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Electroglottography (EGG) was used to monitor vocal fold vibration patterns in normal subjects
and patients with various laryngeal disorders. In order to evaluate the regularity of vocal fold
vibration, frequency and amplitude perturbation of EGG waves during sustained phonation were
measured with a laboratory computer. The data were compared to the degree of hoarseness
evaluated by auditory perception and by sound spectrographic analysis. Frequency and
amplitude perturbation measures showed some overlap between normal and pathological groups:
However, there was a close relation between perturbation analysis of EGG waves and degree of
hoarseness (Spearman’s rank correlation coefficient rs = 0.73, p < 0. 0005). Amplitude
perturbation was found to be a more sensitive measure of the irregularity of vocal fold vibration

than frequency perturbation.

PACS numbers: 43.70.Aj, 43.70.Dn, 43.70.Jt, 43.72.Ar

~ INTRODUCTION- [ '

Electrog]ottdgraphyf(EGG) is a technique for the indi-
rect examination of vocal fold contact during vibration

(Fant et al., 1966; Fourcin, 1974). The EGG does not inter-
fere with phonation and 1t is still somewhat controversial
(Baer et al., 1983; Childers etal 1984; Fourcin, 1981; Kel-
man, 1981;. Lecluse er al., 1975; Pederson, 1977; Smith,
1981). Whatever details it represents, EGG certainly re-
flects the vibratory cycle of the vocal folds with fairly high
ﬁdehty Irregularities in the EGG thus correspond to m'egu-
larities in the vibratory pattern of the folds.

* through measurement of electrical impedance changes

Perturbation analyses of frequency and amplitude in a -

voice signal have been developed in an attempt to provide
objective parameters for early detection of laryngeal disor-

ders. Since the waveform obtained is much less complex than

that of the voice signal, and is unaffected by the acoustic
resonances of the vocal tract, it was considered that EGG -
was more suitable than the voice signal for perturbation

- analyses.

Frequency and amphtudc pcrturbatlons of the EGG re-

l. SUBJECTS .

Subjects were 30 normal speakers and 33 patients with
vocal pathologies. The normal speaking group ranged in age
from 24-59 years, and was comprised of 18 males and 12
females. They had either an indirect laryngoscopy or a laryn-
gofiberscopy, and proved to have no laryngeal or pulmonary
disorders. Their voices were perceived auditorily, by two
otolaryngologists, as normal with no significant noise com-
ponent. The patients, 19 males and 14 females, ranged in age
from 14-77 years, and had various pathologies as can be seen
in Table I

Il. METHOD

The EGG signals were recorded with a Fourcin laryn- -
gograph (Fourcin, 1974) and electrodes were placed sym-

" metrically over the thyroid alae. The subjects produced the

flect different aspects of irregularity of vocal fold vibration.

* To assess the clinical significance of frequency and ampli- -

tude perturbations of the EGG signal, indices were calculat- -

ed and compared to the degree. of hoarseness evaluated by
auditorily based judgments of the recorded voice and visual-
ly based analysis of spectrograms. The utility of these indices
in providing objectxve measures of hoarseness was then ex-
amined.
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sustained vowel /a/ in a natural speaking voice. The EGG
signal was recorded, using one channel of an audio tape re-
corder (OTARI MX5050), while the voice signal was re-
corded simultaneously on another channel using a micro-
phone (Electrovoice 666) placed about 20 cm from the lips.
A steady portion of the signals was selected for analysis on a
laboratory computer (DEC VAX 11/780). The signals were
sampled at 20 000 samples/s and digitized with 12-bit reso-
lution (Fig. 1).

Fifty consecutive periods of the EGG signals were mea-
sured for each sample, using base-line crossing to define each

period. In most of the samples, a measurement of 50 cycles
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TABLEL Fathologies of the patients. RLN: recurrent laryngeal nerve.

Pathology - ’ ’ No. . -
polyp ’ 12
nodule(s) . . 10

glottic reconstruction
after hemilaryngectomy
laryngitis

RLN palsy -

laryngeal ca.

laryngeal tbe.

vocal atrophy

———N NN W

total 33

was started at a point 250 ms from the beginning of the sam-
ple. When this particular portion was too irregular to identi-
fy periods, a steadier portion was selected. The first base-line

oscilloscope *

audio tape recorder

electroglottograph

A/D converter -

- lab.computer

FIG. 1. Recording and processing system.

crossing was determined seml-automatxcally, using a cursor.- - -

Then the other 49 periods were determined automatically.
The frequency of each cycle was defined as the inverse of the
period. The amplitude was defined as the peak-to-peak dlS-
tance for each cycle (Fig. 2).

Frequency perturbation was expressed as the mean dlf-
ference in frequency between consecutive cycles measured in
semitones. “Semitone” was used to reduce the influence of
fundamental frequency. Amplitude perturbation was ex-

. pressed as the mean difference in amplitude between con- .

secutive cycles in dB. \
In addition to these measurements from the EGG, the
pathologlcal voice samples were rated auditorily from the

recordings and visually from ' ,Spectrograms. The auditory

ratings were on a four—pomt scale; 0 = none, 1= slight,
2 = moderate, and 3 = extreme (Issikiezal., 1969). Ratings
were performed by two otolaryngologists and one speech
pathologist. All judges were well accustomed to rating on
this scale, advocated by the Japan Society of Logopedics and
* Phoniatrics. As mentioned above, all of the normal controls
were rated 0 by two otolaryngologlsts Pathological voice
samples were recorded again on the audio tape with a ran-
dom addition of some normql and pathological voices
. (These voices were not the ones used in this study.) without
any particular order. Each judge worked alone and was blind
to the subjects’ identities. The individual scores for each sub-
~ ject were then averaged. The spectrographic ratings were

- made on a five-point scale, using Yanagihara’s categories, _
* which are based on the appearance of the harmonic structure -
' { ‘and noise (Yanagrhara, 1967). (Category O, for normal

~ voices and those with no significant noise component, was
" added.) The spectrographic judgments were done separately

~ from the auditory judgments. Again, the judges were blind .
to the subjects’ identities when ratings were performed Indi- -

vidual scores were also averaged.

IIl. RESULTS

Sine waves of 50, 100, and 200 Hz, recorded using the
audio tape recorder from a signal generator (Wavetek model
184), were used to test the accuracy and limitations of the
processing system. The frequency perturbation obtained for

- L N L L
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 sine waves of 50, 100, and 200 Hz were all less than 005
- semitones. Amplitude perturbations for the same signals

were less than 0.04 dB.
“To test the interjudge reliability of audltory rating, the

" Spearman’s rank correlation coefficients between the judges

were calculated.' The coefficients were 0.670, 0.666, and
0.640, and all were statistically significant (p <0.01). To test
the intrajudge reliability of auditory rating, one of the judges
performed the rating again, several days after the first rating.
The Spearman’s rank correlation coefficient between two

- judgments was 0.703, with a significant level of 0.01 and

higher. These results justified an averaging of scores in order
to represent each subjects’ rating. :

To test the interjudge reliability of Spectrographlc rat- .
ing, the Spearman’s rank correlation coefficients between
the judges were calculated. The coefficients were 0.819,.
0.883, and 0.813, and again, all were statistically significant
(p <0.01). To test the i mtrajuoge reliability of spectrograph-
icrating, one of the judges performed the rating again, sever-
al days after the first rating. The Spearman’s rank-correla-

- tion coefficient between two judgments was 0.924, with a -

sxgmﬁcant level of 0.01 and higher. These results justified an
averagmg of scores | in order to represent each subjects’ rat-
ing. ‘

A scatter plot of amplitude and frequency perturba-
tlons, for normal sub_]ects can be seen m Fxg 3 Frequency

Pi-1- (il heme - Pie1

ﬂl/‘jN ' ;’|~  |

FIG. 2. Waveform measurements. AF(semxtone) = (2N '[F
(N — 1), where F; = 39.86X1log (f;/C,), f; =

FH-I I)/
1/P,, where N = the num-

_ ber of periods measured, F; = the frequency of the ith cycle (in semitone),

Ji = the frequency of the ith cycle (in Hz), P, = the period of the ith cycle
(in s), Co=16.352 (Hz). AA(dB) = [=}'|20log(4, + 1/4i)|]/
(N — 1), where N = the number of penods measured and A, the ampli-
tude of the ith cycle. c

Hai at 3/ - Analucia nf alantranlinttnaranh during phonation 59



0.20}

o
-
0
Y

o
o
)
T

amplitude perturbation (d8)

. 0.05F Normal subjects

© male

o female

0.05 0.10 0.15

frequency perturbation (semitones)

FIG. 3. Scatter blot of frequency and amplitude perturbation of normal
subjects (correlation coefficient r = 0.476). The line is the least-squares
regression line-fit of all the data points (Y = 1.13X - 0.053).

" perturbations ranged from 0.05-0.16 semitones, with a mean
of 0.1 semitones. The amplitude perturbations in normals
ranged from 0.05-0.22 dB; with a mean of 0.14 dB. These
two variables were significantly correlated at the level of
0.01, with a Pearson coefficient of 0.476. Male-female differ-
ences were analyzed in these data. Males and females did not
differ significantly in frequer}cy perturbation, but they did
differ significantly in amplitude perturbation at the level of

. 0.01 when usingar test. Larger perturbations were exhibited
for females. Table II shows correlations between perturba-

* tion analyses of EGG and auditory-perceptual and sound-

spectrographic evaluations of hoarseness. Spearman’s rank —--

correlations were used to assess the association between var-

" TABLEIL Conclat'ions:betwécn pcrturi;ation analyses of EGG and per- .

" ceptual and sound spectrographic evaluation of hoarseness. Spearman’s
rank correlation was used to assess the association. The table shows Spear-
man’s rank correlation coefficients (rs) between variables. -~ . -

: . Perceptual ..
LT T rating T rating
Amplitude .~ L
perturbation . 0.73* 0.54°
. ‘Frequ'ency‘, : o
© perturbation . © T 0.50° . ‘ 0.48”,
. ’ o n=133
*p <0.0005. .
*p<0.001. -
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. hoarseness

Spcctrographical_ St

iables. Each of the four pairs showed significant correlation,
The highest correlation was noted between amplitside peli
turbation of EGG and the auditory-perceptual rating of
(rank correlation coefficient rs =0.73,
2 <0.0005). The lowest correlation was noted between fre-
quency perturbation and the spectrographic rating (rank
correlation coefficient 7s = 0.48, P<0.001). This pattern
suggested that amplitude perturbation was a better indicator
of hoarseness than frequency perturbation of EGG. It also
suggested that perturbation analyses were more closely re-
lated to auditory perception of hoarseness than to sound-
spectrographic evaluation. _ ’
" Figure 4 shows the relationship between amplitude per--
turbation of EGG and auditory-perceptual _rating
(rs = 0.73, p <0.0005). To further examine these data, the
patients were classified into three groups, “slight,” moder-
ate,” and “extreme,” according to the averaged perceptual
rating (0-1.5; 1.5-2.5; and 2.5-3.0, respectively). Ampli-
tude perturbations for the sli ghtly, moderately, and extreme-
ly hoarse groups were significantly different from each oth-
er, but no significant difference was fouqd between the
normal and slightly hoarse groups. In frequency perturba-
tion of EGG, however, the only significant difference was
between the moderately and extremely hoarse groups; there
was no significant difference among the normal, slightly,
and moderately hoarse groups. The ¢ tests were used for dif- -
ferences between groups. Significant levels were all at 0.01
and higher. . '
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FIG. 4. Relationship between amplitude perturbation of EGG and percep-
tual rating of hoarseness. - . ) :
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0 ectrographic rating in the normal voiced subjects and the patients (correlation coefficient
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FIG. 5. Relationship between amplitude perfurbation of EGG and sound : S
. spectrographic evaluation of hoarseness, -~ . | .

differentiation rate will be poor. Some of the differences in
- - - evaluations of the utility of acoustic.analysis seem to be at- -
~_ Figure 5 shows the relationship between amplitude per- *  tributable to differences between pathological samples. To
turbation of EGG and the'sound spectrographic rating ~ evaluate the samples properly, auditory-perceptual rating
(rs=0.54 p<0.001). The correlation was considerably = and sound spectrographic rating were carried out for each
lower than that between amplitude perturbation and percep-  Voice sample.'These pr ocedures, though not completely ob-
tual rating, as pictured in Fig. 4: _ S R jective, proved to bé reliable enough to evaluate the degreeof -
v - Figure 6 shows the correlation between frequency and-  hoarseness. . - IR N
~ amplitude perturbation of EGG in the normal-voiced sub. . Significant correlations were found between perturba-
jects and in the patients. The two indices were significantly  tion analyses of EGG waves and the degree of hoarseness
. correlated at the 0.01 level, with a Pearson coefficient of évaluated by auditory perception and from sound spectro- .-
~ 0.82. However, amplitude-perturbation differentiated path-  grams. Additionally, objectiveness of the EGG perturbation -
- ologies from normal subjects were better than frequency per- = “measures could give them more advantage than auditory or -
turbation, when the critical values were défined as the means Spectrographic ratings of the degree of hoarseness to both
plus standard deviations. Considering frequency and ampli- ° _scientific and clinical use. Comparing both EGG measures,
tude perturbation together would identify only one more _amplitude perturbation correlated more highly with hoarse-
case than amplitude perturbation alone. oo

.7 17", ness, evaluated both perceptually and sound spectrographi- .- -
R : . cally than frequency perturbation did, and there was less .
I St overlap between normals and abnormals, EE 2 ,‘~ )
B IV.‘DISQU.SS.I.O“NT. o LT e TR . To examine the detail of the correlation ]:'étv_lecn._thescf;-,.':
" Many researchers havq'éttemptcd todifferentiate laryn-  two perturbation measures of EGG and auditory-perceptual. -
. geal pathologies from normal-voiced subjects by using var-  ratings, patients were divided into three groups; slightly, -
ious methods of acoustic analysis in voice signals. In doing - moderately, and extremely hoarse, according to the percep-” .
. . 50, attention must be paid to the degree of hoarseness or the’ tualrating. .o LT R A TR
 severity of disorders of the samples in the pathological . Both frequency perturbation and amplitude perturba:-
* group. If only patients with extremely hoarse voices are in-  tion could" significantly differentiate between extremely .
cluded in the pathological group, there is no question that  hoarse voices and moderately hoarse voices. However, only
 differentiation between normals and pathologies isremarka- * * amplitude perturbation could - significantly’ diﬁ'c_rctl_tiate.;-
..bly good. On the other hand, if the pathological group in-  between moderately hoarse voices and slightly -hoarse-
Cludes mainly patients with only ' S

slightly hoarse voices, the - voices. .. e e

e e

0 SR—
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. Neither EGG measurements could significantly differ.

entiate between slightly hoarse voices and normal voices. -

These measurements showed some overlap between the nor-
mally and abnormally voiced. There may have been several

" reasons for the overlap. The length of EGG samples ana-

lyzed in this study Was usually less than 0.5 s, This is so short
that it might not reflect the portions that could differentiate
between the normally and abnormally voiced. Another rea-

son may be that perturbation in frequency or amplitude basi-

cally reflects the irregularity of vocal fold vibration or

“roughness,” while hoarseness consists of “breathiness” or .
_noise,

Breathiness would not be reflected in our EGG measures,

caused by turbulent airflow through the glottis.
because EGG signals rely on vocal fold contact, whereas
turbulent airflow or “breathy voice,” is usually caused by
insufficient glottic closure. Technical problems may provide
another reason. We often failed to obtain clear EGG signals
from subjects with thick necks. In general, clear EGG sig-
nals are more difficult to obtain from women than from men,
Pprobably due to the anatomical difference between females

 :and males: The shape of the thyzoid cartilage, the length of

. their vocal folds, the amplitude of vocal fold vibration, and

the amount of cervical fatty tissue. These factors may have

- contributed to the difference in amplitude perturbation val-

. hoatsc;ms, asjudged by the presence of harmonics and noise °

ues between normal subject males and females. The degree of

on the spectrogram according to Yanagihara’s criteria,
seems to highlight the noise-component characteristic of
breathiness rather than perturbation in frequency or ampli-

* tude. The fact that this breathiness noise is not represented in

our measurements of the EGG signal may account for the

spectrographic ratings h_ajling lower correlations than per-
ceptual ratings with the perturbation measurements. ’
 Many researchers have evaluated perturbations analy- -

ses of frequency and amplitude in the voice signal. Though

there is some disag'r_ecmcnt over the efficacy of these pertur-.

bation analyses for early detection of laryngeal disorders

" (Ludlow et al., 1984), frequency and amplitude perturba-

tion of the voice signal are generally considered as the impor-
tant parameters to represent the irregularity of vocal fold
vibration. Frequency perturbation of EGG is thought to be

- . basically the same as that of the voice signal. The normal-
values we obtained from EGG are close to those obtained’
* from voice signals by. other researchers (Kitajima, 1983;

Horii, 1980; Yumoto, 1983). Also, mean fundamental fre-
quencies of EGG signals showed very close values to those of

_ voice signals in our data. On the other hand, the amplitude

[}

pcrturba,tibx'z of EGG reflects different aspects of the irregu-

tude perturbation of the voice. measured at the lips. Al-
though the meaning of amplitude perturbation of the EGG
is still ixo'tvcompletcly clear, we do know that it somehow

reflects the irregularity of the mode of contact of the vocal .

- folds. From this study, EGG amplitude perturbation seems
to be a more sensitive indicator of hoarseness than frequency -
perturbation. Thus EGG shows the possibility of bringing us

.o
[ . ) -
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useful information which cannot be obtained from the voice
signal alone. In addition, the simple waveform of EGG fa-
cilitates computer analysis and does not require filtering or
other processing. The fact that EGG is notinvasive and does
not interfere with speaking is clearly advantageous for clini-
cal applications. - : .

There remains some questions about the relationship
between EGG and voice signal perturbation measures. Di-
rect comparison of EGG perturbation measures with voice
signal perturbation measures is the next step. These results
will be presented elsewhere. . : T

In conclusion, the frequency and amplitude perturba-
tion of EGG, especially the amplitude perturbation, can be a
useful clinical adjunct for evaluating the irregularity of vocal
fold vibration. Further basic research on EGG waveforms
may add more promise to the analysis of the EGG signal. .-
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