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Abstract

We aimed to provide proof-of-principle evidence that intensive home-based speech treatment can improve dysarthria in com-
plex multisystemic degenerative ataxias, exemplified by autosomal recessive spastic ataxia Charlevoix-Saguenay (ARSACS).
Feasibility and piloting efficacy of speech training specifically tailored to cerebellar dysarthria was examined through a
4-week program in seven patients with rater-blinded assessment of intelligibility (primary outcome) and naturalness and
acoustic measures of speech (secondary outcomes) performed 4 weeks before, immediately prior to, and directly after train-
ing (intraindividual control design). Speech intelligibility and naturalness improved post treatment. This provides piloting

evidence that ataxia-tailored speech treatment might be effective in degenerative cerebellar disease.
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Introduction

Evidence-based strategies to treat dysarthria in degenera-
tive spinocerebellar ataxias are absent [13]. Treatment is in
particular challenging in multisystemic ataxia disorders, like
autosomal recessive spastic ataxia of Charlevoix-Saguenay
(ARSACS), where complex co-morbid damage to extra-
cerebellar neural systems places additional disease burden
on the ataxia patients, including pyramidal, visual, cognitive,
and peripheral nerve damage [9].
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Here we hypothesized that intensive, home-based bio-
feedback-driven training with exercises designed to enhance
neuroplasticity and motor learning might improve speech in
multisystemic degenerative spinocerebellar ataxias, taking
ARSACS as a paradigmatic example in a piloting proof-of-
concept study. The study employed a rater-blinded intra-
individual control design to evaluate the efficacy of ataxia-
tailored speech exercises delivered through portable digital
devices in patients’ homes.

Neurology and Rehabilitation, Kliniken Schmieder,
Gailingen am Hochrhein, Germany

Department of Neurology, Essen University Hospital,
University of Duisburg-Essen, Essen, Germany

The University of Queensland, St Lucia, Australia

Department of Medicine, Monash University, Melbourne,
Australia

Center for Neurodegenerative Diseases (DZNE), Tiibingen,
Germany


http://orcid.org/0000-0002-3505-2631
http://crossmark.crossref.org/dialog/?doi=10.1007/s00415-019-09258-4&domain=pdf
https://doi.org/10.1007/s00415-019-09258-4

Journal of Neurology (2019) 266:1260-1266

1261

Methods
Participants

Seven individuals with genetically confirmed ARSACS
were recruited from two sites, the Department of Neurol-
ogy, University Hospital Tiibingen, Germany and Alfred
Health, Melbourne Australia. Participants met the follow-
ing inclusion criteria: (1) genetically confirmed ARSACS;
(2) age > 17 years; (3) Scale for the Assessment and Rat-
ing of Ataxia (SARA) [8] total score >3 and speech sub-
score > 2. For basic characterization, participants under-
went a standardized neurological examination for ataxia
severity [SARA [8]), cognition (Montreal Cognitive
Assessment, (MoCA)] [5] and Activities of Daily Living
[4] (see Table 1 participant details). Training was com-
pleted in German for the German participants and English
for the Australian participant.

All participants or their legal representative provided
written informed consent prior to participation. The study
received institutional ethical approval (The University of
Melbourne 1339394.2, University Hospital Tiibingen,
Germany Az. 003/2015B0O2). The trial was registered with
ID ACTRN12616001583437 (anzctr.org.au).

Study design

We evaluated the efficacy of a rater-blinded delayed-entry
4-week home-based treatment trial. Participants were
assessed three times during the trial: 4 weeks prior to train-
ing (A1), immediately before training (A2), and immedi-
ately after training (A3). To control for the potential effect
of treatment as well as individual variability and repeated
assessments, participants acted as their own controls in an
intra-individual control design whereby their performance
during the non-treatment period (A1-A2) was compared to
their treatment period (A2—-A3). Participants did not receive
any speech therapy between A1-A2. During the intervention
period, subjects trained about 45 min per day, 5 days per
week, for 4 weeks at their homes. Training was monitored
by weekly telephone calls by a speech therapist.

Ataxia-tailored speech treatment protocol

Speech deficits in ARSACS affect intelligibility, vocal
control, and prosody (appropriate manipulation of dura-
tion, loudness, and pitch) [15]. Therapeutic strategies were
selected and combined to target these three functions (see
Table 2 for components of therapy design). Treatment

Table 1 Clinical and demographic details of participants with ARSACS

Participant 1 2 3 4 5 6 7
Sex Male Female Female Male Female Female Female
Education,y 11 9 9 12 14 9 12
Age at 4 27 11 4 3 25 26
onset, y
Disease dura- 24 21 22 22 46 33 2
tion, y
Nucleotide c.2182C>TI c.2881C> | ¢.9305_9306insT | c4076 T>G c.4954C>T| c4774G>A | ¢.3352dupT |
and amino p.Arg728% p.-Arg961%* p.Leu3102Phefs*8 p-Met1359Arg p.GIn1652* p.Asp1582Asn p.Cys1118fs*3
acid
exchange
allele 1
Nucleotide & ¢.10651dupA | ¢.4756_4760del | €.9305_9306insT | c4076 T>G c.5125C>TI ¢.10686_10689 del ~ ¢.10550T>G |
amino acid p-Met35551 Asnfs*4 p. 1586_1587del p.Leu3102Phefs*8 p-Met1359Arg p.GIn1709* | p.Phe3562Leu_ p.Leu3517Arg
exchange fs*8
allele 2
Ataxia 19.5 20 17 18 23 33 225
severity
(SARA)*
SARA speech 2 2 2 2 2 35 2
item
MoCA at 21 24 17 27 24 23 ~
baseline®
TIADL at 7 5 5 6 4.5 4 6
baseline®

Missing data; y years, JADL Instrumental Activities of Daily Living, SARA Scale for the Assessment and Rating of Ataxia where mean SARA
score of healthy controls is 0.4 + 1.1 (range 0-7.5) (Schmitz-Hubsch et al. 2006), MoCA Montreal Cognitive Assessment

*Higher values indicate better performance

#Lower values indicate better performance

@ Springer



1262

Journal of Neurology (2019) 266:1260-1266

Table 2 Components of therapy design

Stimuli

Daily tasks: (i) words and sentences % (ii) long vowel x 10 repetitions b (iii) loudness and pitch control exercises x

10 each ®; (iv) short phrases with target word designed to improve prosody x 15 ¢; (v) reading task *~; (vi) transfer

exercise (daily question) *~°
Elicitation method
sessions

Treatment trials

Imitation of clinician’s production in first session and on weekly calls, then reading stimuli on PCs for non-supervised

Per goal: 3040 trials; total trials per session: 120. Session duration: 30-45 min

Teaching strategies/cues Initial session and weekly follow-up: verbal instructions, modelling and training on interpretation of feedback

Feedback
ation

Aural and visual via biofeedback and knowledge of results via acoustic outcomes of duration, pitch and loudness vari-

Treatment goals “Intelligibility, “vocal control, *prosody

Intelligibility was targeted by prompting participants to spontaneously modify their habitual speech via rate reduction and purposeful articula-
tion (over-enunciation) [7, 8]. Prosody was improved by requiring participants to produce meaningful prosodic contrasts at the word and phrase
level in set phrases, an approach that has been successfully applied to related populations such as Parkinson’s disease and post-stroke [9, 10].
Vocal control was trained by eliciting repeated maximum phonation time tasks, pitch glides and crescendos, prompting participants to focus on

accurate coordination of respiratory and phonatory systems [11]

strategies and a description of modes and timing of feedback
provided during treatment are described below.

Delayed (next day) listening feedback

Participants were prompted to record their speech each day.
They then listened to their recorded sample from the previ-
ous day. This post-session listening feedback is important
for the development of self-monitoring skills as it provided
an opportunity for participants to hear their performance,
identify what worked, and set goals for the day.

Real-time visual feedback

Visual feedback was provided through the real-time loud-
ness and pitch displays. Participants monitored the stability
or variability of their loudness and pitch while speaking.
Similarly, variation in pitch and loudness was encouraged
during connected speech tasks to reflect natural intonation
during conversation. Loudness and pitch were represented
visually, providing additional feedback to listening, maxim-
ising opportunities for improvement.

Delayed (at end of task) results feedback

Participants were provided objective feedback on whether
their speech was better or worse than the previous day’s pro-
duction. Three pieces of information were derived from the
recorded samples: (i) duration, which is important for the
long-vowel task; (ii) loudness variation and (iii) pitch vari-
ation, both important for improving vocal control and into-
nation in the vowel and connected tasks, respectively. This
information was designed to enhance the patient’s perception
of their speech and to provide a benchmark against which
to compare earlier productions. Summary figures were pro-
vided at the end of each day. The clinician could plot/track
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their patients’ progress—highlighting gains made during
therapy as well as adherence to treatment.

Treatment methodology

These therapeutic methods have been packaged into a
home-based treatment software program called Melbourne
Ataxia Speech Treatment (MAST) with a simple user inter-
face suitable for use on laptop PCs provided to the patient.
MAST uses multi-sensory feedback—both aural, visual and
results feedback (self-comparison) (see Fig. 1 and video in
Supplementary Materials)—to maximise opportunities for
self-monitoring. The multiple biofeedback modalities are
designed to focus the speaker on external controls of speech,
thus enhancing their own monitoring of production.

Outcome measures
Primary outcome measure

A blinded listener-derived rating of speech intelligibility.
Two expert raters (> 15 years’ experience working with
dysarthria) listened to speech files recorded at A1, A2 and
A3, presented in a randomized order with raters blinded to
assessment time point. Intelligibility was rated via expert
perceptual judgement of the first 30 s from the monologue
using direct magnitude estimation (DME) [16]. DME is
a means of standardising subjective listener judgments.
The technique is used with a reference stimulus chosen
by consensus of experts as a good exemplar of “mild”
dysarthria (given a score of 100). The raters then assigned
values greater than 100 to denote better performance on
measures of intelligibility. For these parameters, a value
of 200 indicates that a sample is rated twice as good as the
reference sample, while a value of 50 denotes the sample is
only half as intelligible compared with the reference. DME
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Fig. 1 Melbourne Ataxia Speech Treatment (MAST): example of long vowel task

was considered more accurate and reliable than standard
severity ratings [7] for determining change.

Secondary outcome measures

A subset of objective acoustic measures and subjective
(listener-based) measures of speech were used to measure
change between time points. These variables were selected
from earlier work describing differences between healthy
controls and individuals with ARSACS [15]. Acoustic
[measures of timing (e.g. mean and variability of pause
length) and vocal control (e.g. variability of fundamental
frequency)] and perceptual measures: pitch breaks, pro-
longed intervals, equal and excess stress, imprecise con-
sonants, vowel distortion, intelligibility and naturalness,
were used.

Acoustic and listener-based outcomes were derived
from the following speech stimuli: (a) reading a brief
phonetically balanced passage; (b) prolonged production
of vowels: sustain an open “ah” vowel for as long as pos-
sible; (c) monologue: for one minute on selected topics
(e.g. current physical functioning). These tasks and cor-
responding acoustic outcome measures have demonstrated
reliability, stability and sensitivity to change [12]. The bat-
tery has been adapted and validated in German [14] and
takes < 6 min to elicit. Speech was recorded using a high-
quality microphone (AKG C520 condenser microphone,
AKG Acoustics GmbH, Vienna, Austria), an external
sound card (QUAD-CAPTURE USB 2.0 Audio Interface,
Roland Corporation, Shizuoka, Japan) and a laptop PC.
Testing was conducted in a quiet room free from environ-
mental noise.

Statistical methods

Analyses were performed using the non-parametric Fried-
man test (2, p-values) to determine within group differ-
ences between A1-A3. When the Friedman test yielded
a significant effect (p <0.05), post hoc analysis was per-
formed using a Wilcoxon signed-rank test for pair-wise
comparisons between assessments with a significance level
a=0.05. Spearman’s rho was used to examine the associa-
tions between SARA scores and intelligibility. Intra-class
correlation (ICC) and corresponding confidence intervals
(CI) was used to examine inter-rater reliability. In case of
disagreement, the more conservative assessment (i.e. the
lower DME value) was adopted for final judgement.

Statistical analysis was performed using the software
package SPSS 22.

Results

ICC of perceptual scores between raters was 0.835 (95%
CI=0.91-0.701) (p <.001). Mean (SD) intelligibility at
baseline (A1) was 117.1 (£ 19.3) points as determined by
DME, equalling a relatively mild overall dysarthria in this
ARSACS cohort, despite an advanced overall ataxia stage
(average SARA score 21.9 +5.4 points). All 7/7 subjects
completed the training, indicating feasibility and acceptabil-
ity of our speech treatment protocol. Intelligibility of mon-
ologue changed between the three assessments (y* = 8.67,
p=0.013; Friedman test). While the DME score remained
unchanged before training (A1/A2: Z=4.0, p=0.71; Wil-
coxon’s signed-rank test), it increased significantly to 128.8
(£ 14.6) after treatment (A2/A3: Z=21.0, p=0.024; see

@ Springer



1264

Journal of Neurology (2019) 266:1260-1266

Fig. 2; for ratings of all speech domains, see Supplements
1 and 2). Individual relative changes in intelligibility var-
ied between minus 7 and 33%. On an individual level, 57%
(4/7) patients responded to treatment, defined as baseline to
post-treatment intelligibility improvement of > 10%. This
number increased to 6/7 if a positive change from baseline
was used to indicate improvement. Significant increases in
naturalness were also observed across the three timepoints
(¥*=6.08, p=.048; Friedman test) and between A2/A3 (Z=-
2.232, p=.026).

Intelligibility: Monologue

Overall SARA scores at baseline were significantly cor-
related with the size of improvement (change) in intelligi-
bility on the reading task (p = — 0.926, p =.003), but not
intelligibility of the monologue or either naturalness score.
Speech severity at baseline was not related to the change
in intelligibility or naturalness post treatment.

There were no statistically observable changes in spe-
cific measures of prosody, voice quality or control beyond
those reported within the wholistic measures of intelligi-
bility and naturalness, and no significant differences in
acoustic measures (Supplement 3).

Intelligibility: Passage Reading
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Fig.2 Intelligibility and naturalness at baseline/s and post-treatment about here
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Discussion

These findings deliver preliminary proof-of-concept evi-
dence on different levels: we observed (1) feasibility of
the speech treatment protocol (100% completion rate), (2)
improvements in intelligibility (ability to be understood)
during connected speech tasks; and (3) enhanced natural-
ness (degree to which individuals sound ‘different’ from
healthy peers). Importantly, we observed large clinically
significant improvements in more than half of the partici-
pants, as improvements in intelligibility post training of
>10% (Fig. 1) indicates a clinically meaningful change
(given that relative improvements in intelligibility of
5-10% represent perceivable changes in output [2]).

These changes are noteworthy as the judgments were
conducted by blinded raters, and that baseline severity lev-
els of dysarthria were mild (DME 117 points), showing
that even relatively low levels of impairment are amelio-
rable to treatment. Moreover, given the intra-individual
control design, with no changes observed during the
pre-treatment baseline period (A1-A2), we can rule out
changes occurring simply through repeated assessments
or variability in disease course.

The treatment was designed to fulfil several criteria
which make it an attractive treatment option for ataxia
patients: it incorporated multi-sensory feedback (e.g. aural,
visual) to maximise opportunities for self-monitoring; it
catered to the physical limitations of ataxia patients (i.e.
home-based, large visual display); it mitigated the adverse
effect of clinical services that cannot offer intensive face-
to-face treatment; it is adaptable for use in ataxia patients
with comorbid damage of other neuronal systems; and it
enabled completion at home, enhancing patient autonomy.

Limitations

The study is limited by the small sample size, yet it was
designed to provide only first piloting proof-of-concept
evidence. Moreover, it bears the advantage that it included
only ataxia patients with one (ultra-rare) genetically
defined ataxia type (ARSACS), rather than including a
mixture of different genetic ataxia diseases, thus allowing
evaluation of a homogeneous, gene-defined patient cohort.
Our study is limited by the lack of sham training, yet it
did include control for an absence of the target treatment,
exploiting an intra-individual control study design. Finally,
we did not assess longer term outcome measures beyond
immediately post treatment. Meeting these challenges in
a larger randomized controlled trial as well as in other
degenerative ataxias will be a priority for future work.

Acknowledgements This study was supported by the Ataxia Char-
levoix-Saguenay Foundation and from the European Union’s Horizon
2020 research and innovation program under the ERA-NET Cofund
action N° 643578. It was supported by the BMBF (01GM1607 to
M.S.), under the frame of the E-Rare-3 network PREPARE (to M.S.).
A.P.V. received salaried support from the National Health and Medi-
cal Research Council, Australia (Career Development Fellowship ID
1082910), and received funding from the Alexander von Humboldt
Foundation. This study was supported by the IZKF Promotionskolleg
Tiibingen (IZKF 2016-1-07) to M.S. and E.K.

Author contributions AV designed the treatment and contributed to
the design of the study, collection, analysis and interpretation of the
data, and drafting the manuscript. He also supervised students, led
the research team, and obtained funding for the research. LS contrib-
uted to data analysis and interpretation and revising the manuscript for
intellectual content. AO contributed to data analysis and interpretation
and revising the manuscript for intellectual content. E-MK contrib-
uted to data analysis and interpretation and revising the manuscript
for intellectual content. DS contributed to therapy material preparation
and revising the manuscript for intellectual content. CA contributed
to therapy material preparation and revising the manuscript for intel-
lectual content. NR contributed to the design of the study, collected
data, analysis and interpretation of the data, revising the manuscript
for intellectual content, and supervision of students. LS, DT and ES
contributed to data interpretation and revising the manuscript for intel-
lectual content. MS contributed to the design of the study, collection,
analysis and interpretation of the data, and revising the manuscript for
intellectual content. He also supervised students, led the research team,
and obtained funding for the research.

Compliance with ethical standards

Conflicts of interest All authors declare that they have no conflict of
interest.

Ethical standards The study received institutional ethical approval
(The University of Melbourne 1339394.2, University Hospital Tiibin-
gen, Germany Az. 003/2015B02). The trial was registered with ID
ACTRN12616001583437 (anzctr.org.au).

References

1. Ballard KJ, Robin DD, McCabe P, McDonald J (2010) A Treat-
ment for dysprosody in childhood apraxia of speech. J Speech

2. Constantinescu G, Theodoros D, Russell T, Ward EC, Wilson SM,
Wootton R (2011) Treating disordered speech and voice in Par-
kinson’s disease online: a randomized controlled non-inferiority
trial. Int J Lang Commun Disorders 46:1-16

3. Hargrove PM (2013) Pursuing prosody interventions. Clin Lin-
guist Phonet 27:647-660

4. Katz S (1983) Assessing self-maintenance: activities of daily liv-
ing, mobility, and instrumental activities of daily living. J] Am
Geriatr Soc 31:721-727

5. Nasreddine ZS, Phillips NA, Bédirian V, Charbonneau S, White-
head V, Collin I, Cummings JL, Chertkow H (2005) The montreal
cognitive assessment, MoCA: a brief screening tool for mild cog-
nitive impairment. J Am Geriatr Soc 53:695-699

6. Park S, Theodoros DG, Finch E, Cardell E (2016) Be clear: a
new intensive speech treatment for adults with nonprogressive
dysarthria. Am J Speech-Lang Pathol 25:97-110

@ Springer



1266

Journal of Neurology (2019) 266:1260-1266

7.

10.

11.

Schiavetti N, Metz DE, Sitler RW (1981) Construct validity of
direct magnitude estimation and interval scaling of speech intel-
ligibilityevidence from a study of the hearing impaired. J Speech
LangHear Res 24:441-445

Schmitz-Hubsch T, Du Montcel ST, Baliko L, Berciano J, Boesch
S, Depondt C, Giunti P, Globas C, Infante J, Kang J-S, Kremer B,
Mariotti C, Melegh B, Pandolfo M, Rakowicz M, Ribai P, Rola R,
Schols L, Szymanski S, Van De Warrenburg BP, Durr A, Klock-
gether T (2006) Scale for the assessment and rating of ataxia:
Development of a new clinical scale. Neurology 66:1717-1720
Synofzik M, Soehn AS, Gburek-Augustat J, Schicks J, Karle KN,
Schiile R, Haack TB, Schoning M, Biskup S, Rudnik-Schoneborn
S, Senderek J, Hoffmann KT, MacLeod P, Schwarz J, Bender B,
Kriiger S, Kreuz F, Bauer P, Schols L (2013) Autosomal recessive
spastic ataxia of Charlevoix Saguenay (ARSACS): expanding the
genetic, clinical and imaging spectrum. Orphanet J Rare Diseases
8:41

Tamplin J (2008) A pilot study into the effect of vocal exercises
and singing on dysarthric speech. Neuro Rehabil 23:207-216
Tjaden K, Sussman JE, Wilding GE (2014) Impact of clear, loud,
and slow speech on scaled intelligibility and speech severity in

@ Springer

12.

13.

14.

15.

16.

parkinson’s disease and multiple sclerosis. J Speech Lang Hear
Res 57:779-792

Vogel AP, Fletcher J, Snyder PJ, Fredrickson A, Maruff P (2011)
Reliability, stability, and sensitivity to change and impairment in
acoustic measures of timing and frequency. J Voice 25:137-149
Vogel AP, Folker JE, Poole ML (2014) Treatment for speech dis-
order in Friedreich ataxia and other hereditary ataxia syndromes.
Cochrane Database Syst Rev 10

Vogel AP, Rommel N, Oettinger A, Horger M, Krumm P, Kraus
E-M, Schoéls L, Synofzik M (2017) Speech and swallowing abnor-
malities in adults with POLG associated ataxia (POLG-A). Mito-
chondrion 37:1-7

Vogel AP, Rommel N, Oettinger A, Stoll LH, Kraus E-M, Gagnon
C, Horger M, Krumm P, Timmann D, Storey E, Schols L, Syn-
ofzik M (2018) Coordination and timing deficits in speech and
swallowing in autosomal recessive spastic ataxia of Charlevoix—
Saguenay (ARSACS). J Neurol 265:2060-2070

Weismer G, Laures JS (2002) Direct magnitude estimates of
speech intelligibility in dysarthria: effects of a chosen standard. J
Speech Lang Hear Res 45:421-433



	Speech treatment improves dysarthria in multisystemic ataxia: a rater-blinded, controlled pilot-study in ARSACS
	Abstract
	Introduction
	Methods
	Participants
	Study design
	Ataxia-tailored speech treatment protocol
	Delayed (next day) listening feedback
	Real-time visual feedback
	Delayed (at end of task) results feedback

	Treatment methodology
	Outcome measures
	Primary outcome measure
	Secondary outcome measures

	Statistical methods

	Results
	Discussion
	Limitations

	Acknowledgements 
	References


