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Purpose of review

Voice and speech impairments are present in nearly 90% of people with Parkinson disease and negatively
impact communication and quality of life. This review addresses the efficacy of Lee Silverman Voice
Treatment (LSVT) LOUD to improve vocal loudness (as measured by vocal sound pressure level vocSPL) and
functional communication in people with Parkinson disease. The underlying physiologic mechanisms of
Parkinson disease associated with voice and speech changes and the strength of the current treatment
evidence are discussed with recommendations for best clinical practice.

Recent findings

Two randomized control trials demonstrated that participants who received LSVT LOUD were significantly
better on the primary outcome variable of improved vocSPL posttreatment than alternative and no treatment
groups. Treatment effects were maintained for up to 2 years. In addition, improvements have been
demonstrated in associated outcome variables, including speech rate, monotone, voice quality, speech
intelligibility, vocal fold adduction, swallowing, facial expression and neural activation. Advances in
technology-supported treatment delivery are enhancing treatment accessibility.

Summary

Data support the efficacy of LSVT LOUD to increase vocal loudness and functional communication in
people with Parkinson disease. Timely intervention is essential for maximizing quality of life for people with
Parkinson disease.
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INTRODUCTION

The presence of voice and speech disorders associ-
ated with dysarthria in people with Parkinson dis-
ease has the potential to decrease functional
communication. Even mild dysarthria can influence
listener perceptions of speech and a speaker may
encounter negative attitudes or discrimination
when dysarthria is present. This review includes
research demonstrating that Lee Silverman Voice
Treatment (LSVT LOUD), a well defined behavioural
treatment, can improve vocal loudness and func-
tional communication in people with Parkinson
disease and that the benefits of treatment can last
for up to 2 years even in the presence of a degener-
ative neurological disorder. LSVT LOUD methods
and research data are presented with an emphasis on
how the treatment addresses the underlying physi-
ology of voice and speech changes associated with
Parkinson disease and how the treatment incorpor-
ates key practice parameters, which drive neural
change that may be important for long-term
rs Kluwer Health, Inc. All rights rese
carryover and generalization to functional com-
munication. Data on the primary outcome variable
of increased loudness [as measured by vocal sound
pressure level (vocSPL)] and improvements in
associated outcome variables following LSVT LOUD
are reviewed and recommendations for best clinical
practice in treating the voice and speech disorders of
people with Parkinson disease are made.
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KEY POINTS

� Nearly 90% of people diagnosed with Parkinson
disease have voice and speech disorders that
negatively impact quality of life.

� LSVT LOUD was specifically designed to address the
physiology of voice and speech disorders resulting from
Parkinson disease.

� The studies reviewed in this article provide evidence for
long-lasting effects of treatment and improvements in
associated voice and speech characteristics.

� Extensive data at physiological, aerodynamic, acoustic
and perceptual levels support the lack of any vocal
hyperfunction (e.g. pressed, strained voice)
accompanying increased vocal loudness in Parkinson
disease.

� Early referral for treatment and a laryngeal
examination prior to treatment are recommended for
best clinical practice.

Voice and speech treatment
INCIDENCE OF VOICE AND SPEECH
DISORDERS IN PEOPLE WITH PARKINSON
DISEASE

Idiopathic Parkinson disease is one of the most
common diagnoses of degenerative neurological
disorders [1] affecting 1–2% of individuals over
the age of 60 years and those in their 40s and 50s
with young onset Parkinson disease [2]. Nearly 90%
of people with Parkinson disease will develop voice
and speech disorders during the course of the disease
[3], which can have a negative impact on functional
communication contributing to decreased quality
of life [4]. Voice and speech disorders associated
with Parkinson disease are most commonly charac-
terized by one or a combination of the following
perceptual characteristics; reduced vocal loudness
[5]; a breathy or hoarse/harsh voicequality [6]; impre-
cise consonants and distorted vowels [7]; and reduced
voice pitch inflections or monotone voice [8] collec-
tively called hypokinetic dysarthria [9].
ORIGIN OF VOICE AND SPEECH
DISORDERS IN PEOPLE WITH PARKINSON
DISEASE

Recently, there has been a proliferation of published
research on the neural bases of Parkinson disease,
which has led to an increased understanding of
the underlying neurophysiology associated with
changes in voice and speech. It is well established
that the symptoms of Parkinson disease are associ-
ated with alterations in basal ganglia circuitry due to
a decrease in dopamine in the substantia nigra pars
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compacta [10]. Understanding of the potential
underlying neurophysiology of dopamine loss
may only be a partial explanation for voice and
speech disorders in PD. Recent research suggests
that nondopaminergic neurons are also involved
in the development of Parkinson disease [11] and
that these changes begin before the onset of Parkin-
son disease symptoms [12].

Physiologic abnormalities associated with voice
and speech changes in people with Parkinson dis-
ease include reduced vocal fold adduction and
asymmetrical patterns of vocal fold vibration
[13,14]; reduced neural drive to laryngeal muscles
[15]; poor reciprocal suppression of laryngeal and
respiratory muscles [16]; and a reduction in respir-
atory muscle activation patterns [17] all of which
contribute to the perceptual feature of significantly
decreased loudness. Motor symptoms of rigidity,
weakness, bradykinesia and hypokinesia result from
dopamine deficiency [18,19] but do not completely
account for the voice and speech abnormalities
associated with Parkinson disease. Sensory deficits,
deficits in internal monitoring of amplitude and
maintenance of amplitude of movements across
the speech production mechanism may also be sig-
nificant factors that contribute to decreased loud-
ness, imprecise articulation and monotone [20–23].
One study compared functional MRI (fMRI) in 20
people with Parkinson disease who did not demon-
strate overt voice and speech disorders. They were
studied in the ON and OFF medication conditions
and compared with 20 age-matched controls [24

&

].
This study identified decreased striato-prefrontal
connectivity and diminished monitoring of exter-
nal auditory feedback that could interfere with
affective modulation of speech prosody (i.e. vocal
loudness and intonation) and may contribute to
the voice and speech disorders associated with
Parkinson disease. For a detailed review of the
origins of voice and speech disorders in Parkinson
disease, see Sapir, 2014 [25

&&

].
LSVT LOUD ADDRESSES THE
PHYSIOLOGY OF VOICE AND SPEECH
DISORDERS IN PEOPLE WITH PARKINSON
DISEASE

Pharmacological and neurosurgical approaches for
managing limb motor symptoms of Parkinson dis-
ease have not demonstrated a consistent or sig-
nificant impact on voice and speech disorders
[26–29]. Therefore, a behavioural treatment for
people with Parkinson disease is needed to effec-
tively improve voice and speech disorders. LSVT
LOUD targets the cardinal perceptual feature of
reduced vocal loudness in people with Parkinson
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disease, which limits audibility and thus functional
communication. Multiple physiologic mechanisms
may contribute to reduced vocal loudness including
reduced amplitude of movement (hypokinesia),
slowness of movement (bradykinesia) and reduced
ability to maintain movement amplitude [16]. A
breathy or harsh/hoarse voice quality and reduced
pitch range may be present due to reduced
amplitude of vocal fold movement and incomplete
adduction of the vocal folds during phonation
[14,15]. Thus, increasing vocal loudness in treat-
ment to levels more closely approximating normal
loudness while simultaneously addressing sensory
deficits, targets the proposed physiologic mechan-
isms underlying bradykinesia and hypokinesia:
inadequate muscle activation [16,17].
FUNDAMENTALS OF LSVT LOUD

Development of LSVT LOUD began in the late 1980s
at a time when no behavioural speech treatments
had been identified in the literature to ameliorate
voice and speech disorders for people with Parkin-
son disease. Initial data reported in 1988 by Ramig
et al. [30] established the LSVT LOUD treatment
protocol. LSVT LOUD consists of exercises to train
increased amplitude of motor output (vocal loud-
ness as measured by increased vocSPL) as well as
training individuals to monitor vocal loudness and
relearn a new internal cue for scaling amplitude of
motor output. Training increased vocal loudness
(i.e. speak louder) serves as a single motor organizing
theme that coordinates effort across multiple speech
production subsystems that may be impaired [31].

LSVT LOUD is unique in its intensive and high
effort mode of treatment delivery. This mode is
consistent with theories of motor learning and
principles that drive activity-dependent neuroplas-
ticity, both of which may be important for long-
term carryover and generalization of improved
vocal loudness to functional communication out-
side of the treatment room [32]. In addition, LSVT
LOUD is unique because it addresses sensory kines-
thetic and internal cueing deficits that can be
barriers to carryover and generalization of treatment
effects for people with Parkinson disease. People
with Parkinson disease relearn a new internal cue
for the amount of effort they need to produce for
normal loudness and are recalibrated to their
sensory perception of this loudness to recognize it
is within normal limits [31,33].

The LSVT LOUD protocol has been described in
detail in previously published research [34,35]. In
brief, it consists of 16 individual 1-h sessions admin-
istered four times a week for 4 weeks and daily
homework and carryover activities every day of
1068-9508 Copyright � 2015 Wolters Kluwer Health, Inc. All rights rese
the month and is continued daily throughout
life. The treatment incorporates materials that are
salient to individual patients. This means that
although the exercises and mode of delivery are
consistent in all LSVT LOUD treatment sessions,
speech materials are customized to address indivi-
dual goals for improved vocal loudness in each
patient’s daily functional communication.
RESEARCH OUTCOMES ON LSVT LOUD

The initial randomized control trial (RCT) compared
two treatments designed to improve loudness: one
treatment focused on voice and the other treatment
focused on increasing respiratory support for
speech. Those treatments were matched for inten-
sity of treatment within the treatment session (i.e.
number of task repetitions, driving of motor effort,
reinforcement from speech clinicians) and in treat-
ment dosage including homework and carryover
assignments. Evaluations were conducted immedi-
ately before treatment, immediately following
treatment and at 6, 12 and 24 months after the
completion of treatment. The primary outcome
variable in this study was vocSPL. The data showed
that intensive voice treatment (LSVT LOUD) was
more effective in improving vocSPL than the respira-
tory treatment [36

&&

].
In another RCT, LSVT LOUD was compared with

an untreated group of people with Parkinson disease
and an age and sex-matched healthy control group.
The groups were evaluated immediately before treat-
ment, immediately after treatment and 6 months
after treatment completion. The outcomes of this
study also demonstrated statistically significant
improvements in vocSPL for people who received
LSVT LOUD compared with an untreated group.
Across both of these studies, effect sizes were larger
than 0.80 for the primary outcome variable of
vocSPL indicating that the change was also clinically
significant [37

&&

].
Importantly, increased vocal loudness was docu-

mented posttreatment with no evidence of increas-
ing supraglottic hyperfunction, and in one study, a
decrease in pretreatment supraglottic false fold and
anterior posterior hyperfunction was documented
post treatment [38]. Findings from a group study by
Smith et al. [14] using laryngostroboscopic assess-
ment documented improved glottal closure with
no change in supraglottal tension following LSVT
LOUD. These findings suggest that phonatory effort,
which is targeted in LSVT LOUD, results in healthy
vocal fold adduction without laryngeal hyper-
function. In contrast, de Swart et al. [39] claimed
adverse effects of increasing loudness in Parkinson
disease. These researchers asked patients to ‘speak
rved. www.co-otolaryngology.com 211
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loud/shout’ during one 30-min stimulability session
and concluded that pressed voice and excessive
strain accompanied LSVT LOUD. The use of LSVT
LOUD or ‘LSVT’ in the de Swart et al. article is
incorrect. Pressed voice and strain are never the
behaviours elicited or trained during the 16 sessions
of LSVT LOUD. Increased loudness is what the per-
son with Parkinson disease may feel when increas-
ing vocal effort; healthy, normal loudness is what
Table 1. Summary of research outcome data following LSVT LOU

Primary Outcome Variable Data documenti
Acoustic:

Improved vocSPL • [33]Ramig, Count
Countryman, O’B
al, 2001;  [37]Ram
Kwan, Lee , Chow

Associated Outcome
Variables

Data documenting 

Additional acoustic variables:
Improved rate; slower 

Improved F0 variation (Pitch);
Reduced monotone

Improved articulation;
Larger vowel space area

Improved formant centralization 
ratio

Improved articulatory acoustics

• [33]Ramig, Count

• [36]Ramig, Sapir,
Lemke, Horii, 199

• [7]Sapir, Spielma
 
 
• [44]Sapir, Ramig,

• [45]Dromey, Ram
Perceptual:
Listener ratings

Improvement in voice quality
Less harsh and breathy

Better voice quality

Improved speech intelligibility

Family and self ratings
Improved ratings of 
communication characteristics 

• [6]Baumgartner, 
 

• [46]Sapir, Ramig,
 
• [47]Cannito, Suit
 
 
• [33]Ramig, Coun

Physiologic:
Improved vocal fold adduction 
with no increase in laryngeal 
tension

Direct visualization

Electroglottography

More efficient swallow

Improvement in maximum 
capacity tongue function

• [48]Smith, Ramig
Ramig, Smith, 199
 

• [49]Ramig, Drom
 
• [50]El-Sharkawi, R

• [51]Ward, Theod

Aerodynamic:
Improved subglottic air pressure • [49]Ramig, Drom
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the speech clinician elicits and shapes in terms of
actual vocal output. Extensive data at physiological,
aerodynamic, acoustic and perceptual levels [6,14,
38,40,41] support the lack of any strain or hyper-
function accompanying increased vocal loudness in
Parkinson disease.

Data demonstrating associated treatment out-
comes have been reported across a range of variables
at perceptual, acoustic, aerodynamic, physiologic
D

ng treatment outcomes following LSVT LOUD

ryman, Thompson, Horii, 1995; [35]Ramig, 
rien, et al, 1996; [36]Ramig, Sapir, Countryman, et 

ig, Sapir, Fox, Countryman, 2001; [42]Whitehill, 
, 2011.  

treatment outcomes following LSVT LOUD

ryman, Thompson, Horii, 1995

 Countryman, et al, 2001; [43]Ramig, Bonitati, 
4; [42]Whitehill, Kwan, Lee , Chow, 2011

n, Ramig, Story, Fox, 2007 

 Spielman, Fox, 2010

ig, Johnson, 1995  

Sapir, Ramig, 2001 

 Hoyt, et al, 2002 

er, Beverly, et al, 2012 

tryman, Thompson, Horii, 1995

, Dromey, et al, 1995; [38]Countryman, Hicks, 
7 

ey, 1996 

amig, Logemann, et al., 2002 

oros, Murdoch, Silburn, 2000

ey, 1996 
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Table 1. (Continued)

and MFDR

Improved respiratory kinematics • [52]Huber, Stathopoulos, Ramig, Lancaster, 2003 

Facial expression:
Improved frequency and 
variation of expressions

• [53]Spielman, Borod, Ramig, 2003; [54]Dumer, Oster, et al., 2014 

Neural:
Activation pattern changes in cortex 
and subcortical areas and right-
sided shift in activation

• [55]Liotti, Ramig, Vogel, et al., 2003; [56]Narayana, Fox, Zhang, et 
al., 2010 

Treatment Accessibility 

Primary outcome variable

Data supporting alternate modes of treatment

Increased vocSPL:
Telepractice
LSVT eLOUD™

LSVT Companion Software

Alternate treatment dosage
LSVT-X

• [57]Theodoros, Constantinescu, Russell, et al, 2006; 
[58]Constantinescu G, Theodoros D, Russell T, et al, 2011; 
[59}Howell, Tripoliti, Pring, 2009; [60]Theodoros, Ramig, 2011  

• [61]Halpern, Ramig, Matos, et al., 2012 

• [62]Spielman, Ramig, Mahler, Halpern, Petska, 2007 
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and neural levels accompanying training increased
vocSPL and are summarized in Table 1 [7,33,35,
36

&&

,37
&&

,42–53,54
&

,55–57].
In addition, research studies examining treat-

ment outcomes for people with atypical Parkinson-
ism [63,64] and those who have received deep brain
stimulation [65,66] show a positive impact of LSVT
LOUD on voice and speech variables, although these
patients may be more challenging to treat [65].
MAKING LSVT LOUD MORE ACCESSIBLE

More recent research has been conducted to evalu-
ate the incorporation of technology to make treat-
ment more accessible to people with Parkinson
disease. Several studies have examined the feasi-
bility of telerehabilitation with LSVT LOUD and
found that treatment outcomes were similar to
administration of treatment wherein all sessions
were conducted in person [57–60]. These studies
support the feasibility and effectiveness of online
administration of LSVT LOUD for people with
Parkinson disease after an initial evaluation in per-
son to determine candidacy for treatment. Another
study was recently completed assessing the feasi-
bility and effectiveness of an assistive technology
system called the LSVT Companion, a U.S. Food
and Drug Administration (FDA)-approved medical
device [61

&

]. People with Parkinson disease received
nine LSVT LOUD sessions in person with a speech
1068-9508 Copyright � 2015 Wolters Kluwer Health, Inc. All rights rese
clinician and seven using the LSVT Companion at
home on their own. Outcome data demonstrated
that all 16 participants had comparable gains in
vocSPL immediately posttreatment and at 6 months
follow-up as compared with data of people with
Parkinson disease who received all 16 sessions in
person.
RECOMMENDATIONS FOR BEST CLINICAL
PRACTICE

Today, LSVT LOUD is the most researched treatment
for people with Parkinson disease and has been
shown to be an effective behavioural treatment of
voice and speech disorders associated with Parkin-
son disease. Speech clinicians must complete a train-
ing and certification course to administer the LSVT
LOUD protocol. This training is required to main-
tain treatment fidelity of LSVT LOUD, thus allowing
people with Parkinson disease to expect treatment
outcomes similar to those documented in the
research. As of publication of this article, there are
over 14 000 clinicians certified in LSVT LOUD in
62 countries.

Voice and speech symptoms have been reported
to occur very early in the diagnosis of Parkinson
disease and models of the physiology suggest that
changes in the nervous system underlying voice and
speech disorders begin long before the onset of symp-
toms [10–12,24

&

]. Therefore, it is recommended that
rved. www.co-otolaryngology.com 213



Voice and speech treatment
people with Parkinson disease receive LSVT LOUD
soon after diagnosis to obtain the maximum benefit
from the treatment for the greatest possible length
of time.

It is further recommended that each patient
receives a laryngeal evaluation by an otolaryngolo-
gist prior to initiation of treatment as part of best
practice to confirm a diagnosis of voice changes
secondary to Parkinson disease and eliminate the
possibility of vocal fold disease other than that
associated with Parkinson disease such as gastro-
esophageal reflux disease or unilateral vocal fold
paralysis.
CONCLUSION

The cumulative evidence from treatment efficacy
studies of LSVT LOUD provides support for imple-
mentation of behavioural treatment of voice and
speech deficits resulting from Parkinson disease. The
studies reviewed in this article provide evidence for
long-lasting effects of treatment following LSVT
LOUD and the data demonstrate distributed effects
of treatment to acoustic, perceptual, physiologic,
aerodynamic, facial expression and neural control
variables. The ability to communicate is essential to
quality of life. Our future research will continue to
work to improve treatment outcomes and under-
stand the basic mechanisms accompanying treat-
ment-related change.
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