ARTICULATION DYNAMICS IN PARKINSON DYSARTHRIA
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Abstract: The Vowel Space Area (VSA) and the
Formant Centralization Ratio (FCR) have been
proposed to describe dysarthria in Parkinson
Disease (PD) as well as in other neuromotor
diseases affecting speech. These features are based
in global estimations of the positions of the first two
formants in the representation of a vowel triangle.
The aim of the paper is to give a description of
speech articulation dynamics as a probability
density function of the kinematic features derived
from the evolution of formants in the time domain.
The statistical distribution of the dynamic
behaviour of art iculation fea tures can be used to
estimate differences between speech features from
subjects with Parkinson dysarthria relative to
normative subjects. Utterances of vowels [a:, i:, u:]
from a subset of 16 subjects with PD (8 males and 8
females), confronted to a subset of 16 normative
subjects (8 males and 8 females) have shown that
the statistical distributions of dynamic articulation
features can be differentiated using information
theory based estimations such as Kullback-Leibler’s
Divergence (KLD). These estimations allow
establishing relevant statistical differences between
PD and normative subjects both for males and
females, well over the differentiation capability of
VSA and FCR.

&Yahr [6] or UPDRS [3], although these scales have
not been specifically designed for speech or phonation
assessment. PD articulation has been characterized
using features as Vowel Space Area (VSA) or Formant
Centralization Ratio (FCR) [10]. These measurements
are of static nature, because they estimate the state of
the articulation limits as an average of formant
frequency limits. Having into account that PD affects
strongly the dynamics of normal movement, it could be
possible that a description of hampered articulation,
supported by features estimated from speech in terms
of the dynamic changes experimented by the resonant
frequencies of the vocal tract could give a more vivid
description of articulation behaviour. The aim of the
present study is to evaluate to which extent dynamic
features can be used in the multimodal study of PD
speech production. Initially, dynamic estimates of
formant activity, as the absolute kinematic velocity
(AKV) which are highly correlated with the superficial
myoelectric activity of certain facial muscles [4], seem
to be the adequate candidates for such study. The
structure of the present paper is as follows: the
biomechanical foundations explaining distortion of
vowel articulation in terms of formant dynamics are
exposed in section II. Section III is devoted to describe
the fundamentals of the experimental setup (materials
and methods). The results derived from the present
work are shown and discussed in section IV.
Conclusions are given in section V.

I. INTRODUCTION
II. BIOMECHANICAL FOUNDATIONS
Parkinson Disease (PD) is a sickness produced by a
deficit of the neurotransmitter dopamine in
basal ganglia, resulting in hampered neuromotor
activity. As a consequence, it also interferes with
speech capability in different ways, which have been
extensively well documented [8]. Rough and
asthenic phonation, monotonicity,
mono-loudness,
freezing,
velo-pharyngeal incompetence, and low
tone, are some of the observed alterations of speech
coined under the term of hypokinetic dysarthria [9].
Illness progress is evaluated by neurologists using
scales as Hoehn

The present study is focussed on the dynamic
tracking of the kinematic activity of the jaw-tongue
reference point (JTRP), which may be defined as a
hypothetical point in the sagittal plane (x: caudalrostral; y: dorsal-ventral). As seen in Fig. 1 this is a
hypothetical point {xr, yr} where the sum of forces is
null (masseter: fm, stylo-glossus and genio-hyoglossus:
fsg and fgh, genio-glossus: fgi, and the gravity: fw). The
AKM is integrated by the jaw (J) and tongue (T) and
the facial tissues attached to them. The dynamics of
this system [5] may be approximated by a third-order
lever fixed at the skull in (F), articulating movements
on the sagittal plane (x, y).

III. MATERIALS AND METHODS

Figure 1. Jaw-Tongue Articulation Kinematic Model
(AKM) considered in the study.

The position of the JTRP will change in time under
the action of the forces mentioned, modifying the
resonant properties of the oral cavity, and producing
dynamic changes in formants [2]. The work hypothesis
considers that the changes of the first two formants f1
and f2 can be related to the AKM dynamics as by:
df(1)t
dt
df2)t

(1)

dt

The database of normative and pathological speech
used is a part of the Parkinsonian Speech Database
(PARCZ) recorded at St. Anne's University Hospital in
Brno, the Czech Republic [8], consisting of four sets of
5 Czech vowels ([a:, e:, i:, o:, u:]) pronounced in 4
different ways: short and long vowels uttered in a
natural way, long vowels uttered with maximum
loudness, and long vowels pronounced with minimum
loudness, but not whispering. The recordings selected
corresponded to utterances by four subsets of speakers
corresponding to eight normative females (NF; average
age: 62.25 y; std age: 3.81 y), eight normative males
(NM; av.: 63.63 y; std: 7.15 y), eight PD females (PF;
av.: 69.25 y; std.: 7.11 y) and eight PD males (PM; av.:
64.88 y; std.: 8.51 y), see Table 1. Recordings of the
three vertex vowels at maximum loudness [a: i: u:],
sampled at 16 kHz and 16 bits were selected from the
database to estimate the logarithm of the VSA (lnVSA)
and the FCR. An example of one of these utterances
showing the first two formants extracted from LPC
spectral estimation is given in Fig. 2 (at the end of the
paper). An example of the normalized histogram and
cumulative distribution for the same sequence shown
in Fig. 2 is given in Fig. 3.

where wij are the parameters relating JTRP kinematics
described by the velocity estimates of the caudalrostral (vx) and dorsal-ventral velocities (vy), with
formant dynamics. It is also hypothesized that vx will
be mostly related to changes in the second formant f2
(back-front), and that vy will be related to the dynamics
of the first formant f1 (up-down), or in other words
w11 0 and w22 0. Therefore, the AKV of the reference
point (RP) may be stated as:
(2)
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Reliable estimates for w12 and w21 may be obtained
from articulations involving changes in the positions of
the reference point showing predictable dynamic
changes. A very relevant feature to describe
articulation dynamics can be defined from the
probability distribution of the AKV in (2), directly
estimated as its normalized amplitude histogram over
bins between 0 and 50 cm.s-1 as:
(3)

P)R

(hist)vRP
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where hist(|vRP|) is the histogram in amplitude counts
of the AKV. This feature has proven to be quite
relevant in separating dysarthric from normative
speech as will be explained in the sequel.

Figure 3. Articulation Kinematic Velocity for the sequence
shown in Fig. 2. Top: time series. Bottom: normalized
histogram (extending to 17 cm.s-1) in thin line, and its
respective cumulative distribution in thick line.

It may be seen that the most active events (larger
AKV) are aligned with vowel insertions (start of
phonation requiring proprioceptive adjustments, near
the origin, around 1.1 s and 2.3 s) or during imperfect
vowel emission (between 0.7-1.0 s). The AKV
distribution shows a χ2 behaviour (two degrees of
freedom). Its similarity to Maxwell-Boltzmann
distributions allows to establish a parallelism with
thermodynamic concepts, giving sense to the term
“emotional temperature” used by some researchers in
the field of neurological deterioration, as in Alzheimer
Disease speech studies [7]. The normalized histograms
may be interpreted as probability distributions, and
these can be applied to estimate the difference in terms
of Information Theory [1] between two probability
distributions
in terms of
Kullback-Leibler’s
Divergence (KLD) as:
(4)
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The AKV estimates from (2) and their normalized
histograms by velocity bins between 0 and 50 cm.s-1
were evaluated from (3). Four sets of normalized
histograms were produced respectively for the NM:
{p NM }; NF {p NF }; PM: {p PM }; PF: {p PF }. The KLD
between each subject in the pathologic sets PM and PN
was estimated with respect to the averages of their
respective normative sets, NM and NF.
IV. RESULTS AND DISCUSSION
The results of evaluating lnVSA, FCR and KLD for the
PD patients are given in Table 1.
Table 1. Subject set description, static and kinematic
estimates. Nxxxx: Normative subjects; Pxxxx: pathologic
subjects. UPDRS refers to section III of the rating scale.
Subject Gender Age UPDRS InVSA FCR
N1003
F
63
13.09
0.92
N1004
F
65
12.72
0.99
N1006
F
64
13.30
0.90
N1007
F
59
13.40
0.81
N1012
F
67
12.85
0.95
N1017
F
61
13.30
0.89
N1018
F
55
13.21
0.91
N1019
F
64
13.17
0.84
P1006
F
59
24
12.84
0.90
P1007
F
76
55
12.85
0.90
P1008
F
78
23
13.01
0.85
P1020
F
64
8
12.82
1.03
P1021
F
65
5
13.33
0.87
P1022
F
72
6
12.96
0.99
P1025
F
64
8
13.09
0.85
P1026
F
76
12
13.00
0.93
N2001
M
59
12.49
0.83

KLD
47.10
29.89
18.34
38.99
64.54
35.53
22.29
25.30
38.69
76.31
37.87
100.14
63.67
67.75
57.25
44.42
24.98

Subject Gender Age UPDRS InVSA FCR
N2002
M
68
12.60
0.95
N2008
M
70
12.74
0.95
N2009
M
68
12.48
0.93
N2010
M
73
12.14
1.02
N2011
M
55
12.62
0.89
N2013
M
54
12.61
0.97
N2014
M
62
12.04
1.04
P2005
M
46
25
12.45
1.29
P2009
M
66
14
12.46
0.92
P2010
M
66
39
12.22
1.00
P2012
M
71
35
12.14
1.03
P2017
M
71
35
12.88
1.43
P2018
M
63
19
12.08
1.03
P2019
M
63
32
12.24
0.91
P2023
M
73
12
12.14
1.00

KLD
52.77
19.50
40.06
23.37
34.80
41.22
15.88
40.32
53.92
121.42
62.15
34.83
55.47
45.06
77.03

It may be seen that although lnVSA and FCR show
some differences between the normative and
pathologic sets, these do not show as remarkable
differences as in the case of KLD. To appreciate the
relevance of these differences two-tail t-tests have been
evaluated between each pathological subset and its
normative counterpart. The results of the tests based in
the identity of the means (H0) and different variances
are shown in Table 2.
Table 2. T-tests on the results between normative and
pathologic sets.
Feature/Subset
VSA/Females
VSA/Males
FCR/Females
FCR/Males
KLD/Females
KLD/Males

p-value
0.252
0.451
0.885
0.495
0.016
0.020

HO
Not rejected
Not rejected
Not rejected
Not rejected
Rejected
Rejected

It may be seen that neither lnVSA nor FCR are able of
distinguishing the normative and the pathologic sets
under a significance level of 0.05. On its turn KLD is
able of differentiating pathologic cases from normative
ones in both gender sets with a clear significance.
V. CONCLUSIONS
These results would avail the importance of dynamic
features derived from kinematic variables, as a
complement to static features. It is also clear that the
formulation of speech dynamics in terms of probability
density functions of the kinematic variables allow the
use of Information Theory principles to differentiate
between dysarthric and normative speech. One of the
inconveniences of KLD is its asymmetry. For this
reason, other similar metrics are sought with a more
balanced behavior. Besides, given the reduced number

of subjects included in the study this methodology is to
be tested against a larger database.
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Figure 2. Example of the first two formants extraction from a sequence [a:, i:, u:]. Top: speech signal. Middle: first two formants
from LPC spectral estimation. Bottom left and right: formant projection on the vowel triangle. Black circles give the vowel
centroids and the vowel triangle centre of gravity to evaluate the lnVSA and the FCR, which are shown superimposed on the
vowel triangle.

