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Abstract

Parkinson’s disease (PD) and the parkinsonian variant of Mul-
tiple System Atrophy (MSA-P) are two neurodegenerative dis-
eases which share similar clinical features, particularly in early
disease stages. The differential diagnosis can be thus very chal-
lenging. Dysarthria is known to be a frequent and early clinical
feature of PD and MSA. It can be thus used as a vehicle to
provide a vocal biomarker which could help in the differential
diagnosis. In particular, distortion of consonants is known to be
a frequent impairment in these diseases. The aim of this study
is to investigate distinctive patterns in the distortion of voiced
obstruents (plosives and fricatives). It is the first study which
attempts to examine such distortions in the French language for
the purpose of the differential diagnosis between PD and MSA-
P (and among the very few studies if we consider all languages).
We carry out a perceptual and objective analysis of voiced ob-
struents extracted from isolated pseudo-words initials. We first
show that devoicing is a significant impairment which predom-
inates in MSA-P. We then show that voice onset time (VOT) of
voiced plosives (prevoicing duration) can be a complementary
feature to improve the accuracy in discrimination between PD
and MSA-P.

Index Terms: Parkinson’s disease, Multiple system atrophy,
Dysarthria, Pathological speech processing, Consonant distor-
tion

1. Introduction

Parkinson’s disease (PD) is a neurological disorder principally
caused by the degeneration of midbrain dopaminergic neurons,
leading to slowness of movement, muscle rigidity and resting
tremor. Multiple system atrophy (MSA) belongs to the group
of atypical parkinsonian disorders (APD) with a poor prognosis.
MSA differs from PD by a more widespread neurodegenerative
process, resulting in more rapid disease progression and poor
response to dopamine replacement therapy [1, 2]. MSA has two
variants, MSA-P and MSA-C, where parkinsonism and cerebel-
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lar features predominate, respectively. The majority of PD and
MSA-P patients manifest similar clinical features which renders
very challenging a correct differential diagnosis [2]. There ex-
ists criteria for the diagnosis of ’probable” and “possible” MSA,
based on clinical or/and imaging features, but the definite MSA
diagnosis requires postmortem confirmation by a neuropatho-
logical examination [1]. Despite recent efforts, no validated
biomarker is currently available for the differential diagnosis.
There exists thus a strong need for such markers to improve
diagnostic accuracy, particularly in early disease stages. An ac-
curate early diagnosis is indeed essential not only in assessing
prognosis and for treatment decisions, but also for understand-
ing the underlying pathophysiology and for the development of
new therapies [3].

It is now well established that dysarthria, a class of mo-
tor speech impairments resulting from neurological disorders,
is an early clinical feature of PD and APD. Dysarthria is mostly
caused by control or execution impairment of one or more
sensorimotors. PD patients develop essentially hypokinetic
dysarthria [4, 5] while MSA patients typically exhibit mixed
dysarthria with various combination of hypokinetic and ataxic
components [6, 5]. Dysarthria can manifest in all the levels of
speech production [7]. In particular, the articulatory mechanism
can be affected which causes deficits in range, strength, tim-
ing, stability and precision of articulators [8]. One of the most
common manifestation of such deficits is imprecise consonant
articulation. In the pioneer work [4], consonant realization was
perceptually found to be one of the most deviant speech dimen-
sions in PD.

Consonants distortion across various diseases have been
typically assessed using perceptual evaluation [8, 9, 10, 11, 12,
13, 14]. During the last 2 decades, a considerable effort has
been produced to develop objective measures that assess conso-
nant distortions in PD [15, 16, 17, 18, 19, 20, 21, 22]. In these
studies, voice onset time (VOT) has been the most analyzed fea-
ture but with rather contradictory outcomes [23, 24, 17, 20].
On the other hand, only few studies have addressed conso-
nants distortion in differential diagnosis between PD and APD
[13, 25, 20, 26, 21]. The same statement actually holds for
dysarthria-based differential diagnosis in general. Indeed, while



there exists a large amount of work on comparing PD and HC
speech, there is only few studies on comparison/discrimination
between PD and APD or between APD subgroups [27, 28, 29,
30, 31, 32, 33, 34].

As for the French language, to the best of our knowledge,
there exists no study comparing consonant production between
PD and MSA. In [13], a comparison has been subjectively per-
formed (spectrogram visual inspection) but between PD, Amy-
otrophic Lateral Sclerosis and Cerebellar Ataxia. In this paper,
we present the first study on French consonant distortion for the
purpose of differential diagnosis between PD and MSA-P. We
carry out a subjective and objective analysis of word-initial con-
sonants using pseudo-words, called Logatomes [35]. Among
all the consonants, obstruents (plosives and fricatives) yield the
most interesting results. In particular, we show that voiced ob-
struents manifest appealing distinctive impairments, in term of
devoicing and VOT duration. We then provide a 2-dimensional
analysis over these two deviant speech dimensions. This leads
us to build a decision model which discriminates between PD
and MSA-P with a good accuracy.

The paper is organized as follows. Section 2 describes the
speech database. Section 3 presents a brief description of the
analysis tools. Results are presented in Section 4. Discussion
and conclusion are given in the last section.

2. Database

From 2018 to the time of writing this paper, a total of 43 French
speakers were recruited in the framework of a research project
involving the neurology and ENT departments of 2 French uni-
versity hospitals (recruitment is continuing). 20 patients (5 fe-
males and 15 males) were diagnosed with idiopathic PD, with
a mean age of 60 and a mean symptom duration of 4 years. 12
subjects (8 females and 4 males) were diagnosed with MSA-
P, with a mean age of 67 and a mean symptom duration of 3.5
years. 11 healthy controls (HC) with a mean age of 56 (6 female
and 5 male) with no history of neurological or communication
disorders were recruited. ENTs carried out all the recording
sessions for all participants. Each participant performed sev-
eral speech tasks including sustained phonations, syllables rep-
etition, a reading task, a monologue and a set of 25 isolated
pseudo-words called Logatomes (other non-speech biosignals
are also recorded). We used only the Logatomes dataset in this
study. The speech signals were recorded with 48kHz sampling
frequency and 16 bit resolution by a headmount condenser mi-
crophone (t.bone HC 444 TWS) placed at a distance of approx-
imately Scm from the speaker’s mouth. Ethics approval was
obtained prior to recruitment and all participants gave written
informed consent.

3. Analysis tools

This paper is dedicated to the analysis of the production of con-
sonants extracted from the Logatomes. The latter have the ad-
vantage of being an easy speech task for patients (independently
on their native language) and easy to process (even manually).
We performed an auditory and visual examination of the 25
Logatomes produced by each participant. Auditory examina-
tion was performed by listening carefully several times to all
the audio files. Visual examination was carried out by inspec-
tion of waveform and wide-band spectrogram using Praat [36].
As a consequence of this processing, we manually annotated all
the speech signals. We followed the criteria of [24] to set the
boundaries of the different phonetic units, we refer to [24] for

details.

During the examination, we assessed the distortion of con-
sonants (and vowels) when auditorily or/and visually perceived.
This analysis showed that, among the 25 Logatomes, voiced
obstruents were significantly distorded, in term of the mani-
festation of devoicing. We mention that this assessment was
based on word-initials only (in CV format) in order to avoid co-
articulation and speaking rate effects. We thus focused on the
3 voiced plosives /b/, /d/ and /g/ extracted from the Logatomes
“berdo”, “dirou” and “guizant”, and the 3 voiced fricatives /v/,
/z/, and /3/ extracted from the Logatomes ‘vonia”, “zacu”, and
“jinin”. After devoicing analysis, we performed the traditional
voice onset time (VOT) analysis of the plosives using the man-
ually segmented units. Finally we combined the two analysis,
devoicing and VOT, in order to build a decision model for dif-
ferential diagnosis.

For the statistical analysis, data normality of each acoustic
feature was evaluated by the one-sample Kolmogorov-Smirnov
test. No data was found Gaussian, the pairwise Kruskal-Wallis
test to measure difference between groups was used. Statistical
significance was set at a p-value p < 0.05.

4. Results
4.1. Devoicing analysis
4.1.1. Visual inspection of spectrograms

By visual inspection of the spectrograms, we assessed devoic-
ing by the total or partial absence of voicing bars in the real-
ization of voiced obstruents. Figure 1 shows an example of
spectrograms of the consonant /g/ pronounced normally by a
HC, with a partial devoicing by a PD and with a total devoic-
ing by an MSA-P patient. We observed an other phenomenon
which could be considered as partial devoicing, the occurrence
of voicing bars with weak energy. However, for sake of clarity,
reproducibility and to reduce subjectivity effects, we did not use
this criterion in our assessment of devoicing.

We found that 67% of MSA-P and 15% of PD presented
devoicing in at least one obstruent. In particular, we did not ob-
serve any devoicing of /b/ nor /d/ in PD while 42% of MSA-P
showed devoicing in these consonants. This suggests that de-
voicing of /b/ or/and /d/ could be a signature of MSA-P. We
mention here however that [13] reported that 37% of PD pre-
sented devoicing in /d/ or /g/. In our data, only 10% of PD
showed devoicing in /g/ (and thus in /d/ or /g/), while 33% of
MSA-P showed devoicing in /d/ or /g/. This difference in PD
might be due to the relatively small size of our dataset as com-
pared to the one of [13]. As for voiced fricatives, 33% of MSA-
P and 15% of PD presented devoicing in at least one of /v/, /z/

and /3/.

4.1.2. Objective assessment

We now provide an objective measure to detect devoicing.
Given a labeled consonant, a simple way to assess total or par-
tial absence of voicing is to consider the degree of voicing mea-

sure:

number of voiced frames
DV =
v total number of frames (%)

We emphasize here that other objective criteria can be used to
define and detect devoicing, our measure is however easy to
interpret and to reproduce. Given a speaker, we then defined
his/her degree of devoicing DV'T" as the minimal DV value
over all the voiced obstruents. We then heuristically assessed
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Figure 1: Example of no/partial/total devoicing of /g/ in a HC/PD/MSA-P (top). Example of normal/shorter/vanishing VOT of /g/ for

the same HC/PD/MSA-P (bottom)

the presence of devoicing if DVT < 50%. Using this crite-
rion, the assessment of devoicing matched perfectly with our
visual observations, that is, the same 67% of MSA-P and 15%
of PD presented a DVT' < 50%. The value of DV'T is shown
in Figure 2 for each speaker (see the projection over the DVT di-
mension). Along this dimension, one can note the large margin
between subjects manifesting devoicing and the others. This is
confirmed by the statistical test of group difference, as shown in
Table 1. This suggests that devoicing is generally strong when it
occurs, and thus easy to detect objectively by the standard tool
Praat.

Overall, these results show that devoicing can be a valuable
cue for differential diagnosis between PD and MSA-P. How-
ever, this cue alone is not sufficient to achieve this diagnosis
with a high accuracy.

4.2. VOT analysis of voiced plosives

As mentioned earlier, VOT is among the most studied features
in consonant distortion. VOT is generally associated with plo-
sives and is defined as the duration between the vocal fold vi-
bration starts relative to the release of the plosive (there exist
however VOT definitions for other consonant types [37]). In the
case of voiced plosive, vibration begins before the release, VOT
is thus considered as negative. When negative VOT tends to 0,
it actually corresponds to a total devoicing. In order to avoid
a potential dependency on speaking rate, VOT ratio (VOTR) is
sometimes considered. VOTR is defined as VOT divided by the
duration of whole syllable [24].

The purpose of this section is to determine whether VOT
analysis of voiced plosives (/b/, /d/ and /g/) can yield another
distinctive cue (hopefully complementary to devoicing). Using
our manual segmentation, we computed the VOT and VOTR
statistical group difference between HC and PD, HC and MSA-
P, PD and MSA-P. Table 1 shows the obtained p-value of each
group difference. We first observed that, for VOT, statistical
significance between MSA and the other groups was achieved
only for /g/. More interestingly, this impairment was more se-
vere in MSA-P than in PD. The waveforms of Figure 1 shows
an example of such a distortion. This trend was confirmed by
VOTR with an additional group difference between PD and HC.
Globally, this is in accordance with the findings of [20] which
reported shorter VOT and lower VOTR for MSA averaged on
all voiced plosives (with Czech patients). We cannot however
confirm the same statement for /b/ and /d/. On the other hand,
we can confidently consider that VOT/VOTR of /g/ is a valuable
cue for the differential diagnosis. However, as devoicing, this

cue alone is not sufficient to achieve this diagnosis with a high
accuracy.

HC vs PD | HC vs MSA-P [ PD vs MSA-P
Feature | Consonant
p-value
[ DVT | Al [ 012 [ 0.0008 ] 0.009
/b/ 0.36 0.15 0.41
VOT /d/ 0.8 0.9 0.66
g/ 0.07 0.004 0.03
/b/ 0.08 0.001 0.029
VOTR /d/ 0.26 0.03 0.161
g/ 0.002 0.0009 0.014

Table 1: Univariate statistical group difference of DVT and
VOT/VOTR (for the 3 voiced plosives /b/,/d/ and /g/). Bold val-
ues indicate significant group difference (p < 0.05)

4.3. Classification

Given the findings of the previous sections, it is natural to pro-
ceed with an analysis over the 2 deviant speech dimensions, de-
voicing and VOT of /g/ (VOT} ). Using a decision tree classi-
fier with a leave-one-speaker-out (LOSO) cross-validation, we
obtained an accuracy of 69%, with a high sensitivity (correctly
classified MSA-P) of 83% but a low specificity of 60%. The
tree obtained with all data in training is shown in Figure 3 (Train
accuracy 72%). This means that a mis-diagnosis of MSA-P pre-
senting devoicing or short VOT of /g/ is unlikely. This statement
does not hold for PD.

Figure 2a shows the biplot of DVT w.r.t to VOT,,, with
decision thresholds obtained using all data in training. We
noted that the estimated thresholds, h1 = 45% for DVT and
ha = —60ms for VOT),,, might be considered as not overfit-
ted to our (small size) data. A possible justification is the fol-
lowing. First, it would be reasonable to consider that devoicing
occurs when a patient presents a DV less that 45% in a voiced
obstruent. Second, using our HC data, the mean/standard devi-
ation of the VOT of /g/ is —103/22(ms). This is in accordance
with the —109/32(ms) reported in [20] and [24] (the latter re-
ported the mean only). Thus h2 could be reasonably considered
as a threshold above which one can confidently consider that a
VOT impairment of /g/ is occurring. These two arguments need
however to be confirmed by additional data and analysis.

We then carried out the same analysis as above but using
VOTR. Using again a LOSO decision tree classifier, the speci-
ficity significantly increased to 83% and the sensitivity to 85%.
The resulting accuracy score was 84%. The tree obtained with
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Figure 3: Decision tree using DVT and VOT,,, or
VOTR,,, (in green) dimensions for discrimination between
PD and MSA-P

all data in training is shown in Figure 3 (Train accuracy 87%).
Figure 2b shows the biplot of DVT w.r.t to VOTR,,, with
decision thresholds obtained using all data in training. We see
now that, along the VOT' R, dimension, a separation appears
between the 3 MSA-P and 5 PD which were confused using
VOT), (right top rectangle of 2b).

This time however we can not argue that the VOTR thresh-
old (—0.27) could be consider as reasonable decision thresh-
old as we do not have reference values of VOTR. This thresh-
old might thus be overfitted to our data. Therefore, given the
small amount of instances of /g/ and its following vowels, we
cannot confidently claim that VOTR is a better feature for dis-
crimination than VOT. These results show however that the pre-
voicing duration of /g/ (and probably all voiced plosives) could
be a complementary cue to devoicing of obstruents in order to
achieve a high accuracy differential diagnosis between PD and
MSA-P.

Overall, the results (along with literature reporting) show
that devoicing of voiced obstruents and VOT of /g/ are 2 dis-
tinctive and deviant speech dimensions which are worth consid-
ering in the differential diagnosis between PD and MSA-P.

5. Discussion and conclusion

This work constitutes the first study that attempts to highlight
distinctive cues in the distortion of French voiced obstruents

realization in PD and MSA-P. Our results partially confirmed
previous findings on VOT with other languages [25, 20]. In-
deed, we found that VOT of the voiced plosive /g/ was signif-
icantly reduced in MSA-P while it was natural for most PD.
On the other hand, VOT in not the only factor of the distortion
of voiced plosives (and obviously fricatives). We showed in-
deed that the absence of voicing leads was the main factor of
voiced obstruents distortions and is the most distinctive cue be-
tween PD and MSA-P (in the production of voiced obstruents).
Moreover, there was a perfect match in devoicing assessment
between perceptual and objective evaluations. This supports a
potential use of devoicing in clinical practice as an additional
tool for the examination of patients with a suspicion of MSA-P.
We also showed that the combination of VOT and devoicing can
significantly improve the differential diagnosis accuracy.

VOT impairment can be explained by a difficulty in ini-
tiating articulation resulting from a deficit in maintaining the
speech motor program [20]. The latter is a characteristic of hy-
pokinetic dysarthria which is a known feature in both PD and
MSA. An accurate production of word-initial voiced plosives
requires a precise coordination between glottal opening and ar-
ticulatory closure. Devoicing is a manifestation of an impair-
ment of such coordination. This is a characteristic of ataxic
dysarthria which is known to manifest in MSA. Our results are
thus in accordance with the consensus that PD develop essen-
tially hypokinetic dysarthria while MSA develop a mixed type
dysarthria. More importantly, since ataxia seems to be respon-
sible for devoicing, the latter might manifest in early disease
stages. If proven, devoicing would thus constitute a valuable
deviant speech dimension to consider in early differential diag-
nosis.

There are some limitations to our study. The most signif-
icant one is obviously the relatively small size of the dataset
due to the difficulty of recruiting patients, particularly with a
rare disease such as MSA-P. We are however still continuing
the effort of recruitment. Moreover, the dataset is unbalanced
in gender, we cannot thus exclude that our findings are biased
by gender-specific effects. Another limitation is that we used
only one consonant instance per speaker, we do not thus know
how the results stand to intra-speaker pronunciation variability.
We can expect however that the effect of such variability is re-
duced by the restriction to word-initials. From this perspective,
our study should be considered as a promising first step in the
analysis of French voiced obstruents in PD and MSA-P. Our
findings need to be confirmed by additional data. This is the
purpose of our on going research.
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