
INTRODUCTION

There is an increasing need for a reliable technique
to quantify voice disturbances and detect dysphonia

in everyday clinical practice. Current methods of
voice analysis based on perceptual scoring and laryn-
goscopic findings are well defined. However nonin-
vasive physical measurements would provide an ad-
juvant approach to dysphonia and allow reliable
comparison of voice samples (e.g., before and after
treatment), therapeutic methods (e.g., microsurgery
versus laser), or surgical groups. Despite extensive
research in this domain, there is currently no single
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widely accepted, standardized technique of objective
voice evaluation.

Numerous reports using perceptual analysis as the
gold standard for comparison have been performed
to assess the prognostic value of acoustic measure-
ments for objective voice evaluation. Eskenazi com-
pared six acoustic parameters with perceptual evalu-
ation by experienced jury listeners using the GRBAS
method on a scale from 1 to 7.1 Regression analysis
showed that jitter was well correlated with grade G
(overall dysphonia) and grade R (roughness) where-
as signal-to-noise ratio was correlated with grade B
(breathiness). Wolfe et al assessed the predictive val-
ue of four acoustic parameters, i.e., mean F0, jitter,
shimmer, and noise-to-harmony ratio in patients with
three voice disorders, i.e., nodules, paralysis, and
dysfunctional dysphonia.2 Results showed that shim-
mer was most concordant with perceptual grading
but that the degree of correlation was limited (0.54).

A major obstacle to the use of a single acoustic or
aerodynamic parameter for objective assessment of
dysphonia is that different disease processes affect
various aspects of voice performance to different de-
grees. Moreover acoustic measurements cover only
part of the information contained in perceptual analy-
sis. For this reason several teams have proposed a
multiparametric approach to enhance the scope of
data.

Piccirillo described a multiparametric method of
objective voice based on four parameters selected by
regression analysis from a panel of 14 objective mea-
surements.3 That study was carried out on 33 dys-
phonic patients and 12 controls with normal voices.
The gold standard was the GRBAS with a 4-point
scale for each component. The correlation between
the multivariate logistic voice function score and
each GRBAS component was: -0.58, -0.49, -0.73,
-0.66, and -0.65, respectively. 

Callan used the concept of self-organizing maps
(SOM) to classify subjects into four different groups,
i.e., normal, spastic dysphonia (n=30), functional
dysphonia before treatment (n=30), and functional
dysphonia after treatment (n=30).4 Discriminant
analysis showed that these four groups could be dif-
ferentiated using 6 of the 22 acoustic parameters in-
cluded in the Multi-Dimensional Voice Program
(MDVP, Kay Elemetrics, Lincoln Park, NJ).

Wuyts recently proposed a dysphonia severity in-
dex (DSI) based on the study of 319 patients with

various voice disorders and 68 patients with normal
voices.5 Objective voice evaluation was performed
using 13 acoustic and aerodynamic parameters. Per-
ceptual analysis was performed by grading the
G component of the GRBAS on a 4-point scale. Mul-
tivariate regression analysis demonstrated four perti-
nent parameters, i.e., highest frequency (F0-high in
Hz), lowest intensity (Ilow in dB), maximum phona-
tion time (MPT in s), and jitter (%). Using these four
parameters, Wuyts established a linear regression
equation. Results showed a correlation between neg-
ative DSI and severity of dysphonia. Positive DSI was
correlated with minor dysphonia. The combination of
these four parameters allowed classification of sub-
jects in the same group as perceptual analysis using
the G component of the GRBAS in 50% of cases.

The Laboratoire d’Audio-Phonologie Clinique at
the Timone University Hospital Center in Marseille
has been working in the field of objective voice analy-
sis for several years. In conjunction with the Labora-
toire Parole et Language d’Université de Provence,
we developed the EVA® workstation for objective
voice assessment. Since then, a major topic of re-
search has been designing a multiparametric protocol
using various acoustic and aerodynamic parameters
for objective evaluation of pathological voice impair-
ment. In a previous report we described a protocol
comprising acoustic and aerodynamic parameters in-
cluding jitter, signal-to-noise ratio, oral airflow, and
voice onset time.6 Results obtained using this protocol
and perceptual analysis by a listening jury were com-
pared in a population of 239 subjects with normal and
pathologic voices. However, concordance7,8 between
objective and perceptual analysis was only 66.7% and,
like the technique of Wuyts, this method was deemed
insufficient for clinical application.

Recent study in our laboratory has been aimed at
validating new parameters to improve the accuracy
of our multiparametric protocol. Initial study focused
on estimation of subglottic pressure using the EVA®

system. Findings showed that estimated subglottic
pressure (ESGP) was higher in dysphonic subjects
than in controls regardless of intensity and frequen-
cy.9 In addition our group has proposed a new
acoustic parameter based on nonlinear dynamics. In
the 1990s, Titze et al demonstrated the presence of
nonlinear events in patients with dysphonia.10 These



events can only be explained by the interaction be-
tween vocal cords, a factor not taken into account by
current vocal cord models. To specifically quantify
these events, we developed a technique to calculate
the Lyapunov coefficient (LC), which measures the
characteristics of vibratory instability as represented
in a phase portrait. A preliminary study was carried
out in a population including 26 patients with unilat-
eral vocal cord paralysis and 12 controls with normal
voices. Results confirmed that LC was significantly
higher in patients than in controls (0.570 versus
0.386). The clinical value and method of computa-
tion of LC have been described elsewhere.11

The goal of the present study was to assess the ef-
ficacy of a multiparametric protocol including LC
and ESGP for objective evaluation of disease-related
voice impairment. 

METHODS

Study population
Dysphonic voice samples from 63 male patients

were selected from our voice data bank. The mean
age of the selected patients was 49 years (range, 23
to 75 years). Only male voices were used in this
study since previous experience has shown that some
acoustic parameters (e.g., jitter) are sensitive to fun-
damental frequency and that mixed-gender popula-
tions can have a confounding effect.12–14 Laryngo-
scopic examination with stroboscopic illumination,
when needed, was performed to detect lesions on vo-
cal cords. The voices of 21 male volunteers working
in or around the laboratory were recorded for use as
controls. The mean age of controls was 38 years. All
control subjects were considered to have normal
voices and had no history of dysphonia or hearing
loss. 

Perceptual voice analysis
Voice samples were recorded in a soundproof

booth on a digital audiotape (DAT) recorder (Tascam
D 20). The microphone (Sennheiser) was placed at a
distance of 20 cm and slightly to the side of the sub-
ject’s mouth to minimize breathing noise. Gain was
adjusted to avoid saturation and ensure optimal use
of recording dynamics. Subjects were instructed to
read a standardized text at a comfortable pitch and

volume as naturally as possible without overacting.
Several trials were made until the examiner judged
the quality of recording and speech satisfactory.
Voice samples were digitalized at a sampling rate
22.050 Hz.

Recorded voice samples were evaluated by a jury
composed of six listeners including two phoniatri-
cians and four speech therapists with experience in
clinical voice evaluation as well as in studies using
perceptual voice analysis. Listeners were instructed
to score the G component (overall dysphonia) of the
GRBAS on a 4-point scale:15 G0: normal voice, G1:
slight dysphonia, G2: moderate dysphonia, G3: se-
vere dysphonia. Recordings were presented by a
computer in random order. Final scores were as-
signed by consensus of four or more jury members to
avoid interindividual variability. This consensus was
achieved in all cases.

Objective evaluation using the EVA® system
Objective voice measurements were made using

the EVA® workstation (SQ-Lab, Marseille). As de-
scribed elsewhere,6 this system allows simultaneous
measurement of acoustic and aerodynamic parame-
ters. Acoustic signals were recorded using the micro-
phone built into the pneumotachograph used to mea-
sure oral airflow. Intraoral pressure was calculated by
Phonedit software using data from a built-in pressure
sensor.

The subject was instructed to pronounce a sus-
tained /a/ three consecutive times for at least 3 sec-
onds at a comfortable pitch and volume. Several tri-
als were made to allow the examiner to select the one
he considered as perceptually closest to the subject’s
natural voice. It is important to stress that all record-
ings were made by the same experienced examiner.

Parameters were measured during a 2-second win-
dow beginning 200 milliseconds after the onset of the
signal (see Figure 1). This delay was designed to
eliminate instabilities associated with the onset phase.
Recorded data were as follows: F0 (in Hz), intensity
(in dB), jitter factor (in %), shimmer (in %), signal-to-
noise ratio (in dB), and oral airflow (OAF in cm3/s).

Jitter factor(%) = ______________________� 100
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The Lyapunov coefficient (LC) was determined on
the same window using a program based on the pre-
viously described algorithm11 and expressed in
bits/s. All measurements were performed in triplicate
and reported data correspond to the mean of the re-
sulting three values.

Intraoral pressure was estimated using a PVC tube
placed in the subject’s mouth and connected to the
pressure sensor device of the EVA® workstation. For
these measurements the subject was instructed to
pronounce /pa/ eight consecutive times at approxi-
mately 1 second intervals at normal pitch and vol-
umes. Several trials were always made. Subglottic
pressure was estimated as previously described9 by
placing a cursor at the top of the pressure peak cor-
responding to the explosive /p/ sound. These mea-
surements allowed calculation of mean estimated
subglottic pressure for each subject.

Vocal range was determined as follows. Each sub-
ject was instructed to produce the lowest-pitched

and highest-pitched sounds possible. The EVA®

workstation was then used to calculate the pitch of
each sound and the range was calculated as the dif-
ference between the two pitch values expressed in
Hertz.

Maximum phonation time was measured as fol-
lows. Each subject was instructed to pronounce /a/
for as long as possible at a comfortable pitch and vol-
ume. This sound was digitalized and its duration was
determined by placing cursors at the beginning and
end of the signal graph. The final value was the mean
of three consecutive trials.

Statistical analysis
The goal of this study was to validate our multi-

parametric protocol by comparison with the results
of perceptual analysis. For this purpose, a series of
statistical analyses was performed using Systat® 7.0
for Windows®. Probability values less than 0.05 were
considered significant.
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FIGURE 1. Selection of the stable part of the signal using a standardized 2000 ms window (B) starting
200 ms after the beginning of the signal to avoid instabilities during the onset phase (A).
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The first stage of statistical analysis consisted of
univariate analysis to identify pertinent parameters.
Comparative analysis of these parameters was then
carried out to detect significant differences between
adjacent dysphonia grades (e.g., grade 1 versus
grade 2, grade 2 versus grade 3, and grade 3 versus
grade 4). Because of the non-Gaussian distribution of
some variables and the disproportionate distribution
of different grades, the nonparametric Mann-Whit-
ney U test was used.

In the next stage of univariate analysis, a correla-
tion matrix was established to determine the relation-
ship between measured variables as well as their cor-
relation with dysphonia grade. High correlation
between variables is an indicator of redundancy and
thus is important for selecting parameters for a mul-
tiparametric protocol. We used the Pearson square
correlation factor (r 2), which expresses common
variance between two values.

After completion of univariate analysis, multivariate
analysis using the discriminant analysis method was
undertaken to classify subjects into different groups
using the selected combination of variables. The de-
fault F value settings of the Systat® software were
used, i.e., F-to-remove less than 3.9 and F-to-enter
greater than 4. The results of discriminant analysis
were then compared to the results of perceptual analy-
sis to evaluate the accuracy of objective evaluation.

RESULTS

Perceptual analysis
Grading of the dysphonic voice samples by the lis-

tener jury is given according to pathology in Table 1.
Two of the 21 subjects in the control group were clas-
sified G1 and three patients whose voices were nor-
mal at the time of recording were classified G0. The
underlying pathologies in these three patients was
functional dysphonia in two cases and vocal nodules
causing intermittent dysphonia in one case.

Univariate analysis
Table 2presents the mean and standard deviation

of each objective parameter as a function of jury
grade. The lack of correlation between shimmer val-
ues and jury grade was probably due to inherent lim-
itations of our method of instrumental measurement.
Based on this observation, shimmer was dropped
from the rest of this study. Presentation of data in the
form of box plots (Figure 2) provides better visual-
ization of the distribution of variables according to
jury grade data. These graphs demonstrate the extent
of overlapping values as a function of the variable.

Table 3shows thep values obtained when grades
were compared consecutively (i.e., G0 versus G1, G1
versus G2, G2 versus G3). All variables except in-
tensity were significantly different between at least
two contiguous grades. For this reason, no clear hier-
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TABLE 1. Jury Grading of Dysphonic Voice Samples as a
Function of Pathology

Diagnosis G0 G1 G2 G3 Total

Controls 19 2 - - 21

Nodules 1 1 2 - 4

Polyps - 12 9 1 22

Reinke’s edema - 1 4 - 5

Cysts - 1 - - 1

Sulcus - 1 1 1 3

Papillomatosis - 2 4 - 6

Dysplasia - 1 4 2 7

Dysfunctional dysphonia 2 2 - - 4

Paralysis - 2 3 6 11

Total 23 24 27 10 84
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TABLE 2. Means and Standard Deviation (in Parenthesis) as a
Function of Severity Grade

G0 G1 G2 G3

F0 (Hz) 119 122 128 175

(20.5) (29.4) (27.7) (18.7)

Jitter (%) 1,0 2.07 3,44 10.70

(0.45) (1.92) (3.05) (4.04)

Intensity (dB) 90,4 93,7 90,7 88,13

(4.57) (7.27) (6.4) (5.86)

Shimmer (%) 0.84 0.77 0.51 0.59

(0.36) (0.41) (0.31) (0.43)

Signal-to-noise ratio (%) 50,7 42,6 45,4 23,9

(16,5) (11,3) (11,7) (12,8)

Signal-to-noise ratio >1 kHz (%) 11,2 10,3 8,8 3,8

(5.3) (4.9) (4.8) (1.4)

OAF (cm3/s) 157 205 295 385

(45.5) (109) (110) (202)

ESGP (hPa) 6,1 9,4 12,7 14,4

(1,3) (3,1) (4,2) (5,5)

Range (Hz) 427 194 119 179

(168) (129) (74.4) (82)

MPT (s) 21,0 13,5 9,2 4,3

(6.8) (5.9) (5.4) (2.9)

LC (bits/s) 140 190 459 1626

(82) (108) (472) (1320)

TABLE 3. PValues Obtained When Grades 
Were Compared to Each Other Using the 

Nonparametric Mann-Whitney U Test

G0 /G1 G1 /G2 G2 /G3

Jitter 0.509 (ns) 0.063 (ns) 0.031

Signal-to-noise ratio 0.028 0.3931(ns) 0.001

Signal-to-noise ratio >1 kHz 0.509 (ns) 0.391 (ns) 0.007

OAF 0.038 0.001 0.374 (ns)

ESGP 0.001 0.005 0.549 (ns)

Range 0.001 0.050 0.054 (ns)

MPT 0.001 0.006 0.001

LC 0.115 (ns) 0.002 0.001

F0 0.865 (ns) 0.322 (ns) 0.001

Intensity 0.142 (ns) 0.131 (ns) 0.304 (ns)

Abbreviations: ns, not significant.
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FIGURE 2. Distribution of values for 10 parameters as a function of jury grade.



archy between measurements could be established
and all variables were retained for further study to
avoid any loss of information. The matrix in Table 4
shows the degree of intercorrelation between objective
parameters and jury grade. All variables except inten-
sity were significantly correlated with jury grade.

Discriminant analysis
As shown in Table 3, discriminant analysis was

carried out using the nine variables correlated with
dysphonia. Results showed six variables with rela-
tively higher F values, i.e., range, LC, MPT, ESGP,
total signal-to-noise ratio, and F0. Since covariance
between groups was not identical, quadratic analysis
was carried out using these six pertinent variables.
Severity grading using this combination of variables
was the same as perceptual analysis by the jury in
86% of cases (Table 5).

Table 6shows the F values of the variables, i.e.,
their relative contribution to discrimination as de-

tailed in Table 5. The second most pertinent parame-
ter after range was LC. This finding confirms the im-
portance of LC for objective voice evaluation.

Using Systat® for Windows®, the coefficients of
discriminant functions were determined and a dis-
crimination equation was established for each grade
(Figure 3). These equations were applied to each pa-
tient so as to obtain four values per patient. Patients
were classified in the grade with the highest value
and the respective probability of classification was
calculated for each grade. This approach allows more
precise asessment of the degree of accuracy of ob-
jective evaluation. Table 7illustrates results obtained
for each subject.

DISCUSSION

A number of studies have been devoted to develop-
ment of acoustic measurements for objective voice
evaluation and validation of their correlation with per-

536 PING YU ET AL

Journal of Voice, Vol. 15, No. 4, 2001

TABLE 4. Matrix Showing Pearson Square Correlation Coefficient (r2) Between Objective Parameters and Jury Grade 

Signal- Signal-
to-noise to-noise

Grade F0 Range MRT Jitter Intensity OAF ESGP ratio ratio >1 kHz LC

F0 0.224 1.000
(0.002)

Range 0.354 0.002 1.000
(0.001) (1.000)

MPT 0.531 0.097 0.227 1.000
(0.001) (0.220) (0.001)

Jitter 0.220 0.069 0.050 0.142 1.000
(0.001) (0.873) (1.000) (0.022)

Intensity 0.012 0.109 0.003 0.004 0.089 1.000
(1.000) (0.120) (1.000) (1.000) (0.323)

OAF 0.320 0.158 0.052 0.349 0.116 0.000 1.000
(0.001) (0.010) (1.000) (0.001) (0.085) (1.000)

ESGP 0.417 0.135 0.155 0.257 0.078 0.047 0.191 1.000
(0.001) (0.001) (0.011) (0.001) (0.557) (1.000) (0.002)

Signal-to-noise 0.160 0.272 0.073 0.032 0.249 0.018 0.013 0.153 1.000
ratio (0.009) (0.001) (0.697) (0.176) (0.001) (1.000) (1.000) (0.013)

Signal-to-noise 0.153 0.054 0.092 0.097 0.085 0.071 0.061 0.085 0.292 1.000
ratio >1 kHz (0.013) (1.000) (0.273) (0.115) (0.394) (0.794) (1.000) (0.402) (0.001)

LC 0.297 0.138 0.055 0.203 0.578 0.192 0.134 0.076 0.318 0.189 1.000
(0.001) (0.028) (1.000) (0.001) (0.001) (0.002) (0.035) (0.628) (0.001) (0.002)

Note: Probability (p) values are indicated in parentheses.
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TABLE 5. Grading of Subjects Using Six Pertinent Objective Variables

Group 0 Group 1 Group 2 Group 3 % correct

Grade 0 22 1 0 0 96

Grade 1 2 20 2 0 83

Grade 2 0 5 20 2 74

Grade 3 0 0 0 10 100

Total 24 26 22 12 86

Note: Bold numbers correspond to the number of cases that were classified in the
same grade as by perceptual analysis. The validity of statistical analysis was con-
firmed by Wilk’s lambda test (p < 0.001).

TABLE 6. F Values for
Discriminant Analysis of

Grade G

Variables F

Range 10.44

LC 8.54

MPT 5.39

ESGP 5.36

F0 3.31

Signal-to-noise ratio 2.07

FIGURE 3. Matrix showing the coefficients of discriminating functions where n = 0, 1, 2, 3; V: variable; A: constant;
B and C: coefficients of discriminating function.

TABLE 7. Classification Obtained by Discriminant Analysis Using a Model with Six Objective Parameters

Perceptual
Probability

Objective
Patient Grade Grade 0 (%) Grade 1 (%) Grade 2 (%) Grade 3 (%) Grade Classification

1 0 0.19 0.65 0.16 0.00 1 W

2 0 0.92 0.08 0.00 0.00 0 R

3 0 1.00 0.00 0.00 0.00 0 R

4 0 0.82 0.18 0.00 0.00 0 R

5 0 0.93 0.07 0.00 0.00 0 R

6 0 0.94 0.06 0.00 0.00 0 R

7 0 0.88 0.12 0.00 0.00 0 R

8 0 0.70 0.30 0.00 0.00 0 R

9 0 0.95 0.05 0.00 0.00 0 R

10 0 0.97 0.03 0.00 0.00 0 R

11 0 0.98 0.02 0.00 0.00 0 R

12 0 1.00 0.00 0.00 0.00 0 R

(continues)
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TABLE 7. (continued)

Perceptual
Probability

Objective
Patient Grade Grade 0 (%) Grade 1 (%) Grade 2 (%) Grade 3 (%) Grade Classification

13 0 0.52 0.48 0.00 0.00 0 R

14 0 0.97 0.03 0.00 0.00 0 R

15 0 1.00 0.00 0.00 0.00 0 R

16 0 0.90 0.10 0.00 0.00 0 R

17 0 1.00 0.00 0.00 0.00 0 R

18 0 0.99 0.01 0.00 0.00 0 R

19 0 0.99 0.01 0.00 0.00 0 R

20 0 1.00 0.00 0.00 0.00 0 R

21 0 0.99 0.01 0.00 0.00 0 R

22 0 1.00 0.00 0.00 0.00 0 R

23 0 1.00 0.00 0.00 0.00 0 R

24 1 0.14 0.80 0.06 0.00 1 R

25 1 0.01 0.82 0.18 0.00 1 R

26 1 0.45 0.49 0.06 0.00 1 R

27 1 0.00 1.00 0.00 0.00 1 R

28 1 0.97 0.03 0.00 0.00 0 W

29 1 0.15 0.51 0.34 0.00 1 R

30 1 0.06 0.94 0.00 0.00 1 R

31 1 0.55 0.45 0.00 0.00 0 W

32 1 0.01 0.61 0.38 0.00 1 R

33 1 0.00 1.00 0.00 0.00 1 R

34 1 0.05 0.83 0.12 0.00 1 R

35 1 0.00 0.86 0.14 0.00 1 R

36 1 0.00 1.00 0.00 0.00 1 R

37 1 0.00 0.36 0.64 0.00 2 W

38 1 0.00 0.16 0.84 0.00 2 W

39 1 0.39 0.61 0.00 0.00 1 R

40 1 0.02 0.93 0.05 0.00 1 R

41 1 0.01 0.57 0.42 0.00 1 R

42 1 0.03 0.66 0.31 0.00 1 R

43 1 0.00 0.90 0.10 0.00 1 R

44 1 0.00 1.00 0.00 0.00 1 R

45 1 0.38 0.62 0.00 0.00 1 R

46 1 0.00 0.79 0.00 0.21 1 R

47 1 0.00 0.69 0.31 0.00 1 R

48 2 0.01 0.37 0.62 0.00 2 R

49 2 0.00 0.83 0.17 0.00 1 W
(continues)
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TABLE 7. (continued)

Perceptual
Probability

Objective
Patient Grade Grade 0 (%) Grade 1 (%) Grade 2 (%) Grade 3 (%) Grade Classification

50 2 0.00 0.06 0.94 0.00 2 R

51 2 0.00 0.00 1.00 0.00 2 R

52 2 0.00 0.00 1.00 0.00 2 R

53 2 0.00 0.28 0.72 0.00 2 R

54 2 0.00 0.26 0.74 0.00 2 R

55 2 0.00 0.14 0.86 0.00 2 R

56 2 0.00 0.09 0.91 0.00 2 R

57 2 0.00 0.01 0.99 0.00 2 R

58 2 0.09 0.78 0.13 0.00 1 W

59 2 0.00 0.01 0.94 0.06 2 R

60 2 0.00 0.01 0.99 0.00 2 R

61 2 0.06 0.66 0.28 0.00 1 W

62 2 0.00 0.14 0.86 0.00 2 R

63 2 0.30 0.63 0.07 0.00 1 W

64 2 0.00 0.33 0.67 0.00 2 R

65 2 0.00 0.00 0.07 0.93 3 W

66 2 0.00 0.00 0.23 0.77 3 W

67 2 0.00 0.01 0.99 0.00 2 R

68 2 0.01 0.82 0.17 0.00 1 W

69 2 0.00 0.08 0.92 0.00 2 R

70 2 0.00 0.00 1.00 0.00 2 R

71 2 0.00 0.00 1.00 0.00 2 R

72 2 0.00 0.45 0.55 0.00 2 R

73 2 0.00 0.00 1.00 0.00 2 R

74 2 0.00 0.02 0.98 0.00 2 R

75 3 0.00 0.00 0.14 0.86 3 R

76 3 0.00 0.00 0.02 0.98 3 R

77 3 0.00 0.00 0.00 1.00 3 R

78 3 0.00 0.00 0.00 1.00 3 R

79 3 0.00 0.00 0.09 0.91 3 R

80 3 0.00 0.00 0.00 1.00 3 R

81 3 0.00 0.00 0.00 1.00 3 R

82 3 0.00 0.00 0.00 1.00 3 R

83 3 0.00 0.00 0.01 0.99 3 R

84 3 0.00 0.00 0.00 1.00 3 R

Note: In the classification column, R indicates that the patient was correctly classified and W indicates that the patient was
misclassified.



ceptual analysis and/or pathological changes. The
study design used here was established as a function
of the conclusions of previous reports in the literature.
Since voice is mainly a perceptual phenomenon, per-
ceptual voice analysis was chosen as the gold stan-
dard, as in most studies, aimed at validating objective
voice evaluation. The GRBAS scale was chosen for
perceptual analysis because its efficacy has been val-
idated in numerous previous studies.6,16–18

This study confirms the clinical value of a multi-
parametric objective voice evaluation protocol in-
cluding acoustic and aerodynamic parameters mea-
sured mainly on a sustained /a/. Our findings showed
that the acoustic and aerodynamic parameters select-
ed for the model vary in the same direction as per-
ceptual parameters and thus can be expected to pro-
vide the same conclusion as jury analysis. We
performed statistical analysis to determine if each pa-
rameter of the protocol was in agreement with per-
ceptual analysis. In addition, we compared the results
of various combinations of parameters with the jury
classification.

A frequent objection to objective voice analysis
protocol is the use of a token voice sample such as
the sustained /a/ rather than continuous speech for
perceptual analysis. This issue has been addressed in
several previous studies.7,8,29 Results of a study by
Revis et al8 on the impact of voice material on per-
ceptual analysis showed that judgments made on sus-
tained vowel samples were comparable to judgments
made on continuous speech samples. The use of con-
tinuous speech for perceptual analysis and sustained
vowels for objective analysis is methodologically in-
evitable insofar as each material is a prerequisite for
optimal performance of the analysis technique.

A total of 11 acoustic and aerodynamic parameters
were measured for each patient or control. Univariate
analysis showed nine of these parameters to be rela-
tively pertinent, i.e., consistent with overall jury
grading and significantly different between at least
two contiguous grades (p < 0.05). The pertinence of
these parameters was also confirmed by a correlation
matrix showing significant correlation (p < 0.01).
These nine parameters were submitted to quadratic
discriminant analysis to define the best model for
multiparametric assessment. Selection of parameters
was performed step by step according to the F value.
In discriminant analysis, theF value represents the

relative contribution of each variable to discrimina-
tion and its relative importance in the model. Two
types of discriminant analysis are feasible using a
combination of selected variables, i.e., linear dis-
criminant analysis and quadratic discriminant analy-
sis. Unlike linear discriminant analysis, which re-
quires identical covariance between groups,
quadratic discriminant analysis has no prerequisite
for validity and thus may optimize results.

Discriminant analysis can select different combi-
nations of acoustic and aerodynamic parameters. In
this regard, it is important that the model exhibit a
good trade-off between statistical requirements and
pathological features. A model that is statistically
sound may not be pathologically relevant. In this
study, six of the original nine parameters were se-
lected by discriminant analysis. They were range,
LC, ESGP, MPT, total signal-to-noise ratio, and F0.
This combination allowed 86% concordance with
perceptual analysis. Inclusion of LC in our model led
to a sharp improvement in the accuracy of objective
analysis (Table 6). With a 14% error rate, the accura-
cy of the protocol described herein is almost reliable
enough for clinical use. 

In another study with the same goal as this one,
Piccirillo performed objective voice evaluation on 97
dysphonic patients and 35 control subjects using a
statistical approach similar to the one described here.19

A total of 14 parameters were measured, i.e., sub-
glottic pressure, oral airflow, intensity (low, middle,
and high), frequency (low, middle, and high), range,
laryngeal resistance, glottic efficacy, MPT, transglot-
tic airflow, and maximum rate of change of contact
area. Four of these parameters were identified as per-
tinent, namely, subglottic pressure, OAF, MPT, and
voice range. Three of these parameters are the same
as in our study.

In the literature OAF and jitter have been widely
used for evaluation of the pathological voice and
have been correlated with the intensity of dyspho-
nia.19–22Although these parameters were correlated
with perceptual grade in our study, they were not se-
lected by discriminant analysis and their inclusion
did not improve the accuracy of our model. Closer
analysis of the relationship between parameters
(Table 4) provides a possible explanation for this
finding. OAF was strongly correlated with MPT, and
jitter with LC. This suggests that OAF and jitter may
have been redundant in this study.
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Another novel aspect of this study is assessment of
the probability of classification in each grade. In our
clinical experience, we have observed audible differ-
ences in the degree of dysphonia between voices
classified within the same jury grade. The most like-
ly explanation for this observation is that the 4-point
scale of grading does not fully reflect the continuum
of disease-related voice deterioration. Since it can be
assumed to be related to degree of dysphonia, proba-
bility of classification in each grade could provide a
means for more accurate voice evaluation. In Table 7,
patient 48 classified in objective grade 2 with a prob-
ability of 0.62 for grade 2 and 0.37 for grade 1 could
probably be assumed to be less severe than patient 50
classified in grade 2 but with a probability 0.94 for
grade 2 and 0.06 for grade 1. 

In previous studies, we noted that it was often dif-
ficult to discriminate between grade 1 and grade 2. In
this study all but one of the misclassified cases were
grade 1 and grade 2. The remaining case was grade
0. As in most previous studies in the litera-
ture,2,6,7,12,23,24perceptual analysis was based on a 4-
point scale. The advantage of this method is to re-
duce jury variablility but it also limits discriminatory
ability by restricting choice of degree of dysphonia.
Use of the 4-point scale in this study could have in-
creased the risk of misclassification between grades
1 and 2. Several authors have reported greater jury
variability for grades 1 and 2 probably due to internal
standards which are by definition unstable.17,24–27

However this is not the case for grade 0 (normal
voice) and grade 3 (severe dysphonic) since listeners
are highly experienced and their judgments are quite
similar in these cases.24–26Further study is needed to
improve interlistener reliability for intermediate forms
of dysphonia.

Another possible factor in misclassification is that
objective analysis was performed on the stable part
of a sustained /a/. Numerous studies have stressed
that study of the unsteady parts of the signal, such as
the onset, could provide valuable information for ob-
jective voice evaluation and allow finer discrimina-
tion of the severity of dysphonia.6,28,29 However a
relatively stable signal is a prerequisite for the use of
the EVA workstation as is the case for most other
available objective voice analysis systems. Irregular-
ities in the onset phase currently prevent objective
measurements from being made even using tech-
niques issued from nonlinear mathematics.30,31

Because this study was specifically designed to as-
sess the accuracy of the multiparametric approach to
objective voice assessment, the scope of its conclu-
sions is limited in several respects. Since no postther-
apeutic data were included (e.g., after phonosurgery),
no conclusion can be drawn as to the efficacy of the
protocol in evaluating therapeutic modalities. Since
the patient population was exclusively male, no con-
clusion can be drawn as to the efficacy of the protocol
for female voices. Since the number of patients clas-
sified in grade 3 was low, there is a possibility of bias.
Further study will be necessary to resolve these unan-
swered questions and to develop a clinically applica-
ble protocol for evaluation of voice quality, expecial-
ly for intermediate-grade dysphonia.
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