of the lesion. It is not known
how or if these dysarthrias fit into the
Mayo system. Damage either in Broca’s
area, or to the anterior tip of the insular

“Urban et al. (2006) do not report a #ype of dysarthria among their patients, but simply that the nature
of the dysarthria was the same regardless of the lesion location along the corticobulbar tract.
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cortex has been claimed to result in
apraxia of speech. Patients with apraxia of
speech are said to have increasing speech
production difficuity with increasing pho-
netic complexity; this particular observa-
tion, in the absence of easily detectable
weakness or other classic neurologic signs
(such as hypertonicity) has led clinicians
to regard apraxia of speech as a program-
ming disorder. The increased speech pro-
duction difficulty with increasing phonetic
complexity occurs, according to this view,
because greater phonetic complexity
requires greater programming resources,
It is not known, however, if speakers with
dysarthria might also produce more errors
and have more difficulty initiating speech
with increasing phonetic complexity.

Summary

This chapter presented information on
brain structures and functions, in the con-
text of motor speech disorders and the
Mayo classification system. Emphasis was
placed on relationships between what
certain regions of the brain are thought to
do in the control of movement, and how
these functions may affect speech. There
is a good deal of uncertainty about the
precise relations between lesions of spe-
cific areas of the brain and their effects on
speech, but a working knowledge of the
material presented here is critical to an
SLP's skill set, especially as a member of
a healthcare team treating persons with
neurogenic speech disorders. The student
should also keep in mind that much of the
information on structures and connections
in the nervous system has been presented
in schematic form. Fortunately, there are
excellent, general resources on neuroanat-

omy, neurophysiology, and neuropathology,
some of which are included in the refer
ence list for this chapter.
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