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Abstract

This clinical report presents real-world clinical data on the use of Lee Silverman voice treatment

(LSVT LOUD) to improve the communication of one preschooler and one young adult with cerebral
palsy. Each client received LSVT LOUD per protocol with 16 individual 1-hour-long therapy sessions,
fourtimes per week over a period of 4 weeks. Standard LSVT LOUD acoustic measures that included
average vocal intensity during sustained vowel phonations and sentence repetitions and maximum
duration of sustained vowel phonations were collected pre- and posttreatment. LSVT LOUD and our
own perceptual ratings were also used to assess treatment effects from the caregivers’ (and teacher’s)
perspective on speech, voice, and commmunicative participation. Our clinical findings revealed
significant posttreatment increases in average vocal intensity during sustained vowel phonations for
both clients and during sentence repetitions for the preschooler. Follow-up data from the young-adult
client collected 3 and 20 months posttreatment revealed gains in average vocal intensity that were
maintained well beyond the end of treatment. Our clinical findings also revealed significant increases in
nmaximum duration of sustained vowel phonation pre- to posttreatment for the preschooler only. For
the young adult, significant differences were found between pretreatment and the 20-month follow-
up data. Perceptual ratings revealed improvements in communicative effectiveness, participation, and
speech (for both clients) and velopharyngeal function (for the young adult) posttreatment. Combined,
these clinical findings demonstrated to us the potential of our clients to increase their coommunicative
abilities to be heard and understood well beyond what we thought were their clinical boundaries.
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Abrégé

Le présent article clinique rapporte des données cliniques « réelles » relatives a I'utilisation du
protocole Lee Silverman voice treatment (LSVT LOUD) pour améliorer la conmunication d’'un enfant
d'age préscolaire et d'un jeune adulte ayant une paralysie cérébrale. Conformément au protocole
LSVT LOUD, chaque patient a regu 16 thérapies individuelles d'une durée d'une heure a raison de 4
séances par semaine sur une période de 4 semaines. Les mesures acoustiques standard du protocole
LSVT LOUD, quiincluaient I'intensité vocale moyenne de phonations soutenues et de phrases
répétées et la durée maximale de phonations soutenues, ont été recueillies pré- et post-traitement.
Une mesure perceptuelle suggérée dans le protocole LSVT LOUD et des mesures perceptuelles
fréquemment employées dans nos milieux cliniques ont également été utilisées pour évaluer 'effet de
I'intervention pergu par I'entourage des patients sur la parole, la voix et la participation communicative.
Nos données cliniques ont révélé une augmentation significative de I'intensité vocale moyenne des
phonations soutenues post-traitement pour les deux patients et de l'intensité vocale moyenne des
phrases répétées pour I'enfant d'age préscolaire. Les données de suivi du jeune adulte recueillies 3

et 20 mois post-traitement ont révélé que les gains sur le plan de l'intensité vocale moyenne se sont
maintenus bien au-dela de la fin du traitement. Nos données cliniques ont également révélé une
augmentation significative de la durée maximale des phonations soutenues post-traitement pour
I'enfant d'age préscolaire seulement. Pour le jeune adulte, une augmentation significative de la durée
maximale des phonations soutenues a été constatée entre les données recueillies prétraitement et
celles recueillies 20 mois post-traitement. Les mesures perceptuelles ont révélé des améliorations
post-traitement au niveau de |'efficacité de la communication, de la participation communicative et
dela parole (pour les deux patients), ainsi qu’au niveau de la fonction vélopharyngée (pour le jeune
adulte). L'ensemble de nos résultats cliniques nous ont montré que nos patients ont le potentiel
d’'améliorer leurs habiletés de commmunication pour étre entendus et compris bien au-dela de ce que
nous pensions étre leurs limites cliniques.
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Clinical Context

Cerebral palsy (CP) is a heterogeneous group of
permanent impairments in motor function caused by
nonprogressive lesions or abnormalities in the developing
brain at any time from pregnancy through early childhood
(Rosenbaum et al., 2007). It is one of the most common
causes of neurodevelopmental motor disabilities,
affecting approximately 0.21% of children born worldwide
(Oskouietal, 2013). Dysarthria resulting from disruptions
in respiratory, phonatory, articulatory, prosody and/or
velopharyngeal processes is the most common motor
speech disorder in individuals with CP (Mei et al., 2020).
Audible inspirations, monotone pitch, reduced loudness
variation, harsh voice, imprecise consonant and vowel
articulation, prolonged phonemes, short phrases, reduced
rate, reduced stress, prolonged intervals between words or
syllables, hypo- and/or hypernasality often characterize the
speech of persons with CP (Mei et al,, 2020; Nordberg et al.,
2014; Scholderle et al., 2016; Workinger &Kent, 1991). These
impairments reduce the intelligibility of words in isolation,
sentences, and/or discourse (Hustad, 2007; Hustad et al.,
2012,2019; Mei et al., 2014, 2020), even when the severity
of the dysarthria is mild to moderate (Hustad, 2007; Mei
etal, 2020). Impaired communication consequent to
CPand reduced intelligibility may negatively impact the
ability of individuals with CP to express their needs, to start
and maintain conversations, and to develop friendships
(Connaghan etal,, 2022; Mei et al., 2015; Pennington
&McConachie, 2001), resulting in social isolation and
reduced independence (Connaghan et al., 2022; Mei et al.,
2014). These communicative impairments may also create
behavioural issues related to an individual's frustration with
communication breakdowns (Mei et al., 2015).

As speech-language pathologists in a large pediatric
hospital system in Montréal, Québec, we regularly see
children and young adults with these communicative
impairments and the social consequences of dysarthria
consequent to CP. We evaluate and treat individuals from O
to 21years of age in our hospital, rehabilitation centre, and
specialized schools (Centre de réadaptation Marie-Enfant
du Centre hospitalier universitaire Sainte-Justine, 20153,
2015b, 2019). Our typical clinical approaches with these
individuals have been traditional motor speech treatments
that target one speech subsystem at a time (Hustad, 2010;
Love, 2001; Workinger, 2005) and articulation treatments
that focus on facilitating the acquisition of new phonemes
and syllable structures in a hierarchical manner using
external, multimodal feedback (visual, auditory and/or
tactile cues; Hustad, 2010; Love, 2001). Both of these
types of traditional therapies are given with a low intensity
mode of treatment. Our typical approach has also included

compensatory communication strategies such as the use
of augmentative and alternative communication systems
(Hustad, 2010) as needed.

As part of our regular clinical practice, we probe the
available research literature to determine the availability of
evidence-based treatments to improve the communication
abilities of the individuals with CP seen in our clinical
facilities. Prior to the case studies presented in the
current report, an informal review of this literature drew
our attention to three treatment approaches: the speech
systems approach by Pennington et al. (2006, 2010, 2013,
2018, 2019), Lee Silverman voice treatment (LSVT LOUD) by
Boliek, Fox, and colleagues (Boliek & Fox, 2014, 2017; Ertan
etal, 2022; Fox &Boliek, 2012; Langlois et al., 2020; Levy
etal, 2013; Moya-Galé et al., 2022; Reed et al,, 2017), and
the speech intelligibility treatment approach by Levy and
colleagues (Carl et al, 2022; Levy et al,, 2021; Moya-Galé et
al, 2021).

Ofthese three treatment approaches, LSVT LOUD
appeared to be the most promising for our specific clinical
context for several reasons. First, the standardized protocol
and well-established training and certification process
provided all of the necessary information/documentation
and online support needed to implement the protocol
within our own clinical environments. Second, LSVT LOUD's
low task complexity and low cognitive load using a single
treatment focus on vocal loudness (Fox & Boliek, 2012)
appeared to be ideal for our clients with CPwho, similarly
towhat has been reported in the literature (Gabis et al,,
2015; Mei et al,, 2020), frequently have concomitant lower
intellectual functioning and/or language difficulties. Third,
and in contrast to the speech intelligibility treatment that
is delivered in a camplike environment (Carl et al., 2022;
Levy etal, 2021; Moya-Galé et al,, 2021), LSVT LOUD'’s
60-minute, individual treatment sessions, 4 days per week,
for 4 weeks was more easily implemented in our clinical
context. Finally, we were encouraged by the promising
results of the application of LSVT LOUD in driving the
neuroplasticity potential of individuals with dysarthria
consequent to CP (Bakhtiari et al., 2017, Reed et al., 2017)
to improve their speech production abilities (Bakhtiari
etal, 2017; Boliek & Fox, 2014, 2017; Ertan et al., 2022;

Fox &Boliek, 2012; Langlois et al., 2020; Levy et al., 2013;
Moya-Galé et al., 2022; Reed et al,, 2017). These findings
were in turn supported by the extensive clinical-research
literature of the successful application of LSVT LOUD to
other adult and pediatric populations, including Parkinson
disease (for which it was initially designed; Ramig et al.,
2018; Ramig, Sapir, Countryman, et al.,, 2001; Ramig, Sapir,
Fox, & Countryman, 2001), Parkinsonian plus syndromes
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(Countryman et al., 1994), adults without neurological
disease orvoice disorders (Ramig, Gray, et al., 2001), stroke
(Mahler &Ramig, 2012; Mahler et al., 2009; Wenke et al.,
2008, 2010), traumatic brain injury (Wenke et al., 2008,
2010), multiple sclerosis (Baldanzi et al., 2022), ataxia
(Lowitetal., 2020; Sapiret al,, 2003), Down syndrome
(Boliek et al., 2022; Langlois et al., 2020; Mahler &Jones,
2012), and autism (Galgano et al., 2021).

Theinitial application of LSVT LOUD with individuals
with CPwas by Fox and Boliek (2012). They recruited five
children with spastic CP between 5 and 7 years of age for
an exploratory study. Four individuals were treated with
LSVT LOUD, and a nontreated child acted as control.
Despite some differences in the clinical findings of their
participants, significant gains posttreatment were found
on at least one of the acoustic measures of duration,
frequency range, intensity, or harmonics-to-noise ratio in all
four treated children.

Later studies amplified these results and revealed
that, although LSVT LOUD with individuals with CP targets
increased vocal loudness, its spread of effects extended to
voice quality, pitch range, speech intelligibility, articulatory
precision, and resonance (Boliek & Fox, 2014, 2017; Ertan et
al, 2022; Langlois et al., 2020; Levy et al,, 2013; Moya-Galé
etal, 2022; Reed et al,, 2017). Results of parental interviews
have also indicated that LSVT LOUD may improve functional
daily activities and social participation by helping individuals
with CPto be better understood, increasing their confidence
in their abilities to communicate orally, and enabling
them to gain a voice among the members of their family
by expressing their interests and wishes more frequently
(Boliek &Fox, 2017). Furthermore, and of particular
importance to our main therapeutic objectives (see below),
we became aware of the maintenance of treatment gains
in vocal intensity in individuals with CP following LSVT
LOUD for up to 4 months (Moya-Galé et al., 2022) and for
resonance up to 3 months (Boliek &Fox, 2017). Because we
are interested in the functional impact of our therapy, we
were also encouraged to learn of maintenance of gainsin
sentence intelligibility up to 3 months (Langlois et al., 2020)
and social participation up to 6 weeks (Fox &Boliek, 2012;
but see lack of maintenance of single word intelligibility in
Boliek &Fox, 2017, and Langlois et al., 2020).

Based on this research literature, the well-defined
protocol and training process, and the applicability to our
clients and treatment centres, LSVT LOUD was selected
as the treatment protocol of choice, and the two treating
clinicians of the present report took the initiative to be
trained and certified in LSVT LOUD and to use LSVT LOUD in

their own clinical environment to treat the communicative
impairments of two of their clients with CP. Because to our
knowledge no case study had previously documented

the application LSVT LOUD in a nonresearch environment
and in daily clinical practice to treat the coommunicative
impairments associated with CP, we decided to document
the effectiveness of the clinical application of this treatment
approach using standard LSVT LOUD and our own clinical
measures. It is important to note that this clinical initiative
was not a research project. The success that was observed
encouraged us to share our clinical findings with the hope
that they might prove useful to other clinicians working in
similar clinical environments. The present clinical focus
article, therefore, presents real-life clinical data of the
application of LSVT LOUD with two individuals with CP, one
preschool-age client and one young adult who was receiving
school and therapeutic services in our clinical networkin the
province of Québec.

Clinical Approach

Sharing of Clinical Information

Clinical case studies are exempt from ethical review
and approval because they do not meet the definition of
research (K. Sénécal [Advisor for Research Ethics at the
Université de Montréal], personal communication, April 3,
2020). They do, however, require written consent to share
clinical information, and such permission was received from
the mother of Client 1 (the preschool-age client) and from
Client 2 (the young adult).

Client Characteristics and Therapeutic Objectives

Client 1

Client1was a 5-year-old girl with the medical diagnosis
of mixed (spastic quadriparesis and dystonic) CPrelated
to hypoxic ischemic encephalopathy and a Gross Motor
Function Classification Systems score of lll (Palisano et al.,
1997). The client was receiving rehabilitation services at the
Centre de réadaptation Marie-Enfant (the rehabilitation
centre affiliated with the Centre hospitalier universitaire
Sainte-Justine in Montréal, Québec) with various healthcare
professionals, including speech-language pathologists
and physical and occupational therapists, since 1year of
age. Audiological evaluation reported normal hearing. The
client was bilingual in French and Spanish. Intervention was
provided in French.

Although the client’s receptive language abilities were
age-appropriate, expressive language abilities were very
limited (e.g, use of short and simple sentences, limited
conversational topics). The client was identified as having
moderate-to-severe dysarthria by the treating clinician
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using the Functional Communication Measures of the
American Speech-Language-Hearing Association (1997).
The specific type of dysarthria was later identified by another
speech-language pathologist as being spastic dysarthria.
Clinical evaluation revealed poor respiratory-phonatory
coordination, weak and sometimes tense voice, articulatory
inaccuracies, lip and tongue movement incoordination, and
movement execution delays. These speech characteristics
resulted in inappropriate pauses within words and
sentences, slow and effortful speech, imprecise articulation,
and communication breakdowns with conversational
partners. Uncontrolled movements of the head and arms
during speech were also observed. This client was not
responding well to traditional speech treatments.

The primary therapeutic objectives for this client were
toincrease vocal loudness and speech intelligibility and to
improve communication with peers.

Client2

Client 2 was a 19-year-old French-speaking male with
a medical diagnosis of spastic quadriparesis CPand a
Gross Motor Function Classification System score of
Il (Palisano et al.,, 1997). At the time of the treatment,
the client was enrolled in a special education program
at the Ecole Joseph-Charbonneau, a specialized high
schoolin Montréal for children, teenagers, and young
adults aged 12 to 21 years with motor disorders. The client
was also receiving rehabilitation services from speech-
language pathologists and physical and occupational
therapists on site through a service agreement with the
Centre hospitalier universitaire Sainte-Justine. Individuals
with special needs, such as those with CP, can attend
specialized schools until the age of 21in the province of
Québec. Audiological evaluation reported normal hearing,
and receptive and expressive language abilities were both
judged functional for daily life activities. Speech-language
pathology evaluation of this client revealed moderate
spastic dysarthria and velopharyngeal incompetence with
mild-to-moderate hypernasality, imprecise articulation,
and breathy and mildly hoarse voice. Inappropriate pauses
within sentences, slower rates of speech, production of
inaudible word segments, and communication breakdowns
in some contexts and/or with some conversational
partners were common. Although educational reports
indicated that the client had learning disabilities, cognitive
abilities were functional for daily life activities.

This client had previously received traditional speech
treatments and was responsive to treatment, but the
results were limited, and no generalization was observed
outside of treatment.

The client had consistent school attendance, showed
strong involvement in studies and rehabilitation services, and
had a strong motivation to improve communication abilities.
Further, this client was shown to be stimulable forincreased
vocal loudness and improved articulation prior to treatment
when asked to use a loud voice in the stimulability tasks
of LSVT LOUD (i.e,, a sustained vowel /a/ phonation task,
amaximum high and low phonation task, and a functional
sentence repetition task). All of these suggested that the
client was a good candidate for LSVT LOUD. In addition,
the client was approaching graduation, which meant a
discontinuity in rehabilitation services, and the treating
speech-language pathologist was motivated to provide an
intensive, end-of-treatment approach for this client.

The therapeutic objectives for this client were to (a)
increase vocal loudness, (b) improve speech intelligibility
in daily life, and (c) reduce velopharyngeal incompetency
through the potential distributed effect of LSVT LOUD
across the speech production systems (Boliek &Fox, 2017;
Foxetal,2006). In all treatment sessions, the client was
seated in a manually operated wheelchair (wheels locked)
and was wearing his lumbar corset designed to slow the
progression of scoliosis.

Treatment
Assessment of Vocal Medical Status Prior to Treatment

Although the verification of potential vocal fold
pathology through otorhinolaryngologic examination
(videolaryngostroboscopy) is standard research and clinical
practice prior to beginning LSVT LOUD in adult patients
such as those with Parkinson disease (e.g., Ramig et al.,, 2018;
Ramig, Sapir, Countryman, et al., 2001), this procedure is
inconsistent in the research literature on the application
of LSVT LOUD in patients with CP. Two studies mentioned
that an otorhinolaryngologic exam was used to rule out
vocal pathology prior to LSVT LOUD (Ertan et al., 2022; Fox
&Boliek, 2012), two indicated that the assessment of vocal
pathology was gained from medical chart reviews (Boliek &
Fox, 2017; Reed et al.,, 2017), one did not specify how vocal
pathology was ruled out (Langlois et al.,, 2020), and four did
not indicate that vocal pathology was assessed or ruled
out prior to treatment (Bakhtiariet al., 2017; Boliek & Fox,
2014; Levy et al,, 2013; Moya-Galé et al,, 2022). Our clinicians
verified the absence of vocal fold pathology from medical
chart review and discussions with each client’s medical
team prior to beginning LSVT LOUD treatments.

LSVTLOUD

The LVST LOUD protocol was administered to both
clients by their own licensed speech-language pathologist
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(contributing authors to this report) certified in LSVT LOUD.
As specified in the LSVT LOUD protocol, each client received
16 individual 1-hour long therapy sessions, four times per
week over a period of 4 weeks. The first half of each session
consisted of three tasks: (a) repetitions of maximum
duration of a sustained vowel, (b) repetitions of maximal
frequency range, and (c) repetitions of 10 functional phrases/
sentences. This was followed by speech hierarchy exercises
that changed daily and progressed to more challenging goals
both in length and complexity and that were individualized
foreach client. Throughout all the exercises, the focus was
on maintaining a loud, good quality voice (i.e., normal, healthy
vocal loudness). Clients also practised their voice/speech
exercises at home once a day on treatment days and twice
a day on nontreatment days. Further they were encouraged
to perform a functional carryover exercise every day of the
treatment month. The parents of Client 1 (the preschool-age
client) reported that their child completed these exercises
two or three times a week (on days without treatment
sessions), whereas Client 2 (the young adult client) self-
reported completing them every day.

The functional phrases and tasks (such as the exercises
practised at home) differed between the two clients
given their difference in age. Measurement procedures
and clinical measures used to determine the impact of
LSVT LOUD on communication abilities also differed
slightly between the two clients, as the speech-language
pathologists used the resources and technologies available
tothem in their respective clinical environments.

Medication During Treatment

Medical chart review revealed that Client 1 received
trinexyphenidyl (Artane) consistently during the course
oftreatment, but the dose was not specified in this
client’s medical records. Client 2 received 35 mg of
Baclofen each day and this was maintained during the
course of treatment.

Technologies Used to Monitor Clinical Progress and
Collect Pre- and Posttreatment Acoustic Data

Client 1

The treating speech-language pathologist used the LSVT
Companion, a software/hardware system that provides
calibrated values of vocal intensity (in dB SPL), duration (in
seconds), and frequency (in Hz), to monitor clinical progress
during LSVT LOUD treatment (Halpern et al., 2012) and to
collect pre- and posttreatment acoustic data. Recording
was performed using the standard clinical procedure
detailed in the user manual and a constant mouth-to-
microphone distance of 30 cm.

Client2

Because the treating speech-language pathologist did
not have access to a LSVT Companion, she used the Voice
Analyst application (version 2.21) that was running on an
iPad Air (MD785C/A model) to monitor clinical progress
and provide feedback during LSVT LOUD treatment and
to collect pre- and posttreatment acoustic data. This
application provides uncalibrated values of vocal intensity
(inuncalibrated dB SPL), duration (in seconds), and
frequency (in Hz). The iPad on which the Voice Analyst
application was running was supported by an easel during
data acquisition to ensure stability, visibility of the screen (to
both the client and the speech-language pathologist), and
a constant mouth-to-microphone distance of 30 cm within
and across all treatment sessions.

Clinical Measures and Analyses

Acoustic Measures

Client 1. Standard LSVT LOUD clinical pre- and
posttreatment acoustic measures were taken the day
before the first day of treatment and the day after the last
day of treatment. The treatment acoustic measures were
average vocal intensity (in dB SPL) and maximum duration
(in seconds) during six repetitions of the sustained /a/
phonation task, and average vocal intensity (in dB SPL)
during a sentence repetition task containing twelve different
sentences. These are standard acoustic measures in LSVT
LOUD, and they have also been used in research projects to
determine the impact of LSVT LOUD on the speech abilities
of individuals with CP (Boliek & Fox, 2014; Ertan et al.,, 2022;
Fox &Boliek, 2012; Moya-Galé et al., 2022).

Although increased maximal frequency range was
treated, these data did not provide a reliable clinical
measure as the clinician was required to continually model
this task at the same time as the client produced the task,
and thus, the acoustic data were contaminated.

To summarize the clinical acoustic measures and
to provide a statistical measure of gains, if any, means
and standard deviations were calculated pre- and
posttreatment and compared statistically using paired
t tests (Boliek &Fox, 2014). Pvalues below .05 were
considered statistically significant (Boliek & Fox, 2014, 2017,
Fox &Boliek, 2012). All statistical analyses were performed
with SPSS (Version 27).

Client 2. Standard LSVT LOUD clinical pre- and
posttreatment acoustic measures were taken 11 days
preceding the first day of treatment and on the last day of
treatment, respectively. The treatment acoustic measures
were average vocal intensity (in uncalibrated dB SPL) and
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maximum duration (in seconds) during six repetitions of
the sustained /a/ phonation task, highest fundamental
frequency (FO; in Hz) during six repetitions of the high
sustained /a/ phonation task, and lowest FO (in Hz) during
six repetitions of the low sustained /a/ phonation task.
The same process as described for Client 1 above was
used to assess treatment gains, if any, in these pre- to
posttreatment acoustic data. Because this client was in a
school setting and thus available to the treating speech-
language pathologist for clinical follow up, measures from
the sustained phonation task (average vocal intensity and
maximum duration) collected under the same conditions
as pre- and posttreatment were also recorded at 3- and
20-month follow-up periods. Paired t tests were used

to compare pretreatment average vocal intensity and
maximum duration from the sustained phonation task to
data collected at the 3- and 20-month follow-up periods
(Boliek &Fox, 2014; Moya-Galé et al., 2022).

Although average vocal intensity during a sentence
repetition task was also measured the first and last day of
treatment, the clinician recorded only a mean across all the
sentences instead of an average vocal intensity for each
individual sentence and thus, no statistical comparisons
were completed for this task for this client.

Perceptual Measures

Client 1. In addition to the acoustic measures, two
clinical perceptual tools, one suggested by LSVT LOUD
protocol, and one often used in our standard clinical
practice, documented LSVT LOUD treatment impact
from the caregiver perspective. First, a French version
ofthe perceptual rating form from the LSVT LOUD
treatment materials was completed by the child’s mother
pre- and posttreatment. This form uses visual analogue
scales to evaluate 10 key aspects of voice, speech, and
communication. Specifically, and as described in Fox and
Boliek (2012), the child’s motheris asked to place a mark on a
horizontal line whose endpoints are defined as the extreme
limits of the voice/speech parameter of interest (e.g., always
loud enough to never loud enough). The rating of each of
these parameters is extracted from the visual analogue scale
by measuring the distance of the mark from the right limit
and by calculating the proportion of this distance to the total
distance between the two endpoints, and by converting
this proportion to a percentage. Each percentage indicates
the mother’s judgments of her child’s voice, speech, or
communication with a higher percentage indicating a
positive perceptual judgment. As in Fox and Boliek (2012),
the pre- to posttreatment difference in percent ratings for
each variable was used as an indication of treatment impact
for each of the voice/speech parameters of interest.

The child’s mother also completed the French version of
the Focus on the Outcomes of Communication Under Six
(FOCUS-34) questionnaire (Oddson et al,, 2019; Turcotte et
al.,, 2013/2016) pre- and posttreatment. This questionnaire
is avalid and reliable parent-report outcome measurement
tool that is designed to capture changes in commmunicative
participation over the course of treatment (Oddson et al.,
2019; Turcotte et al, 2013/2016). It includes 34 seven-point
Likert-scale questions about activities/capacities (e.g, “My
child uses new words,” “My child uses words to ask for things”)
and participation/performance (e.g,, “My child is included in
play activities by other children,” “My child can commmunicate
effectively with other children”). Responses to these
questions are summed to obtain a total score. Each total
represents the client’'s communicative participation status,
with a higher score representing better communicative
participation. The pre- to posttreatment FOCUS-34 total
score difference was calculated and compared to the
following published criteria: below 6 = absence of likelihood
of meaningful clinical change, between 7 and 10 = potential
meaningful clinical change, and above 11 = significant clinical
change (Oddson etal., 2019).

Client 2. The client’'s mother and class teacher (who
taught the client several subjects during the week)
completed a French version of the perceptual rating
form from the LSVT LOUD treatment materials pre- and
posttreatment. Details of this form were provided in the
description of perceptual measures for Client 1. The same
analyses as described previously for Client 1were used to
determine the impact of LSVT LOUD on speech, voice, and
communication characteristics.

Perceptual estimates of the adequacy of the
velopharyngeal function and its articulatory impact were
also performed pre- and posttreatment by the treating
clinician using the Universal Parameters Ratings for
Reporting Speech Outcomes in Cleft Palate (Henningsson
etal, 2008; John etal,, 2006). This rating tool that we
regularly use in our clinical practice has been developed
to standardize the perceptual evaluation of speech
characteristics of children with cleft palate and is also used
forthe assessment of resonance disorders (American
Speech-Language-Hearing Association, n.d.). It includes the
ratings of five universal speech parameters (hypernasality,
hyponasality, nasal air emissions and/or nasal turbulence,
consonant production errors, voice disorders) and two
global speech parameters (speech understandability
and speech acceptability). The hypernasality, speech
understandability and speech acceptability parameters are
rated on a scale from O to 3 (O = within normal limits,
1=mild, 2 = moderate, 3 = severe). The hyponasality, nasal
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air emission and/or nasal turbulence, consonant production
errors and voice disorder parameters are rated as O (within
normal limits) or 1 (present). The nasal air emission and/

or nasal turbulence and consonant production errors
parameters also include descriptors of frequency or type

of errors. The perceptual evaluation was performed during

a sentence repetition task containing 18 sentences (14 with
words with oral sounds only and 4 with coarticulation of oral
and nasal sounds). The characteristics of the sentences
followed the guidelines of speech sample contexts and
principles listed in Henningsson et al. (2008). A plastic

tube with one end placed at the entrance of the client’s
nostril and the other near the clinician’s ear was used to
estimate hypernasality and/or nasal emissions during the
sentence repetitions. This “listening tube,” as described by
Kummer (2011), is used clinically to detect inappropriate
acoustic energy escaping through the nasal cavity during the
production of oral sounds.

Clinical Findings
Acoustic Measures

Client1

Presented in Figure 1 are the pre- and posttreatment
means and standard deviations of average vocal intensity
and maximum duration from the six repetitions of the
sustained vowel phonation task. Average vocal intensity
increased from 68.3 dB SPL (SD =2.2 dB SPL) pretreatment

to 76.9 dB SPL (SD =2.0 dB SPL) posttreatment and
maximum duration increased from 4.1s (SD=255)
pretreatment to 8.0 s (SD = 2.1s) posttreatment. Paired

t tests revealed that these increases were statistically
significant (average vocal intensity: t(5) = -8.189, p <.001;
maximum duration: t(5) = -3.845, p =.012).

Presented in Figure 2 are the pre- and posttreatment
means and standard deviations of average vocal
intensity from the repetitions of the twelve sentences
of the sentence repetition task. These values also
increased significantly from 654 dB SPL (SD=1.8dB
SPL) pretreatment to 73.0 dB SPL (SD=2.1dB SPL)
posttreatment (t(11) = -9.297, p <.001).

Client2

Presented in Figure 3 are the means and standard
deviations of average vocal intensity and maximum
duration from the six repetitions of the sustained
phonation task at pre-and posttreatment and at the 3- and
20-month follow-up periods. Also shown are the means
and standard deviations of the highest and lowest FO from
the six repetitions of the high and low phonation tasks at
pre- and posttreatment. As seen in Figure 3, average vocal
intensity was 67.9 dB SPL (SD =1.6 dB SPL) pretreatment,
74.3dB SPL (SD =14 dB SPL) posttreatment, 74.8 dB SPL
(SD =0.8dB SPL) at the 3-month follow-up period, and 78.3
dB SPL (SD =0.8dB SPL) at the 20-month follow-up period.
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average vocal intensity and (B) maximum duration from the six repetitions of the sustained phonation task. Also shown are
the pre- and posttreatment means and standard deviations of (C) highest and (D) lowest FO from the six repetitions of the
high and low phonation tasks, respectively

Paired t tests were used to compare average vocal intensity
pretreatment to posttreatment and pretreatment to the
3-month and 20-month follow-up periods. Significant
increases in average vocal intensity were observed pre- to
posttreatment (t(5) = -11.355, p < .001) and pretreatment
to 3-month (¢(5) = -8.990, p < .001) and 20-month

(t(5) = -13.795, p < .001) follow-up periods. Maximum
duration of sustained phonationwas 6.0s (SD=1.25s)
pretreatment, 7.0 s (SD =1.7 s) posttreatment, 6.5 s

(SD =1.9 s) at the 3-month follow-up period and 8.3 s

(SD =1.0 s) at the 20-month follow-up period. The only
significant difference in these phonation times was
between pretreatment and the 20-month follow-up period
(t(5) = -4.108, p = .009). Significant differences were found
between pre- (176 Hz, SD = 8 Hz) and post-

(191 Hz, SD = 8 Hz) treatment highest FO (t(5) = -2.948,

p =.032) and between pre- (150 Hz, SD =13 Hz) and post-
(126 Hz, SD =10 Hz) treatment lowest FO (t(5) = 6.986,

p <.001). Neither highest or lowest FO was measured at the
3- or 20-month follow-up periods.

Note. FO = fundamental frequency.
*p<.05.**p<.001.
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Presented in Figure 4 are the pre- and posttreatment Perceptual Measures
means of average vocal intensity from the sentence Client 1
repetition task. As mentioned above, only means were
available for this task and thus, no statistical analyses LSVT LOUD Perceptual Rating Form. Presented in
were performed. Figure 5 are the pre- and posttreatment ratings by Client
1's mother of the 10 variables of the LSVT LOUD perceptual
Figure 4 rating form. As can be seen, the greatest improvements
in percent change pre- to posttreatment were seen
in “always speaks so others can understand” (37%),
%0 “always loud enough” (32%), “never a ‘shaky’ voice” (24%),
80 74 7 “never slurs” (23%), “‘never mumbles” (22%), “always
2 70 participates in a conversation” (22%), and “always starts a
é 60 conversation” (20%).
£ 550
g B 40 FOCUS-34 Questionnaire. The total score of the
> 5 30 FOCUS-34 questionnaire by Client 1's mother increased
g 20 from 87 pretreatment to 115 posttreatment, resulting in
Z a pre- to posttreatment difference score of 28. When
10 compared to the criteria of Oddson et al. (2019), this pre- to
0 Pretreatment Postireatment posttreatment difference score of 28 suggests a significant
clinical change in Client 1's communicative participation
Client 2’s means of average vocal intensity during the abilities following treatment.

sentence repetition task pre- and posttreatment
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Client 1’s pre- and posttreatment perceptual ratings by mother on 10 characteristics of voice, speech, and communication
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Note. The percentage of change (+ indicates improvement) pre- to posttreatment is indicated above the posttreatment bar.

pages 125-140

ISSN1913-2020 | www.cjslpa.ca

134



LSVT LOUD AND CEREBRAL PALSY

Canadian Journal of Speech-Language Pathology and Audiology (CJSLPA)

Client2

LSVT LOUD Perceptual Rating Form. Presented in
Figure 6 are the pre- and posttreatment ratings by Client
2's mother and teacher of the 10 variables of the perceptual
rating form. For the mother, the greatest improvements in
percent change pre- to posttreatment were seen in “always
starts a conversation” (49%), “always loud enough” (48%),
“always participates in a conversation” (43%) and “never
slurs” (32%). Forthe teacher, the greatest improvements
were seen in “always loud enough” (31%), “never monotone”
(21%), “never slurs” (19%) and “always starts a conversation”
(18%). Differences in percent change pre- to posttreatment
were observed between the mother (M) and teacher (T)
on three voice/speech variables: “never a hoarse, scratchy
voice” (M:18%; T: 2%), “never mumbles” (M:17%,; T: 2%),
and “always participates in a conversation” (M: 43%; T: 3%).
“Never a strained voice” was rated worse posttreatment by
the teacher (-36%).

Universal Parameters Ratings. Presented in
Figure 7 are the pre- and posttreatment ratings by
the clinician of the Universal Parameters Ratings.
Improvements were observed for the hypernasality and
speech acceptability parameters with both going from a
severerating (3) pretreatment to a moderate rating (2)
posttreatment. Speech understandability also improved
from a moderate rating (2) pretreatment to a mildrating
(1) posttreatment. Audible nasal air emission and/or nasal
turbulence was present pre- and posttreatment (rating of
1), but the frequency of this characteristic improved from
frequent pretreatment to intermittent posttreatment. The
parameters voice disorder and consonant production
errors remained at the same rating pre- to posttreatment
(1. The consonant production errors identified were
weak oral pressures and other oral misarticulations. The
parameter hyponasality was characterized as normal pre-
and posttreatment (rating of O).

Clinical Conclusions

Thisis the first report, to our knowledge, of clinical
case studies outside of a planned research investigation
ofthe application of LSVT LOUD in the treatment of the
communicative impairments associated with CPin two
individuals, a preschooler and a young adult. These clinical
findings add to the growing body of research literature
supporting the application of evidence-based treatments to
improve communication in pediatric and adult individuals
with CP (e.g., Boliek & Fox, 2014, 2017; Carl et al,, 2022; Ertan
etal, 2022; Fox &Boliek, 2012; Langlois et al., 2020; Levy
etal, 2013,2021; Moya-Galé et al,, 2021, 2022; Pennington
etal, 2006, 2010, 2013,2018, 2019; Reed et al., 2017). The
LSVT LOUD protocol was applied and standard acoustical

and perceptual measures were used to assess clinical
outcomes. Our clinical findings revealed that average vocal
intensity increased significantly pre- to posttreatment

in the sustained phonation task for both clients, and for
Client 2, for whom data were available, from pretreatment
to 3- and 20-month follow-up periods. These clinical
findings are generally similar to those of previous research
investigations of increased posttreatment average vocal
intensity for the sustained phonation task in individuals with
CP (Boliek &Fox, 2017; Ertan et al.,, 2022; Reed et al., 2017)
and maintenance of treatment impact at 3- (Boliek & Fox,
2017; Reed et al,, 2017) and 4-month follow-up (Moya-Galé
etal, 2022). Data from adults with Parkinson’s disease

also suggest that maintenance following LSVT LOUD can
be documented over a longer period of time, more than

12 months after treatment (Nakayama et al,, 2020; Ramig,
Sapir, Countryman, et al., 2001).

In Client 1 (forwhom data were available), average vocal
intensity also increased significantly pre- to posttreatment
forthe sentence repetition task, and these clinical findings
are also consistent with those of previous research studies
of children with CP (Boliek &Fox, 2017; Langlois et al., 2020;
Reedetal, 2017). Highest and lowest FO for the high and low
phonation tasks increased significantly pre- to posttreatment
for Client 2 (forwhom data were available) and these clinical
data are consistent with the increased FO range in adults
(Ertan et al. 2022; Moya-Galé et al, 2022) and children (Fox &
Boliek, 2012) after LSVT LOUD. No significant difference pre-to
posttreatment in FO range was observed in children with CPin
the Boliekand Fox (2017) study.

Maximum duration of the sustained vowel phonation
task increased significantly pre- to posttreatment for
Client1, but not for Client 2, despite a significant difference
between the pretreatment and the 20-month follow-up
data for this client. These differences between Clients 1and
2 in changes in maximum duration of sustained phonation
consequent to treatment may not be surprising given the
inconsistency observed in the research literature of the
impact of LSVT LOUD on this acoustic variable in individuals
with CP (i.e,, Boliek & Fox, 2017; Ertan et al,, 2022; Fox &
Boliek, 2012; Moya-Galé et al., 2022; Reed et al,, 2017). As
suggested previously (Boliek &Fox, 2014), it is possible
that our clients might have benefited from receiving LSVT
LOUD over a longer period of time to improve maximum
duration of sustained phonation. The significant difference
atthe 20-month follow-up period and not posttreatment
and at the 3-month follow-up period in Client 2 may be
related to the continuation of practice and application of
the strategies developed during treatment, as suggested by
Boliekand Fox (2017).
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The FOCUS-34 from the mother of Client 1indicated
significative improvements in the quality of, and
confidence in, communication pre- to posttreatment.
The perceptual ratings of the clients’ caregivers (and
teacher) are perhaps a more powerful indication of
clinical outcomes as they represent the complexities
of communication beyond isolated vocal intensity,
duration, and frequency measures. Taken together with
previous research findings (Boliek & Fox, 2017; Ertan et
al,, 2022; Fox & Boliek, 2012), we are highly optimistic
about the potential of LSVT LOUD to drive functional
communicative outcomes in at least some of our clients
with CP. We suggest that this might be of great interest to
clinicians working with individuals with CP given that their
ultimate therapeutic goal is to have an impact on real-life
communication abilities and to enhance participation
and integration in everyday lives (Centre de réadaptation
Marie-Enfant du Centre hospitalier universitaire Sainte-
Justine, 2015¢; MclLeod & Threats, 2008).

For Client 2, the young adult with CP, the teacher’s
ratings were consistently lower than those of the client’s
mother. One possible explanation is that the teacher has
been exposed to many students with various profiles and
severities of speech impairments, and perhaps the initial
characteristics of the client’s speech were judged less
severe and thus improvements would be potentially less
apparent posttreatment. The teacher also indicated that
vocal strain actually increased posttreatment. This seems
unlikely given that both clients were encouraged to use only
a healthy, good quality voice, and Boliek and Fox (2017)
reported improvements in acoustic measurement of voice
quality following LSVT LOUD. Increased vocal strain was
not observed by the treating clinician or mother outside
of the treatment sessions. It might be hypothesized that
the increase in vocal loudness made whatever vocal strain
may have been present even more salient to the teacher.
One could also argue that the mother’s greater familiarity
with the client’s voice and speech may have contributed to
differences in ratings between mother and teacher.

Improvements in velopharyngeal function and speech
adequacy after LSVT LOUD were also observed in Client
2. Hypernasality and nasal air emissions both decreased
posttreatment. Boliek and Fox (2014, 2017) attributed
improvements in speech articulation and velopharyngeal
function after LSVT LOUD to increased orofacial effort
and greater velopharyngeal muscle activation and
velopharyngeal closure. Perhaps similar mechanisms were
atplay in the improvements in velopharyngeal function and
speech articulation in Client 2 after LSVT LOUD.

In summary, the present clinical results have revealed
that LSVT LOUD positively impacted the commmunication of
a preschooler and young adult with CP outside of a planned
research study. Of course, this is a very small snapshot of
only two clients, but we believe that these clients are highly
representative of those we work with on a daily basis, so
we are optimistic that we might have similar treatment
gains with our future clients with CP. Although these
clinical findings are highly encouraging and consistent with
previous research investigations, they were not conducted
under research conditions, and we present them with the
full understanding that they lack research experimental
controls and measures of reliability. They are, however,
highly reflective of our real-world clinical contexts.

One of the primary goals of treatment research is the
eventual translation of research knowledge into everyday
clinical practice. Our clinicians took the initiative to bring the
research findings of the impact of LSVT LOUD in individuals
with CP (and other disorders) out of the lab and into their own
clinical worlds. Ourhope is that the current clinical report
encourages other clinicians to consider the application of this,
and other evidence-based protocols, in the treatment of the
often-devastating communicative impairments associated
with CP. Our current clinical experience convinced us that
our clients with CP have a much greater potential than we
previously realized to go beyond what we thought were their
clinical boundaries to increase their commmunicative abilities
to be heard and understood.
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