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ABSTRACT

Hypothesis: Objective dysphonia assessment can be used to analyze voice quality, similarly to audiograms for ana-
lyzing hearing.

Study objective: Advances in tools for objective voice assessment can be used to develop multiparametric voice-
analysis protocols based on acoustic and aerodynamic measurements. Our objective was to evaluate a multipara-
metric protocol comparatively with perceptual analysis by a panel of listeners.

Methods: Voice samples from 270 women with dysphonia and 38 female controls and from 121 men with dysphonia
and 20 male controls were subjected to perceptual analysis by a panel of experts and to objective evaluation using
acoustic measurements (jitter, Lyapunov exponents, signal-to-noise ratio, and vocal range) and aerodynamic mea-
surements (oral air flow and estimated subglottic pressure).

Results: Discriminant analysis showed concordance between the objective assessment and the perceptual analysis
in 81% of women and 84% of men.

Conclusion: Despite difficulties in comparing the continuous speech evaluated by listeners and the sustained vowel
sounds used for objective measurements, the use of aerodynamic variables and of nonlinear dynamics has impro-
ved the concordance between perceptual and objective evaluations.
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INTRODUCTION

Reliable assessments of dysphonia are essential to
compare diseases, patients, or treatments. Available
dysphonia assessment methods range from percep-
tual analysis and self-evaluation questionnaires to a
variety of objective measurements [revue in 1].

Here, we report a method for objective dys-
phonia assessment based on both acoustic and aero-
dynamic measurements [2]

Many measurement techniques [reviewed in 3
and 4] and multiparametric protocols have been
described [5-6]. Although the best protocol is not
universally agreed on, most of the available studies
share a number of similarities. Thus, perceptual
analysis by a panel of listeners served as the re fe-
rence standard against which the objective parame-
ters we re evaluated [5]. In addition, seve ral objecti-
ve parameters were used, because of measurement
variability and of the multidimensional nature of
voice [6]. Use of perceptual analysis as the referen-
ce standard is warranted, since perception plays a
key role in the communicative function of voice [7].
Patients with dysphonia seek medical help because
their voice quality is altered; therefore, changes in
voice quality should be used to evaluate treatment
efficacy. However, variations in individual percep-
tions of voice quality constitute a major impediment
to reliable perceptual analysis, as shown by nume-
rous studies [8].

To capture the multidimensional nature of
voice, most studies combined seve ral acoustic and
aerodynamic parameters. Evaluations thatrely sole-
ly on acoustic parameters have proved unreliable.
Thus, Wolfe et al. investigated a combination of
four acoustic parameters: mean fundamental fre-
quency (Fo), jitter, shimmer, and hammonic-to-noise
ratio [5]. Regression analysis showed that concor-
dance between these four parameters (with a major
contribution of Fo and shimmer) and perceptual
analysis was only 56%, which was not sufficient for
clinical use.

Piccirillo et al. investigated a combination of 14
objectie acoustic and aerodynamic parameters [6]
in 97 patients with dysphonia and 35 controls. The
parameters included subglottic pressure, oral air-
fl ow, intensity (weak, medium, strong), frequency
(lowest, medium, highest), vocal range, laryngeal
rsistance, maximum phonation time, transglottic
airflowrate, and electroglottograp hy. Four variables
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were significant by regression analysis: subglottic
pressure, oral airflow, maximum phonation time,
and vocal range. Wuyts et al. used data from a mul-
ticenter study conducted in Belgium to develop the
Dysphonia Severity Index (DSI) [9]. They investi-
gated 319 individuals with dysphonia due tovarious
conditions and 68 controls. Thirteen objective
acoustic and aerodynamic parameters were collec-
ted, and perceptual analysis was performed using a
fourpoint scale (0, normal voice; 3 severe dyspho-
nia). Four parameters were significant by multiva-
riate regression analysis: highest frequency (Fo-
High, in Hz), lowest intensity (I-Low, in dB), maxi-
mum phonation time (MPT, in s), and jitter (%). The
DSI was obtained using the following linear regre s-
sion equation based on these four parameters:
DSI = 0.13*MPT (s) + 0.0053*Fo-High (Hz) —
0.26*I-Low (dB) — 1.18*Jitter (%) + 12.4. Values
from O to -5 indicated increasingly seve re dysphonia
and values from O to +5 increasingly mild dyspho-
nia, with +5 indicating a normal voice. By discrimi-
nant analysis, however, concordance between these
four objective variables and perceptual analysis was
only 56%, which was too low to be useful as a cli-
nical or medico-legal tool.

Since 1990, we have been developing a device
and a method aimed at providing clinicians with a
tool for voice quality assessment that could serve
both for clinical and for medico-legal purposes. Our
goal is to obtain an altern ative to analysis by a panel
of listeners, which is too cumbersome for use in
everyday practice. Jointly with the Speech and
Language University at the Provence University
(UMR CNRS 567), France, we developed the
EVA® workstation that uses a special mouthpiece to
provide concomitant measurements of acoustic and
aerodynamic parameters [2]. We previously descri-
bed a nultiparameter protocol for objective voice
assessment using the EVA® system in patients with
dysphonia [10]. In this previous study, we included
63 men with dysphonia and 21 controls, in whom
we recorded ten objective acoustic and aerodynamic
parameters: Fo, intensity, jitter, the Lyapunov expo-
nents (an index of vibratory stability that resembles
jitter but does not require previous determination of
frequency) [11]), signal-to-noise ratios (SRf>0 and
SRf>1kHz), oral airflow, estimated subglottic pre s-
sure, vocal range, and maximum phonation time. By
discriminant analysis, the objective assessment sho-
wed 86% concordance with the perceptual analysis.
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This encouraging result was consistent with clinical
use of the protocol. Here, we sought to define the
combination of objective parameters that best pre-
dicted the perceptual analysis grade.

PATIENTS AND METHODS

Study participants

We retrospectively studied voice samples from the
voice data bank of the ORL Federation, Timone
Teaching Hospital, Marseille, France. We included
all the samples from adults that were of sufficient
technical quality (most notably free of saturation) to
allow a meaningful perceptual analysis. The diagno-
sis had been established by indirect laryngoscopy
using arigid endoscope (in most cases) or a flexible
endoscope (in patients with a strong gag re fl ex) per-
formed as part of an otorhinolaryngologic evalua-
tion. Stroboscopic illumination was used in difficult
cases. The diagnoses included vocal fold dysfunc-
tion, organic vocal fold lesions, and unilateral vocal
fold palsy. Voice recordings were obtained before
medical treatment, surgery, and speech therapy.

Perceptual analysis

Voice samples were recorded in a soundproof room
using a digital audiotape recorder (Tascam DA-20,
Tascam, Tokyo, Japan). Each study participant was
asked to read the first few sentences of a well-
known children’s book (La Chevre de M. Seguin by
Alphonse Daudet), at a comfortable pitch and volu-
me and as naturally as possible.

Overall voice quality was analy zed by a panel of lis-
teners, who used a 10-point visual analog scale (0:
nomal voice; 10: seve re dysphonia). The panel was
composed of four individuals who had several years
of experience with assessing voice quality, two
speech therapists and two phoniatrists (physicians
specialized in voice disorders). The samples were
presented to the panel in random order on three
occasions, so that each sample was assessed 12
times (three times by each of four listeners). The
best and wo rst scores were re moved and the mean of
the 10 remaining scores was computed and conver-
ted to a grade as previously described [12]: score O-
1, grade O (normal voice); score 1-5, grade 1 (mild

dysphonia); score 5-9, grade 2 (moderate dyspho-
nia); and score 9-10, grade 3 (severe dysphonia).

Objective measurements

Objective measurements were obtained using the
EVA® system (SQ-Lab, Aix-en-Provence, France).
The study participant was asked to utter a sustained
/a/ at a comfortable volume and at a pitch as close as
possible to the participant’s natural voice. After
several trials, the examiner selected the utterance
believed by the examiner to best replicate the parti-
cipant’s natural voice as assessed perceptually
during the reading test. The selected utterance was
recorded digitally.

The data were recorded during a 2-second window.
The window started 200 ms after signal onset, in
order to eliminate instability related to signal onset
(Figure 1). The following were recorded: Fo (Hz),
intensity (dB), jitter factor (%), oral airfl ow (cm3/s),
signal-to-total noise ratio (SRf>0), and signal-to-
noise>1kHz ratio (SRf>1kHz). On the same portion
of the signal, we determined the Lyapunov expo-
nents (bits/s) using software that replicates the pre-
viously described algorithm [11] based on signal
phase portrait analysis. The procedure was perfor-
med in triplicate, and the mean of the three values

Figure 1: Signal display on the EVA® system.
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Top: frequency vs. time.

Middle: intensity vs. time.

Bottom: oral airflow over time. Selection of the
window used to compute the main parameters.

A: the first 200-ms stretch of the signal is not ana -
lyzed;

B: 2000-ms window used for the analysis.
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was used for the study.

We did not measure shimmer, whose reliability see-
med limited with version 1 of the EVA® system,
which was the only version available at the time of
the study. (We now use version 2, in which a loga-
rithmic manipulation improves the rliability of
shimmer measurements.)

Subglottic pressure (hPa) was measured using the
sensor in the EVA, system and Phonedit software. A
tube was placed in the participant’s mouth, and the
participant held it between the front teeth, taking
care not to squeeze it out of shape. The participant
was asked to pronounce the syllable /pa/ ten times,
at normal pitch and volume, at a rate of about one
per second. The first and last values were elimina-
ted, leaving six values for estimating subglottic
pressure.

For each participant, mean estimated subglottic
pressure was computed. We determined vocal range
by asking the participant to utter two sounds, one
with the lowest and the other with the highest pos-
sible pitch. The EVA, was then used to determine
the pitch of each sound and to compute vocal range
as the difference between the two pitches (Hz). For
maximum phonation time determination, each parti-
cipant was asked to utter a sustained /a/, maintai-
ning the utterance as long as possible at comfortable
pitch and volume. Cursors placed at the beginning
and end of the digitalized signal recording were
used to determine phonation time. The mean value
of three consecutive trials was used for the study.

Statistical analysis

Systat 7.0® for Windows® (Systat Software Inc.,
Chicago, IL) was used. For the descriptiw analysis,
we computed mean values and standard deviations
(SDs) in each diagnosis group and dysphonia-seve-
rity group. This allowed us to assess the influence of
the diagnosis on voice quality compared to the
control group. We then conducted a comparative
analysis to determine whether the objective parame-
ters effectively discriminated normal participants
from patients having dysphonia and accurately dis-
ciminated among the dysphonia grades. Several
variables were non-normally distributed, and the
numbers of patients with each diagnosis vared
widely. Therefore, we used the Mann-Whitney non-
parametric test to compare the patient groups and
the control groups, as well as the groups defined
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according to dysphonia severity. P values smaller
than 0.05 were considered statistically significant.
Posthoc discriminant analysis was performed using
a previously described algorithm [8].

RESULTS

We evaluated 449 voice samples from 391 patients
with dysphonia (270 women and 121 men) and 58
controls (38 women and 20 men). Mean age was 42
years (range, 19-76) in the patients and 38 years
(20-62) in the controls. The distribution of dia-
gnoses (Table I) varied markedly between the men
and women, precluding comparisons between these
two populations. Objective measurement values in
the patients and controls are reported in Tables Ila
and IIb. Objective measurements are compared to
perceptual analysis grades in Table III. The grade
was 0 (normal voice) in 49 women, although there
were only 38 female controls, and in 25 men,
although there we re only 20 male contmols.

In our retrospective discriminant analysis, we iden-
tified the combination of objective measurements
that produced the best concordance with the percep-
tual analysis. To this end, we used a previously des-
cribed nonlinear algorithm [8]. The parameters that
performed best in women in the stepwise phase of
the analysis were vocal range, Lyapunov exponents,
estimated subglottic pressure, maximum phonation
time, oral airflow, SRf<lkHz, and Fo. In men, the
best parameters were vocal range, Lyapunov expo-
nents, maximum phonation time, estimated subglot-
tic pressure, Fo, and signal-to-noise ratio. The dis-
crimination tables obtained using these parameters
and the algorithm are shown in Tables IV a and IVb.
Concordance was 81% in women and 84% in men.
Concordance regarding separation of normal voices
from dysphonic voices was 93% (117/126) in
women and 93% (44/47) in men. We did not test dis-
crimination according to the diagnosis.

DISCUSSION

Our objective was to validate our EVA® measure-
ment protocol in a large population of patients with
dysphonia, comparatively to controls. Concordance
rates with perceptual analysis were 81% in women
and 84% in men, indicating that our combination of
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Table I: Distribution of the diagnoses in the

female and male patients.

Note the differences between females and males

(e.g., nodules in 89 (29%) females compared to

only 8 (5%) males)

Women | Men

Controls 38 20
Functional dysphonia 15 9
Nodules 89 7
Polyps 50 41
Reinke’s edema 47 8
Cysts 23 4
Sulcus vocalis 10 4
Unilateral palsy 36 29
Leukoplasia - 19
Total 308 141

Table II: Objective measurement values according to diagnosis.

In the groups with organic disease, most of the parameters differed significantly from values in the controls.
In contrast, differences were not significant between patients with functional dysphonia and controls.

I1a Women (270 patients and 38 controls)
n Fo | Jitter | Range LC Int OAF |ESGP | S/NR | S/N R>1khz | MPT

Hz) | (%) | Hz) | bitsls) | (dB) | (cm3/s) | (hPa) | (db) (dB) (s)
Controls 38 | 215 | 051 | 418 112 (877 136 | 6.6 | 606 23.9 13.4

23) l4an] 24) | 68 |33 | 56 | (1.5 | (10.9) (1.5) (5.7)
Functional 15 | 198 | 051 | 405 157 [866 | 140 | 6.8 | 539 18.9 11.9
dysphonia ©67) | 0.10)] (142) | ©4) | 53| 6D | 1.8) | (15.7) (7.2) (3.3)

0.313]0.525| 0.230 | 0.095 [0.230| 0.747 | 0.960 | 0.247 0.040 0.565
Nodules 89 | 207 [ 094 | 275 | 206 [8388| 186 | 84 | 549 18.4 10.0

(27) | (1.66)] (145) | (329) | (5.5) | (84) 24) | (16.6) (8.8) (4.0
0.086 | 0.004] 0.001 | 0.005 10.353] 0.001 ]0.001 | 0.083 0.001 0.001

Polyps 50 [ 196 | 115 202 [ 220 [893 ] 213 [ 12.1 | 542 15.7 7.7
33) |a.on| @5 | as83) |@n | 109 |20 | (14.0) (6.1) 2.8)
0.005 | 0.001 | 0.001 | 0.001 [0.145] 0.001 |0.001 | 0.032 0.001 0.001
Reinke’s 47 | 163 | 277 | 166 | 351 [89.7 | 236 | 102 | 476 12.3 75
edema 39 @713 67 | 360) | 5.6) | 106) | 3.4 | (17.2) (7.2) (3.0)
0.001 | 0.001 | 0.001 | 0.001 |0.113] 0.001 |0.001 | 0.001 0.001 0.001
Cysts 23 | 208 | 1.33 | 251 278 | 89.7 | 191 | 104 | 522 15.7 73
@7) |2,388) (102) | 387) | 6.6)| 88) | 3.9 | (13.6) (7.0) 2.2)
0.382 | 0.001 | 0.001 | 0.002 |0.047| 0.011 |0.001 | 0.035 0.001 0.001
Sulcus 10| 220 [o082] 226 179 [90.7 | 216 | 102 | 53.6 14.7 9.3
vocalis 36) [050] @7 | 79 |G| @8 |39 | 1249 (6.3) (5.3)
0.2971 0.002 | 0.001 | 0.006 |0.147] 0.041 | 0.004 | 0.094 0.002 0.041
Unilateral 36 | 220 | 1.78 | 204 | 334 [87.1| 244 | 87 | 508 15.1 7.0
vocal fold @3 |c2n| 09 | @wn |6a | asan | 9 | a7.7) (6.6) 5.7
palsy 0.758 | 0.001 | 0.001 | 0.001 {0.435| 0.001 |0.001 | 0.016 0.001 0.001

The values are the means followed by the standard deviation in parentheses and the P value for the patients vs.
controls in italic type (Mann-Whitney test). Significant P values (<0.05) are underlined
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IIb Men (121 patients and 20 controls)

n | Fo |Jitter | Range | LC | Int | OAF |ESGP | SNR [ S/NR>lkhz | MPT
Hz) | %) | Hz) | witsss) | @B) [(cm3ss) | (Pa) | (db) (dB) (s)
Controls 20 | 124 | 055 320 | 151 |918| 156 | 63 | 62.1 20.1 21.7
QD 015 200 | 75 [co0] ©6» a7 a6 @09 |73
Functional 9 | 130 | 0.71 | 355 | 209 |94.1| 163 | 7.7 | 45.1 17.5 19.0
dysphonia @D [©037] 135 | 153) [(73)]| 90 | 3.0 | 228 | 125 |70
0.528|0.370| 0.524 | 0.579 |0.164| 0.850 |0.069 | 0.085| 0505 |0.493
Nodules 7 | 127 | 1.6 | 301 | 404 | 934 206 | 109 | 494 13.0 14.9
an | an| a7y | G460 [0 @1 | @ | 2249 6.1 |(13.3)
0.839]0.049| 0.700 | 0.297 0.518| 0.174 |0.013 | 0205 | 0264 |0.393
Polyps 41 | 127 | 3.1 | 138 | 387 |932| 294 | 104 | 532 14.1 9.7
Q6) | @ | ©2) | @7 (64| 145 | 37 | q4an (8.0) (5.5)
0.510] 0.001| 0.001 | 0.014 |0.259| 0.001 |0.001 | 0.054| 0.046 |0.001
Reinke’s 8 | 120 [ 232 125 | 271 [940] 237 [ 124 | 60.0 18.5 3.0
edema 30 |3.12)| 76 | a13) [@n ]| ©60) | 5.0 | ©.1 5.7 4.4)
0.7401 0.319| 0.001 | 0.014 |0.280| 0.008 |0.002 | 0.689 | 0.689 |0.001
Cysts 4 | 133 | 1.13| 150 | 204 | 933 | 271 | 142 | 566 18.7 10.5
3 |aasy| 72 | 125 (61| 150) | 32) |12 27 |84
0699 0.486| 0.045 | 0.268 0.727] 0.075 | 0.008 | 0.551 0670 |0.067
Sulcus 4 | 171 | 1.60 | 141 | 323 | 937 318 [ 11.9 | 550 13.3 6.9
vocalis Qo) |(1.79| a15) | 122) |77 ] 156) | @.9) | (15.8) (7.4) (1.7)
0.028]0.293| 0.005 | 0.021 [0.749| 0.083 |0.018 | 0.482 0421 |0.006
Unilateral 29 | 151 | 675 | 153 | 582 |90.6 | 474 | 244 | 53.1 1.5 42
vocal fold 33) [8.53)| 78 | 623) [ 5.0 | 287) | 7.5 | (15.6) (7.3) Q2.7)
palsy 0.005|0.001 | 0.001 | 0.001 |0.555| 0.001 |0.001 | 0.07 0.004 |0.001
Dysplasia 10 | 147 | 497 | 134 | 1002 | 87.5| 232 | 165 | 43.7 7.7 10.6
@3) |3.83)| 1) | 767 [ (4.9 | 118) | 0.5 | 15.0) 4.4) (5.4)
0.143| 0.001 | 0.001 | 0.001 |0.041| 0,075 |0.001 | 0.040 | 0.002 |0.005

Table III: Crude means (SD) of objective parameter values in males (M) and females (F) according to
grade determined by perceptual analysis.
The large SD values indicate marked within-group variability.

Grade 0 - F/M (49/25) | Grade 1-F/M (83/26) | Grade?2 - F/M (141/57) Grade 3 - F/M (35/33)
Fo(Hz) F 218 (28) 204 (34) 195 (37) 208 (57)
M 122 (24 131 27) 130 (33) 167 32)
Int(dB)  F 88 (4) 88 (5) 39 (5) 39 (5)
M 92 (5) 92 (1) 93 (5) 89 (9)
Jitter(%)  F 0.49 (0.13) 0.60 (0.28) 1.13 (1.53) 451 (5.54)
M 0.55 (0.16) 1.02 (0.65) 2.02 (2.75) 10.58 (13.21)
LC F 117 (74) 133(76) 249 (291) 622 (536)
(bits/s) M 156 (83) 217 (141) 323 (251) 950 (1000)
SN-R F 584 (13.8) 56.7 (14.2) 52.2(15.4) 40.6 (19.2)
£50(%) M 62.1 (14.1) 49.2 (19.2) 58.7 (11.1) 40.7 (14.4)
SNR (%) F 23.1(7.8) 19.2 (7.4) 15.0 (7.2) 10.1 (6.4)
f>1kHz M 21.7 (9.9) 15.5 (10.3) 15.1 (6.5) 7.0 (4.3)
OAF F 136 (58) 168 (59) 210 (102) 305 (151)
(cm3dls) M 153 (66) 191 (69) 322 (162) 446 (287)
ESGP F 6.7 (1.5) 7.7 (2.0) 9.9 (3.2) 11.2 (4.0)
(hPa) M 6.7 (1.6) 9.7 (3.4) 10.8 (3.3) 14.2 (4.2)
Range F 410 (127) 316 (130) 199 (87) 168 (31)
(Hz) M 294 (133) 215 (136) 141 (86) 141 81)
MPT (s) F 13.6 (5.1) 10.5 (4.0) 7.6 (2.9) 5.3 (3.0)
M 24.0 (8.8) 13.4 (5.0) 9.3 (4.8) 4.7 2.7
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acoustic and aerodynamic parameters measured
using the EVA® is reliable for clinical and medico-
legal evaluations of patients with dysphonia.
Nevertheless, a number of points deserve discus-
sion.

Vari ability of perceptual assessments

Each listener has a personal appreciation of voice
problems that depends on training (hearing anchor)
and listening conditions (the voice of the previous
patient and seve ral other factors). Variability across
listeners decreases as expetience with perceptual
analysis increases [12]. Therefore, variability can be
decreased by using a panel of experienced listeners.
Perceptual analysis by a panel of experienced liste-
ners is currently the most widely used reference
standard for voice quality assessment. Because lis-
teners often experience difficulties in classifying
patients with intermediate dysphonia grades, we
used a visual analog scale score, which was secon-
darily converted to a grade on a 4-point scale [13].
However, the listener panel method is extremely
cumbersome, and altern atives that are better suited
to everyday practice are needed. Therefore, the
value of objective measurement systems must be
determined comparatively to perceptual analysis.

Difference in voice samples used for perceptual
analysis and objective measurements

Continuous speech is used for perceptual analysis
and a sustained vowel for objective measuements.
Clinicians frequently object to this difference, even
when the conrelation with perceptual analysis is sta-
tistically validated. The theoretical framework of
perceptual analysis by a panel of listeners is ill-defi-
ned. The listeners are asked to assess a quality, such
as hoarseness or breathiness, of a continuous speech
sample. Howeve r, dysphonia does not affect all the
vowels in the same way during continuous speech.
For instance, in patients with unilateral vocal fold
paralysis, vocal-fold approximation and vibration
may vary across portions of the sample. As a result,
the listener perceiwes variable degrees of dysphonia
across phonemes (i.e., grade O for some phonemes
and grade 2 for others) and must decide which
degree defines the dysphonia grade. The cognitiwe
processes used to make this decision are obscure.
The impact of voice samples on perceptual analysis
is being inwestigated by Révis and colleagues [14],

Table IV. Concordance between dysphonia
grade as determined by perceptual analysis
and group defined by objective parameters.

IVa Females (n : 308)
Groupe Groupe Groupe Groupe %

0 1 2 3 correct
Grade 0 45 4 0 0 92%
(n:49)
Grade 1 5 72 6 0 87%
(n:83)

Grade 2 2 19 104 16 74%
(n:141)

Grade 3 0 0 6 29 85%
(n:35)
Total 52 95 116 45 81%

IVb Males (n : 141)
Groupe Groupe Groupe Groupe %

0 1 2 3 correct
Grade 0 22 1 0 0 96%
(n23)
Grade 1 2 22 2 0 84%
(n :26)
Grade 2 0 10 42 5 74%
(n:57)
Grade 3 0 0 1 32 97%
(n:33)
Total 24 26 22 12 84%

The numbers of correctly classified study partici -

pants are indicated in bold type on the diagonal.

although many additional studies are needed. The
data from these studies may allow the development
of automated signal analysis methods that replicate
the cognitive processes used by listeners. Such
methods would lead to objective studies of speech,
or vowels from speech, instead of isolated vowels.

Validity of objective measurements

Objective measurements must meet three criteria:
(1) they must carry pathophysiological significance;
(2) they must discriminate between normal and
abnormal voices; (3) and their results must reflect
dysphonia severity [3]. The results reported here
confirm that the EVA® system produces reliable
measurements of objective parameters: the measure-
ments can be interpreted in terms of pathophysiolo-
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gy and subjected to statistical analysis.
Measurements obtained using nonlinear dynamics
will be discussed later in this article.

The reliability of objective parameters can be
assessed in terms of variability. Vanability increases
with the severity of dysphonia. Our data support
earlier evidence [3-4] that considerable variability
may occur, most notably regarding signal instabili-
ty. At the Workshop on Voice Analysis held in
Denver in Febmary 1994, Titze suggested classi-
fying voice signals into three types that may require
different objective evaluation methods (unpublished
data). Periodic or quasi-periodic signals (type 1,
nommal or mild dysphonia) remain unchanged throu-
ghout the analysis window. In this situation, statisti-
cal measurement of periodicity is satisfactory, and
only jitter values less than 5% can be considered
significant. Type 2 signals, such as those seen in
moderate dysphonia, contain subharmonics, modu-
lations, and bifurcations and cannot be defined by
the mean Fo. Graphic tools such as spectrograms,
phase portraits, and Fo plots are more appropriate
but difficult to quantify. Type 3 signals, whichoccur
in seve re dysphonia, are chaotic and devoid of per-
iodic components. Perceptual analysis of hoarseness
is the only feasible method in this situation.
However, this approachis not well suited to medico-
legal or clinical purposes, as the severity of dyspho-
nia must be determined first, before using the cor-
responding measurement approach. This situation
would be similar to using diffe rent methods and
audiometers for obtaining audiograms in patients
with mild, moderate, and severe hearing loss. The
best means of circumventing this difficulty is multi-
parametric assessment. However, the main obstacle
may reside in selection of approprate voice mate-
rial, rather than in the objective measurement
method itself. Ideally, all the objective measure-
ments should be obtained for each vowel and the set
of measurements should then be processed using a
decision-tree based on the cognitive processes used
by listeners. Such a decision-tree is not available at
present.

In practice, our results are consistent with data
in the literature, most notably those reported by
Piccirello et al., Wuyts et al., and Dejonckere et al.
[6, 9, 15]. Two of the most reliable parameters in
these studies were vocal range (and its variants) and
maximum phonation time, both of which can be rea-
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dily determined in everyday clinical practice.
Furthemnore, all the available studies emphasize the
many uncertainties that surround acoustic parame-
ters, which contrast with the reliability of aerodyna-
mic parameters such as oral airflow and estimated
subglottic pressure. Our study confirms that compu-
ter-assisted voice analysis based solely on acoustic
parameters is not reliable at present. However, this
conclusion may need to be revised if advances are
achieved, most notably regarding spectral analysis
and signal-to-noise evaluation.

Parameters obtained using nonlinear methods

The usefulness of nonlinear signal analysis in eva-
luating dysphonia has been established over the last
10 years by Titze et al. [16], Herzel et al. [17], and
Berhman et al. [18]. Our group developed an algo-
rithm for computing Lyapunov exponents [11],
which was a key tool in the present study.
Nonlinear dynamics evolved from chaos theory. A
description of their theoretical framework and
methods would be beyond the scope of this article.
The underlying principle is that vocal fold function
is not strictly symmetrical and synchronous between
the two sides. The small asymmetries, irregularities,
and imperfections in vocal fold function can be vie-
wed as degrees of liberty [17-18]. Nonlinear measu-
rements seek to detect the ex pression (which may be
partial) of these degrees of liberty. This objective
can be achieved by using new indices, whose patho-
physiological significance remains somewhat
unclear, such as fractal dimensions [19] and
Lyapunov exponents [11]. These indices can be
likened to signal stability indices, such as jitter and
shimmer for instance. Howeve r, they do not require
previous determination of frequency, which varies
considerably in dysphonia. The next few years will
witness the emergence of new concepts that will
serve to validate nonlinear methods and to clarify
their clinical significance and relevance.

CONCLUSION

A nultiparametric objective voice analysis protocol
is available for adding to the perceptual analysis of
patients with dysphonia and of their physicians. Our

4
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study confirms that two classic parameters, maxi-
mum phonation time and vocal range, are highly
relevant and reliable. Flow and pressure measure-
ments are useful adjuncts, although they require
costly equipment. Finally, nonlinear signal analysis
methods are useful and will no doubt take on gro-
wing importance in the near future.
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