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ABSTRACT

Our 15 years of research have generated the first short- and

long-term efficacy data for speech treatment (Lee Silverman Voice
Treatment; LSVT/LOUD) in Parkinson’s disease. We have learned
that training the single motor control parameter amplitude (vocal
loudness) and recalibration of self-perception of vocal loudness are
fundamental elements underlying treatment success. This training re-
quires intensive, high-effort exercise combined with a single, function-
ally relevant target (loudness) taught across simple to complex speech
tasks. We have documented that training vocal loudness results in
distributed effects of improved articulation, facial expression, and swal-
lowing. Furthermore, positive effects of LSVI/LOUD have been
documented in disorders other than Parkinson’s disease (stroke, cerebral
palsy). The purpose of this article is to elucidate the potential of a single
target in treatment to encourage Cross-system improvements across
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seemingly diverse motor systems and to discuss key elements in mode of
delivery of treatment that are consistent with principles of neural

plasticity.

KEYWORDS: Parkinson’s disease, neural plasticity, vocal loudness

Learning Outcomes: As a result of this activity, the reader will be able to (1) identify common voice and speech
disorders associated wijth Parkinson’s disease and the need for speech treatment in Parkinson’s disease’ {2)
describe data supporting positive treatment outcomes following LSVT/LOUD, (3) discuss the effect of a single
treatment target (loudness/amplitude) on treatment outcomes, (4} explain the effect of the mode of delivery
{intensity/neural plasticity) on treatment outcomes, and (5} discuss implications for clinical practice with people

with Parkinson’'s disease and other neural disorders.

The effects of neurological disease reach
beyond communication and include impair-
ment of swallowing, limb function, and activ-
ities of daily living. Often, the rehabilitation
clinician (e.g., speech, physical, or occupational
therapist) approaches the motor system that
relates to his or her specialty without the con-
text of general principles of motor control.
However, there is increasing evidence that
common motor contro} processes (and perhaps
common neural systems) underlie a variety of
motor behaviors including those from appa-
rently divergent motor systems such as speech,
swallowing, and limb movements. Understand-
ing these principles as well as factors that
promote neurorehabilitation by capitalizing on
neural plasticity will help to guide the climician
in choosing the most appropriate approach in
terms of both treatment target and mode of
treatment delivery. The purpose of this article is
to elucidate the potential importance of a sin-
gle, overriding treatment target that may en-
courage Cross-system lmprovements across
seemingly diverse motor systems and to discuss
key elements in mode of delivery of treatment
that are consistent with principles of neural
plasticity. These two themes will be discussed
in terms of an effective speech treatment for
Parkinson’s disease (PD), specifically the Lee
Silverman Voice Treatment (LSVT/LOUD).
The success of LSVT/LOUD may be related to
the uniquely pervasive effect of training vocal
loudness across the entire speech production
mechanism, the intensive mode of delivery that
is consistent with neural plasticity promoting

principles, or some combination of the two. We
will discuss the need for speech treatment in
PD, data supporting positive treatment out-
comes following LSVT/LOUD, the effect of a
single treatment target (loudness/amplitude) on
treatment outcomes, the effect of the mode of
delivery (intensity/neural plasticity) on treat-
ment outcomes, and implications for clinical
practice with people with PD and other neural
disorders.

THE SCIENCE AND PRACTICE
OF LSVT/LOUD

The Significant Need

Oral communication is vital in education, em-
ployment, soctal functioning, and self-expres-
sion. Nearly 300 million children and adults
worldwide have a neurological disorder that
may impair their ability to communicate orally.
The prevalence of disordered communication is
particularly high (89%) in the nearly six million
individuals worldwide with idiopathic PD;
however, only 3%—4% receive speech treat-
ment.}™ Soft voice, monotone, breathiness,
hoarse voice quality, and imprecise articulation,
together with lessened facial expression
(masked facies), contribute to limitations in
communication in the vast majority of individ-
uals with PD.*® In addition, dysphagia (disor-
dered swallowing), which may be associated
with life-threatening pneumonia, has been re-
ported in as many as 95% of individuals with
PD.% Despite optimal medical managementi’9
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most individuals with PD have significant
speech deficits that negatively affect their
quality of life.'? Affected individuals become
disabled or retire early, are forced to give up
activities they enjoy, incur substantial medical
costs, and have increased mortal]it_v.11 With PD
predicted to increase fourfold by 2040, the
value of an effective treatment for disordered
communication and swallowing in this popula-
tion is clear.

Progress toward a Solution

Over the last 15 years, our research team has
focused on improving speech and voice n
individuals with PD. The approach is known
as LSVT/LOUD,*® and our research has gen-
erated the first level 1 evidence for efficacious
speech treatment in PD (Ramig et al,'**®® and
C. Goetz, personal communication, 2003).
LSVT/LOUD trains amplitude (increased vo-
cal loudness) as a single motor control param-
eter, thereby targeting inadequate muscle
activation, the pathophysiologic mechanism
underlying bradykinesia (slowness of move-
ment) and hypokinesia (reduced amplitude of
movement) in PD.}*'® LSVT/LOUD incor-
porates enhancing the voice source, which 1s
consistent with improving the carrier in the
classic engineering concept of signal transmis-
sion'?; using vocal loudness as a trigger for
distributed system-wide effects across the
speech production system; and recalibrating
sensorimotor processes so individuals with PD
integrate improved speech into functional com-
munication. Unlike other forms of speech treat-
ment, LSVT/LOUD requires intensive, high-
effort speech exercise combined with a simple,
redundant, and salient treatment target to
transfer loudness into functional daily living.
The standardized protocol for LSVT/LOUD
adheres to many of the fundamental principles
of exercise and motor training that have been
shown to promote neural plasticity and brain
reorganization in animal models of PD? and
human stroke-related hemiparesis.21 The effec-
tiveness of LSVIT/LOUD is beginning to be
globally documented for people with PD**
with speech therapists in 30 countries success-
fully delivering the treatment. The unique
combination of targeting vocal loudness and

self-monitoring of vocal loudness in a training
mode that is high effort and intensive may be
essential elements of why LSVI/LOUD has

been successful.

Effect of LSVT/LOUD on Speech
and Swallowing in PD
Initial studies on LSVT/LOUD compared it to
a respiratory treatment in which both treat-
ments were matched for mode of delivery
(e.g., intensive, high effort, homework, positive
reinforcement).*715:2 Findings documented
that in individuals with PD, the combined
approach of treating vocal fold adduction and
respiratory drive (LSVT/LOUD) generated
the greatest and most lasting positive (statisti-
cally significant) effect on vocal sound pressure
level (SPL) and other laryngeal and respiratory
measures. 2! These findings were consis-
tent with perceptual data demonstrating im-
proved loudness and voice quali'cy.32 There was
no evidence of vocal hyperfunction posttreat-
ment; to the contrary, LSVI/LOUD has been
shown to reduce laryngeal hyperfunction33 and
improve voice quality.32

Further studies have documented that the
intensive, high-effort, amplitude training ap-
plied to the speech motor system in LSVT/
LOUD also results in distributed effects across
the speech production system. These effects
extend beyond phonation as discussed above?”
to include improved articulation (Sapir
and colleagues, submitted for publication,
2006; Dromey et al®*® facial expression,35 and
swallowing.36 The effect of LSVT/LOUD on
articulation has been reflected in measures of
transition duration, rate, and extent.>* A recent
study by Sapir and colleagues (personal com-
munication, 2006) examined various measures
of the first (FF1) and second (F2) formants of the
vowels /i/, /u/, and /a/; vowel triangle area; and
perceptual vowel ratings among groups of
subjects with PD who received either LSVT/
LOUD or no treatment and among an age-
matched healthy control group. Results revealed
that F2 of the vowel /u/ (F2u), and the ratio
F2i/F2u, along with perceptual vowel ratings,
improved posttreatment in the group who
received LSVT/LOUD.* These findings sup-
port an effect of LSVI/LOUD on vocal tract
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movement; they also indicate that the effect
of loudness training may go beyond a simple
scale up of effort and loudness and may affect
motor speech reorganization as well. Further-
more, the effect of LSVT/LOUD on improving
facial expression,35 together with improvements
mn vocal loudness and intonation, underscores
the relationship between face and voice that has
been demonstrated in expression studies involv-
ing individuals with neurological disorders®” 2
and indicates that these communicative behav-
iors may have some overlapping neural mecha-
nisms.

The effects of LSVT have been shown to
improve the swallowing function in dysphagic
patients.‘% An assessment of the effect of
LSVT/LOUD on swallowing used standar-
dized radiographic studies to define any
changes that may have resulted posttreatment.
Results indicated a 51% reduction in the
number of overall oropharyngeal swallow dis-
orders after LSVT/LOUD on several liquid
and solid bolus 1'ypes.36 The nature of the
swallow disorders were oral tongue and tongue
base disorders resulting in prolonged oral and
pharyngeal transit times, difficulty with bolus
formation, and lingual and pharyngeal stasis,
which resolved with LSVT/LOUD. This in-
dicates that the effect of treatment extended to
the musculature of the aerodigestive tract from
the focus of the treatment on respiratory/
laryngeal function. These findings are impor-
tant in that they indicate that the swallow
mechanism is also responsive to treatment
that capitalizes on targeting increased ampli-
tude of motor output in people with PD. It is
not surprising that this occurs, as many
muscles and brain regions involved in speech
production share function for swallowing (see
McFarland and Tremblay, this issue). Addi-
tional perspectives come from two recent posi-
tron emission tomography (PET) studies of
voluntary swallowing in healthy volun-
teers.*** These studies found that in addition
to primary sensorimotor cortex (pharynx—lar-
ynx representation) and brainstem, the other
region most strongly activated during volun-
tary swallowing was right anterior insular cor-
tex>**—one of the sites that significantly
changed with LSVT/LOUD.* It is therefore

likely that improved right anterior insular

function (phylogenetically the old communi-
cation system) may also contribute to the
mechanism of improved voluntary swallowing

following LSVT/LOUD.

Effect of Stimulated versus Trained
Vocal Loudness

These distributed effects across articulation,
facial expression, and swallowing have been of
great interest to us, and we have conducted
several studies to evaluate the effect of both
stimulated and trained (i.e., treated during a
course of speech therapy) vocal loudness. The
term stimulation refers to situations in which
the patient is asked or instructed to perform a
task, such as speaking in a loud voice (e.g., “say
that twice as loud”) in a single session. That is,
stimulation induces a transient behavior in
response to an external cue. The term training
refers to a systematic and intensive program
(e.g., 16 sessions of individual LSVT/LOUD
therapy lasting 60 minutes each in 1 month)
that is designed to change a behavior such that a
person will internally cue him or herself for the
behavior—the behavior will not depend on
external cueing and will be sustained over a
protracted time (i.e., over months or years).
Thus, training involves learning, memory, and
reliance on internal sources (self-cueing, self-
regulation) to maintain the acquired behavior.
Across a series of stimulated vocal loudness
studies, we have observed improved or main-
tained motor stability46 and enhanced respira-
tory, articulatory, and phonatory behaviors.*” A
recent study by Will and colleagues48 docu-
mented significant acoustic differences in vowel
space (acoustic working space constructed by
the first and second formants of vowels /i/, /ae/,
/u/, and /a/) accompanying increased loudness
only in the trained condition (i.e., following
LSVT/LOUD) in individuals with PD and not
the stimulated condition. Liotti and col-
leagues45 documented changes in brain activa-
tion in five participants with PD following
training LSVI/LOUD for 1 month. These
neural changes were not observed pretreatment,
with brief experimenter-cued stimulated vocal
loudness indicating that although stimulating
loudness does affect speech production,49 last-
ing changes in speech-motor coordination and
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reorganization of neural control processes
appear to require intensive training and a
recalibration of the patient’s internal sensori-
motor system.

Recently, neural imaging pre- to post-
LSVT/LOUD using PET (O*°) in both activa-
tion and connectivity studies revealed short-term
changes in the speech motor network of people
with PD post-LSVT/LOUD.***° These data
indicate that LSVT/LOUD facilitates a strategy
shift during speech tasks by recruiting right
hemisphere speech motor areas as well as recruit-
ing right hemispheric multimodal sensory inte-
gration and auditory areas. % A significant
finding from this work was the appearance of
activity in right Brodmann area 21/22 and the
superior temporal sulcus both in activation and
correlation maps post-LSVIT/LOUD. It was
suggested that this might reflect improved self-
monitoring of paralinguistic features of speech
(clinically referred to as sensory/auditory recali-
bration) following LSVT/LOUD. These are the
first imaging data of any kind to document
neural changes (i.e., neural plasticity) following
a speech treatment for people with PD.

Effect of LSVT/LOUD on Limb

System in PD

We have discussed above that LSVT/LOUD
affects several processes within and across the
speech production mechanism, including facial
expression and swallowing. It seems reasonable
to assume that similar principles may be oper-
ating on other aspects of motor function asso-
ciated with PD including those involved in
limb movements (such as walking and reach-
ing). Recently, principles of LSVT/LOUD
were applied to limb movement in people
with PD (Training BIG) and have been docu-
mented to be effective in the short term.’!
Similar to the LSVT/LOUD, Training BIG
involves a single treatment parameter—scaling
of increased movement amplitude—and train-
ing involves intense, task-specific exercises de-
signed to capitalize on neural plasticity
underlying neurorehabilitation. Specifically,
training-increased amplitude of limb and body
movement has resulted in improvements in
amplitude of trunk rotation and gait as well as
generalized improvements in the speed of upper

and lower limb movements, balance, and qual-
ity of life.’” In addition, participants were able
to maintain these improvements when chal-
lenged with a dual task. The extension of this
work to a novel integrated treatment program
that simultaneously targets speech and limb
motor disorders in people with PD (Training
BIG and LOUD) has been developed. Results
from pilot work in 11 people with PD revealed
that all subjects increased vocal SPL (loudness)
during sustained vowels and reading (average
10-db SPL increase across both tasks) and
increased stride length/velocity during gait
(average of 9 cm).>*>* The gains in vocal
SPL. and gait stride length were comparable
to previously published data from independ-
ently training LSVI/LOUD (range 8-13 dB
SPL)13"%° or Training BIG (range 9-30 cm).”’
These data indicate that it is possible that
training amplitude, as a single control param-
eter, may facilitate organization across diver-
gent motor systems (speech and limb), thereby
increasing the cross-system effects in people
with PD (for additional information on cross-
system interactions, see McFarland and Trem-
blay, this issue). Furthermore, the additional
complexity of training dual tasks (e.g., walking
Big while talking Loud) during therapy may
have the potential to increase neural plasticity
associated with treatment outcomes.

Effect of LSVT/LOUD beyond PD

Although LSVT/LOUD was developed to tar-
get the proposed pathophysiologic mechanisms
underlying speech disorders in PD, it is impor-
tant to note that this approach has been
successfully applied to a range of other neuro-
logical disorders. Qutcome data from applica-
tion of LSVT/LOUD to a series of individuals
with severe speech problems accompanying
Parkinson’s plus syndromes (Shy Drager, multi-
system atrophy), as well as post—deep brain
surgery, revealed positive outcomes in these
very challenging patients.>>® In addition,
LSVI/LOUD has been applied successfully
to select individuals with the following condi-
tions: cerebellar ataxia,”’ multiple sclerosis,®
stroke,>® and aging voice.?® Of particular inter-
est was the evidence of improved vocal loudness
and quality, as well as the distributed effects of
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loudness training as measured in some of these
individuals.”” The effect of LSVT/LOUD has
also been examined in pediatric populations,
documenting improved vocal loudness, voice
quality, and articulatory precision in speech of
children with cerebral palsyf’] and Down syn-
drome®? posttreatment. These findings provide
preliminary support that training vocal loud-
ness can make improvements in speech produc-
tion in neurological conditions beyond PD
(where amplitude scaling is the primary deficit)
and that the distributed system-wide improve-
ments following LSVT/LOUD (e.g., improved
articulation) are observed in other neurological
conditions as well.

HOW DO WE EXPLAIN THE
DISTRIBUTED EFFECT OF

TREATING LOUDNESS

ACROSS MOTOR SYSTEMS?

Our findings have led us to predict that training
vocal loudness (amplitude) may stimulate gen-
eralized neural motor activation across the
speech production system, and potentially
across other motor systems. The improvements
in articulation, facial expression, swallowing,
and limb movements are consistent with the
concept of global parameters, whereby a single
treatment target affects common control mech-
anisms that, in turn, influence motor behaviors
beyond the specific targeted function.*” 6364
The neurological bases of such global motor
effects are not known; however, McClean and
Tasko® reported evidence for neural coupling
of orofacial muscles to neural systems of lar-
yngeal and respiratory control in human stud-
ies. These authors suggest that a potential
source of this observed neural coupling might
be from efferent drive from a common brain
region to motoneurons innervating orofacial,
laryngeal, and respiratory muscles. Such com-
mon neural structures and coupling may ex-
plain, in part, the potential spread of effects
from stimulation of increased vocal effort and
loudness (respiratory and laryngeal systems) to
orofacial muscles and swallowing function.
Smith and colleagues®® suggested that the res-
piratory drive underlying vocal loudness may be
a powerful force for distributed effects in that it
entrains other aspects of motor functioning.

Similar findings have been reported in the
limb motor-system, where a focus on training-
increased amplitude (large, axial body move-
ments) resulted in improvements in balance, as
well as more distal functioning (e.g., reach-
ing).'c’l Brain imaging indicates that treatment
effects extend beyond the periphery and include
central nervous system clements.*">°

Another explanation for the distributed
and lasting effect of LSVT/LOUD is that it
involves and stimulates phylogenetically old
neural systems, especially the emotive brain,
which is an important part of the survival
mechanism. Speech production is a learned,
highly practiced motor behavior, with many
of its movements regulated in a quasiautomatic
fashion®”%; loudness scaling is a task in which
both animals and humans engage all their
lives.®*7* Thus, the regulation of vocal loud-
ness for speech may involve a phylogenetically
old system that has been adapted, through
learning, for speech production and compre-
hension purposes. In humans, lesions to differ-
ent parts of the central nervous system,
especially the limbic system, the anterior cin-
gulate cortex, the thalamus, and the basal gan-
glia produce hypophonia, hypoprosodia, and
hypokinetic articulatory movements.”? Stud-
tes in animals indicate that the limbic system,
anterior cingulate cortex, thalamus, and basal
ganglia are involved in emotive and other
survival-related vocalizations®; they also indi-
cate that these neural structures are involved,
directly or indirectly, in the readiness to vocal-
ize and the intensity of vocalization.” #1787 In
addition, brain stimulation and cell recordings
in primates indicate that emotive vocalization
typically involves coactivation of the resgira—
tory, phonatory, and orofacial muscles.?”"

In summary, these findings indicate that
the effects of loud phonation may be uniquely
pervasive across the speech production system
by stimulating common neural mechanisms
for speech and other motor systems or by
stimulating neural systems that mediate emo-
tive vocalization via an integrated, phylogeneti-
cally old neural mechanism. Brain changes
induced by LSVI/LOUD as measured with
PET imaging45’50 reflect improvements in the
basal ganglia, limbic system, prefrontal cortex,
and right hemisphere functions. As indicated
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above, these neural systems are involved in
vocalization, loudness regulation, and vocal
learning, which collectively may account for
the significant and long-term effects of
LSVT/LOUD on speech in individuals with
PD. This may also help to explain how a
cross-system, such as swallowing, may also be
affected by training vocal loudness. Perspectives
such as these elucidate why LSVT/LOUD
improves voice and speech production in
PD and other neural conditions, as compared
with previous treatments that have focused
on rate or articulation, which involve pri-
marily cortical, phylogenetically newer neural
centers.

Effect of Mode of Delivery

of LSVT/LOUD

Unlike other forms of speech treatment,
LSVT/LOUD has been delivered in high-ef-
fort (perceived effort expended by patients) and
intensive-mode (frequency and duration of
treatment sessions: 16 individual 60-minute
treatment sessions in 1 month) with a focus
on sensory retraining. This intensive mode of
delivery has not been a part of previous speech
treatment approaches focused on articulation or
rate. Although principles such as intensity of
motor tramming have long been accepted in
terms of behavioral recovery and improved
function, only recently have the neurobiological
phenomena underlying such principles been
stringently validated for the positive effects on
central nervous system functioning.89791 For
example, it was previously thought that the
adult brain had limited capacity to “heal itself”;
however, there is now increasing evidence to
the contrary,gg'90 and the adaptive capacity of
the nervous system, known as neural plasticity,
has begun to be quantified. Data from exper-
mmental animal models have documented that
exercise or motor training (i.e., behavioral
training) may interfere with multiple mecha-
nisms involved in cell death and promote plas-
ticity in the healthy and injured central nervous
system.%‘93 Many of these neurobiological
processes are triggered by the direct effect of
exercise on increasing the expression of neuro-
trophic9 f;actors that promote cell survival in the
brain.?%%

Although LSVT/LOUD was developed
long before these more recent investigations,
today we recognize that the mode of delivery of
LSVT/LOUD is consistent with principles
that promote neural plasticity,90’95 such as in-
tensive practice, complexity of practice, saliency
of treatment tasks, and timing of interventions.
Although all the factors that influence neural
plasticity are yet to be defined or fully under-
stood, certain key principles have emerged from
the literature.”® An example of five such prin-
ciples, their application to PD, and their inte-
gration into LSVI/LOUD are detailed in
Table 1 and briefly summarized in the follow-
ing sections.

Intensity

Intensive training is paramount to eliciting
long-term functional changes in behav-
jor. 29697 Intensity can be achieved via fre-
quency of treatment (e.g., days per week),
repetitions  within sessions, or in requiring
greater force, effort, or accuracy during motor
tasks. There is a need for continued practice of a
new motor skill (e.g., intensive training) for
long-term structural changes in neural func-
tioning; acquisition alone is not sufficient for
neural plasticity.98 LSVI/LOUD delivers
treatment in an intensive dosage (60-minute
individuals sessions 4 days/week for 4 weeks),
with multiple repetitions of each task (e.g.,
minimum of 15 repetitions per task per day),
and continually increases requirements for ef-
fort, consistency, and accuracy of vocal loudness
in speech tasks.””

Complexity

Complex movements promote greater neural
plastici'ry.loo_]02 With PD there is a loss
in automaticity of movements; thus, dual
tasks or complex movements become increas-
ingly difficult for people with pD.103.104
Retraining automaticity of a single treatment
target (e.g., vocal loudness) may allow gen-
eralization of this target to multiple motor
tasks (e.g., speaking while walking or driv-
ing).lo5 LSVT/LOUD trains vocal loudness
across simple (words/phrases while seated) to
more complex (conversational speech while
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walking to cafeteria and ordering coffee)
tasks.””

Saliency

The more meaningful or rewarding a task, the
greater the effect on neural plasticiry.m(”]m In
LSVT/LOUD, there is a reward associated with
using the trained target of increased loudness in
daily living (comments such as, “I can hear you
better,” “You sound great”). This reward makes
the target behavior LOUD more salient (i.c., “if
I'use LOUD, 1 get a rewarding response”).!'%
This saliency may mediate greater experience-
dependent plasticity.

Use It or Lose It

Inactivity may accelerate the degenerative proc-
ess in PD and exacerbate speech or other motor
disorders.”®1%%1%9 Because of sensory deficits
associated with the speech disorder in PD,'®
many people live with a speech disorder with-
out seeking treatment, which results in an
insidious decrease in their amount of speaking
and in gradual social withdrawal and isola-
tion.11? Thus, it is important to engage people
with PD early in their disease state and to
improve their communication with treatments.
LSVT/LOUD targets the voice problem in
PD, which is the first problem to occur,>>1!
and directly addresses the sensory mismatch
that makes people with PD feel they are speak-
ing loud enough, when in fact they are speaking
too softly.

Use It and Improve It

Speech can improve with focused practice on
increasing vocal loudness and active attention
to the sensory mismatch that accompanies in-
creased vocal loudness.**1>%® Active attention
to sensory feedback may be essential for facil-
itating the neural plastic changes of cortical
sensorimotor maps during behavioral treat-
ment. 12113 Repetitive passive practice without
a sensory focus has been shown to generate
minimal enduring neural plastic chamges.nz‘“4
Although speech behavior can improve with
speech exercises focused on vocal loudness,
animal and human studies indicate that the

benefits of exercise quickly degradelog; thus,
the need for continued use to promote main-
tenance s necessary. The novelty of LSVT/
LOUD is that it trains everyday loudness for
speech, so that everyday life is continuous ex-
ercise. For example, a person uses a Loud voice
when making phone calls, speaking at work, or
socializing. Thereby, specific strategies to over-
ride hypokjnesia/bradykinesia are learned and
used in daily living to retrain normal or optimal
use.

Timing Matters

When exercise is introduced early in disease
process in animal models of PD, there is the
potential to slow or halt the progression of the
disease.’> 118 If exercise for speech is engaged
carly, there may be a slowing of the speech
degeneration. Early referral to behavioral thera-
pies (e.g., speech, physical therapy) in people
newly diagnosed with PD is uncommon.
Instead, referrals are typically made after func-
tional impairments have progressed to the point
of disability. Tt may be important to train people
with PD in speech therapy before the symptoms
are apparent or severe enough to interfere with
functional communication.

The use of exercise as a physiological tool to
promote neural plasticity, slow progression of
motor symptoms (speech or limb), and promote
quality of life in PD is a virtually untapped
resource. To date, the majority of the research
efforts in human PD has been focused on
pharmacological agents or exogenous neurotro-
phic factors (e.g., mntroducing neurotrophins
such as glial-derived neurotrophic factors into
the brain) to provide hope for slowing disease
progression. Recent literature from animal
models of PD, however, have offered data that
are so compelling that they have lead basic
science researchers to suggest that physical
training interventions might halt the progres-
sion of the disease.399>10%117.118 pp animal
studies are beneficial in that they offer insight
into the effect of physical activity on PD by
allowing direct observation of morphologic,
neurochemical, and neurophysiologic changes
associated with exercise. It is unknown how
these data will translate to human PD because
of the difference in acute animal models of PD
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versus the chronic dopamine neuronal death in
human PD.1*!?° Nonetheless, we need studies
designed to translate findings from animal mod-
els of exercise/motor training to the effect of
intensive behavioral speech therapy on neural
plasticity and the potential for neural protection
as measured by dopamine-related changes in
imaging studies over time. Preliminary studies
of PET-related changes pre-/post-LSVT/
LOUD have already documented treatment-
dependent functional reorganization in people
with PD. These data indicate that speech ther-
apy may go beyond treating the symptoms of
PD and may have the potential to affect pro-
gression of speech disorders associated with the
disease over time.

WHAT ARE THE IMPLICATIONS
FOR CLINICAL PRACTICE?

Single Treatment Target/LOUD Is
Special

As discussed in earlier sections, a single, rele-
vant cue may be the most effective means to
elicit a behavioral change in PD.

Training a single focus (increased ampli-
tude) allows for the complexity and intensity
shown in animal models of PD and human
stroke to promote behavioral recovery, neuro-
chemical sparing, and brain reorganization.
The observation of distributed effects following
LSVT/LOUD across motor systems for the
speech/communication and swallowing mech-
anisms 1n individuals with PD, as well as adults
and children with other neurological disorders,
are of significance at both clinical and scientific
levels. Even when people with PD have multi-
ple speech difficulties (e.g., soft, hoarse voice
with mumbled speech), training only vocal
loudness (amplitude) improves other aspects
of speech (e.g., hoarseness, intelligibility),
keeping the treatment focus simple and redun-
dant. Most individuals with neurological dis-
orders have multiple communication problems;
if one treatment target can have an effect across
the speech production system, this may allow us
to improve the effectiveness of treatment. A
single therapeutic target delivered in a manner
that promotes neural plasticity has great poten-
tial to improve clinical efficiency.

Mode of Delivery/Intensive

Training is Special

Recent advances in neuroscience reveal that
exercise and motor training affects molecular
changes associated with cell survival, cell
growth, and functional recovery in animal mod-
els of PD. This challenges the assumption that
there is no potential for recovery in PD or other
neurodegenerative disorders. Altogether, these
background tenants emphasize the need for
human studies of exercise-based programs
that are continuous, immediately available at
the time of diagnosis, and promote neural
plasticity and brain reorganization.lf”“s’ms’121
The translation of the principles of neural
plasticity to therapeutic approaches will require
a significant paradigm shift in rehabilitation
sciences.’® Current rehabilitation approaches
are typically not developed specifically for the
deficits in PD (or other neural disorders), nor
do they implement the principles described in
Table 1 in a standardized manner. Our ability
to embrace these principles and integrate them
into the mode of delivery of treatment will be
essential for evolving rehabilitation science in
parallel with neuroscience. The standardized
protocol for LSVT/LOUD differs from tradi-
tional modes of speech treatment delivery and
adheres to key principles of neural plasticity as
summarized in Table 1. The mode of delivery
of this treatment protocol, albeit before wide-
spread dissemination of neural plasticity liter-
ature, may account in part for its success.

It is recognized that there are practical
challenges to delivering speech treatment in-
tensively (four individual sessions a week for 4
weeks). In fact, any treatment regime (speech,
physical, occupational therapy) that is consis-
tent with plasticity-promoting principles and
incorporates elements such as intensity and
multiple repetitions will require going beyond
the one-to-one (patient-to-clinician) classic
paradigm of treatment delivery. There are not
enough therapists to deliver an efficacious dos-
age of treatment to all the people with PD in
need—a need that will only increase dramati-
cally in the coming years with the aging of the
baby boomer population. The use of group
therapy is not an option, as it does not enable
the efficacious requirement of each person
working to his or her maximum effort levels
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for the entire 1-hour treatment session. Fur-
thermore, continued exercise following the
conclusion of speech treatment and tune-up
sessions are needed for maintenance of vocal
loudness as the disease progresses.

Advances in computer and Web-based
technology offer potentially powerful solutions
to the problems of delivering an intensive
efficacious dosage of treatment, treatment ac-
cessibility, and long-term maintenance in re-
habilitation. For example, a computer training
application for upper limb motor deficits fol-
lowing stroke has been developed for delivery of
constraint-induced therapy, a program that re-
quires intensive motor training (e.g., 6 hours/
day for 2 weeks). This computerized system,
called AutoCITE, was documented to result in
comparable outcomes to live delivery of the
therapy.]23 Computer technology has also
been developed for the delivery of an intensive
speech treatment (LSVT/LOUD) and is dis-
cussed below.

Halpern and colleagues reported on
the use of a personal digital assistant as an
assistive device for delivering LSVT/LOUD
to people with PD. The LSVT companion is
specially programmed to collect data and pro-
vide feedback as it guides people through the
LSVT/LOUD exercises, enabling them to par-
ticipate in therapy sessions at home. Fifteen
people with PD participated in a study during
which nine voice treatment sessions were com-
pleted with a speech therapist and seven ses-
sions were completed independently at home,
using the LSVT-C. Data revealed findings
similar to previously published data on 16
face-to-face sessions both immediately post-
treatment and at 6-month follow—up.1 4125
An evolution of the LSVT-C has been the
development of a virtual speech therapist
(LOUD-VT). This is a perceptive animated
character, modeled after expert LSVIT/LOUD
speech therapists, that delivers LSVT/LOUD
in a computer-based program.126 A prototype
of the LSVT-VT has been developed, and
clinical testing has begun. In addition, delivery
of intensive speech therapy, such as LSVT/
LOUD, via Telehealth systems or other
Web-enabled speech therapy systems have
documented positive outcomes in people
with PD and will enhance accessibility to the

124,125

intensive sensorimotor training important for
successful speech outcomes.'?®

SUMMARY

Improving speech in individuals with neuro-
logical disorders, such as PD, is challenging.
Many of these individuals have degenerative
conditions, a range of medical problems, multi-
ple speech mechanism disorders, and cognitive
deficits, all of which may limit the long-term
success of treatment. We have documented,
however, that intensive speech treatment focus-
ing on vocal loudness is an effective rehabilita-
tive tool, the results of which can give us insight
about the neural mechanisms of disordered oral
communication and vocal tract functioning in
individuals with PD. The effect of training a
single treatment target, such as vocal loudness,
is powerful in its ability to have a maximum
functional effect while increasing clinical effi-
ciency. Continued research will further evaluate
the distributed effects of LSVI/LOUD across
speech articulation, facial expression, and swal-
lowing to more clearly discern whether training
loudness has a unique effect on speech treat-
ment outcomes (as compared with intensive,
high-effort treatment focused on articulation).
Furthermore, recent advances in neuroscience
reveal that exercise affects molecular changes
associated with cell survival, cell growth, and
functional recovery in animal models of PD.
There is a great need for translation of these
data to human PD in speech interventions that
are founded on principles of neural plasticity.
Improvement in voice, speech, and swallowing
functions in the context of a degenerative dis-
ease may prove, in future research, to be in-

dicative of neural plasticity, as preliminary brain
studies post-LSVT/LOUD already suggest.
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