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Purpose : Vowel space is useful as an objective acoustic evaluation for the analysis of speech
intelligibility of dysarthric speakers. However, vowel space has the disadvantage of low
clinical usefulness because it is a hand-corrected measurement method that the user must
calculate using a specific formula. The purpose of this study is to determine the correlation
between vowel space and the usefulness of measuring speech intelligibility of spastic
dysarthria through formant transition, an automated measurement method.

Methods: Vowel space and formant transition parameters were measured in spastic
dysarthria (715) and control group (z=15). For vowel space, /a/, /i/, and /u/ were recorded
to analyze VAL FCR, and F2;, ratio. Formant transition was rapidly repeated /iu/ to analyze
F2magn, F2rate, and F2reg.

Results: In the analysis of vowel space, the VAI was lower, the FCR was higher, and the
F2uy ratio was significantly lower (p{.05) than in the control group. In the analysis of
formant transition, F2magn, F2rate, and F2reg were significantly lower in paralysis compared
to the control group (2.05). As a result of performing correlation analysis between vowel
space and formant transition, there was a high correlation (.8). It was found that the
formant transition, F2magn, F2rate, and F2reg, were highly correlated with VAI and FCR,
and tongue movement was reduced due to the centralization of vowels, resulting in poor
speech intelligibility.

Conclusions: Using objective data of vowel space and formant transition parameters, the
speech intelligibility of spastic dysarthria could be objectively measured. In addition, formant
transition using an automated program has been confirmed to have a high correlation with
vowel space, and is expected to be useful in clinical practice.
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Table 1. Participants' information

Lesion

No. Age Diagnosis sites Severity  Type
1 48  Cerebral infarction FL Mild SD
2 60  Cerebral infarction LV Mild SD
3 69  Cerebral infarction LV Mild SD
4 57  Cerebral hemorrhage CS Mild SD
5 59  Cerebral hemorrhage CN Mild SD
6 63  Cerebral infarction cC Mild SD
7 59  Cerebral infarction LV Mild SD
8 74  Cerebral hemorrhage LV, CS Mild SD
9 71  Cerebral hemorrhage THA, LV Mild SD
10 53 Hemorrhagic infarction THA Mild SD
11 81  Cerebral infarction FL, TL Mild SD
12 69  Cerebral infarction FL Mild SD
13 53  Cerebral infarction CcC Mild SD
14 62  Cerebral infarction CcC Mild SD
15 48  Hemorrhagic infarction THA Mild SD

Note. CC=corpus callosum; CN=caudate nucleus; CS=centrum
semiovale; FL=forntal lobe; LV=lateral ventricle; THA=thalamus;
TL=temporal lobe: SD=spastic dysarthria.
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Table 2. Parameter of F2 transition

Described

This is the magnitude of the variations of
the second formant of the client during
this vocalization. If the vocalization has
neutralized vowels, reflecting reduced
motility of the articulators, the F2
magnitude is reduced.

This is the rate of the variations of the
second formant of the client during this
vocalization. This assesses the rate in
which the speaker can change to the
different positions of the vowels.
Reduced motility of the articulators can
be reflected in a reduced rate of
variations.

This is the regularity of the variations of
the second formant of the client during
this vocalization. This assesses the
degree in which the speaker can maintain
a regular periodic transition between the
different positions of the vowels. A
regular vocalization show a higher
number while an irregular vocalization
shows lower regularity.

Parameter  Unit

F2magn Hz

F2rate S

F2reg %

Note. F2magn=magnitude of F2 variations; F2rate=rate of F2
Variations; F2reg=regularity of F2 variations.
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Figure 1. Formant transition analysis screen using MSP
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Table 3. Results of vowel space parameters between groups

Parameter Dysarthria Normal t

VAI 848 (.109) 1.048( .134) 445"
FCR 1.146 ( .151) .926( .077) 5.01
F2/iu/ ratio 2.298 (.537) 3.013( .444) -3.97

Note. Values are presented as mean (SD). VAl=vowel articulation
index; FCR=formant centralization ratio.
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Figure 2. Results of vowel space parameters
between groups
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Table 4. Results of F2 transition parameters between groups

Parameter Dysarthria Normal t
F2magn 429.82 (33.22) 493.71 (28.90) -5.62"
F2rate 1.67 (.28 2.93 (.24 -7.04
F2reg 78.81 ( 6.36) 91.10 ( 4.77) -5.99"
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Figure 3. Results of F2 transition parameters
between groups
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A% ol He37t wEp[E(VAL FCR, F2/iu/
ratio)?t F2 o] mEtu|el(F2magn, Flrate, F2reg)ete] A
BAE vwst A= Table 59 Zth VAL 3% F2magn,
F2rate, F2reg® &2 49 ABTAE YERHICH, FCR2
F2magn, PF2rate, F2reg® &2 29 ATHAE LEIH
F2/iu/ ratio® Flrate®} £ o] AATA 7} Yepyitt.

Table 5. Correlation of F2 formant transition parameters and
vowel space

VAI FCR F2/iu/ ratio
F2magn 794" -708" 356
F2rate 756 -768" 719"
Freg 825" -714”" 365

Note. VAl=vowel articulation index; FCR=formant centralization
ratio.
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Appendix 1. Distinguishing perceptual characteristics and physiologic findings by dysarthria type (Duffy, 2013)

Dysarthria type

Locus of
pathophysiology

Perceptual speech characteristics

Physical characteristics

lower motor neuron

slow rate -
strained or harsh voice quality

pathologic oral reflexes (sucking reflex;

snout reflex; jaw jerk reflex)

Spastic system and/or - pitch breaks - lability of affect
muscle - slow and regular alternating motion rates - hypertonia
AMRs - hyperactive gag reflex
. . - weakness
- continuous breathiness o
. ) - flaccidity
- diplophonia
. . . - atrophy
- audible inspiration or stridor ; .
e - fasciculations
. upper motor neuron - nasal emission .
Flaccid - hypoactive gag reflex
system - short phrases B >
) - facial myokymia
- hypernasality . N .
. o . - rapid deterioration and recovery with rest
- rapid deterioration and recovery with rest .
- imprecise AMRs - synkesis
P - nasal backflow while swallowing
- irregular articulatory breakdowns
- excess and equal stress .
. cerebellar control . q - dysmetric jaw, face, and tongue AMRs
Ataxic o - distorted vowels
circuit ) . - head tremor
- excessive loudness variation
- irregular AMRs
- monopitch
- monoloudness . .
- masked facial expression
- reduced loudness and stress - .
. . - tremulous jaw, lips, tongue
L basal ganglia control - tendency for rapid or accelerated rate .
Hypokinetic o . . : - reduced range of motion on AMR tasks
circuit - inappropriate silences )
i - resting tremor
- rapidly repeated phonemes L
g1 - rigidity
- palilalia
- rapid, "blurred” AMRs
- prolonged intervals
- sudden forced inspiration/expiration
- transient breathiness - involuntary head, jaw, face, tongue, velar,
- transient vocal strain or harshness laryngeal, and respiratory movements
- voice stoppages/arrests - relatively sustained deviation of head
- voice tremor position
Hyperkinetic basal ganglia control - myoclonic vowel prolongation - multiple motor tics
P circuit - intermittent hypernasality - myoclonus of palate, pharynx, larynx, lips,
- marked deterioration with increased rate nares, tongue, or respiratory muscles
- inappropriate vocal noises - jaw, lip, tongue, pharyngeal, or palatal
- intermittent breathy/aphonic segments tremor
- distorted vowels - facial grimacing during speech
- excessive loudness variation
- slow and irregular AMRs
- slow rate .
) . ) . . ) . - unilateral lower face weakness
Unilateral unilateral disorders - imprecise articulation . . .
. . - unilateral lingual weakness without
upper motor of the upper motor - irregular articulatory breakdowns . .
- ) ) atrophy/fasciculations
neuron neuron system - strained voice quality

reduced loudness

nonverbal oral apraxia
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