B-ENT, 2009, 5, 31-37
Electroglottography in the follow-up of bilateral vocal fold palsy
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Abstract. Electroglottography in the follow-up of bilateral vocal fold palsy. Objectives: The aim of the study was to
determine if electroglottography provides useful information concerning vocal perturbations within the glottis in the
follow-up of patients with bilateral vocal fold palsy.

Methodology: Electroglottography was performed in 8 patients with bilateral vocal fold palsy (aged 43-77 years; mean,
62.6; standard deviation, 3.8; median, 66) and 8 healthy age-matched controls. Percent (%) irregularity, jitter, and
shimmer were calculated by Speech Studio. The patients’ severity of dysphonia was rated by experts on a four-point
scale.

Results: Percent irregularity was significantly higher in patients with vocal cord palsy than in controls (p <0.05). There
was strong correlation between percent irregularity, jitter, and shimmer, and perceptual degree of dysphonia in all
examinations during 6-month follow-up.

Conclusions: Electroglottographic recordings can give an objective measure of glottal disturbances in patients with
bilateral vocal fold palsy. It is possible to track improvement in vocal fold contact due to return of vocal fold mobility
and functional compensation in consecutive examinations. Percent irregularity, jitter, and shimmer adequately represent

changes in glottal function in individuals with bilateral vocal fold palsy during 6-month follow-up.

Introduction

While the predominate aetiologies
of unilateral vocal fold immobility
have changed over the past two
decades, thyroid surgery remains
the most common cause of bilateral
vocal fold immobility, accounting
for 80% of iatrogenic bilateral
vocal fold palsy (BVFP) and 30%
of all cases of BVFP."® With the
exception of the initial period after
diagnosis, voice is acceptable in
BVFP. Immediately after the
occurrence of BVFP, when there
is no functional compensation, the
sound produced by the speaker is
a relatively weak noise composed
of breath sounds produced when
the air becomes turbulent as it
rushes past the true and false vocal
folds."* Physicians and speech
therapists lack an appropriate tool
for assessing and documenting
changes in phonatory function of
the larynx during the first months

after the onset of complaints in
this group of patients.
Electroglottography (EGG) is a
method of providing non-invasive
measurements of glottal activity,
yielding reliable indicators of
glottal closing instants.” In con-
trast to videostroboscopy, which
produces a composite image from
several cycles and thus creates a
slow motion image of the vibra-
tion of the vocal folds, EGG wave-
forms reflect rapid physiological
events that occur at the free mar-
gins of the vocal folds when they
vibrate.® EGG technique was first
described by Fabre in 1959 and
has since been used to supplement
data obtained from other tech-
niques, providing information
about vocal fold contact during
consecutive glottal cycles.®® The
modern EGG system, called
‘laryngograph’, eliminates the
necessity of individual adjustment
of the settings for each patient and

produces results that are inde-
pendent of electrode displace-
ments during the examination.'*"

The purpose of the current study
was to determine: 1) how electro-
glottographic measures differ in
speakers with BVFP compared
to healthy controls, and 2) which
electroglottographic measures cor-
relate with the severity of dys-
phonia over 6-month follow-up in
patients with BVFP.

Material and methods

An electroglottograph (Fourcin
Laryngograph Processor, Laryngo-
graph Ltd., London, UK) was
used to assess vocal function in
patients and controls. Speech
Studio software (version 1.04)
was used to collect and analyze
data. At the beginning of the
examination, two plate electrodes
were strapped into position onto
the subject’s neck and held in
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contact at the level of the thyroid
cartilage; the conductance between
them was measured. When the
vocal folds are in contact, the con-
ductance is greatest. When they
separate, the conductance is at its
least. The EGG waveform repre-
sents the phases of vocal fold
vibration and its relative ampli-
tude is related to the vocal fold
contact area (Figure 1). Inter-
pretation of the waveform
involves analyzing its morphology
and calculating EGG measures.
Speech Studio software (operating
the laryngograph) computes per-
cent (%) irregularity, jitter, and
shimmer.

EGG and perceptual severity of
dysphonia data were collected
from individuals with BVFP and
age-matched healthy speakers.
The patients were all individuals
with peripheral, non-neoplastic
cause of vocal cord palsy, referred
to the ENT Department over a 12-
month period and examined by the
author, who assessed with a laryn-
geal mirror the vocal folds’ shape

Percentage irregularity measure obtained in a speaker with
dysphonia. The dots, scattered over the diagram, represent
fundamental frequency values of consecutive glottal cycles.

and mobility, established the diag-
nosis of vocal fold palsy, and
defined the position of the para-
lyzed vocal folds. Each subject
was asked to complete a question-
naire, in order to provide informa-
tion on age, medication use, expo-
sure to tobacco smoke, history of
voice disorders, and history of
head and neck trauma or surgery,
particularly thyroid surgery. Each
subject articulated a tasks con-
sisting of Polish text, lasting over
5 minutes, read at a comfortable
pitch and volume. The waveforms
were recorded as .spe files. The
waveforms were then displayed
and analyzed. The EGG measures
were calculated using the soft-
ware. % irregularity is a frequency
perturbation measure. Its value
represents changes in the funda-
mental frequency (Fx) of adjacent
glottal cycles in a speech sample.
The Fx value of the first glottal
cycle in the sample is represented
as a point with reference to the x-
axis logarithmic scale. The funda-
mental frequency value of the next

glottal cycle is then projected onto
the y-axis and this is repeated until
the whole speech sample has been
processed and the characteristic
scatter pattern formed (Figure 2).
The value of jitter represents mean
percentage of pitch period pertur-
bations, while shimmer represents
amplitude perturbations. In addi-
tion to EGG data, each patient’s
severity of dysphonia was rated
by an expert jury of listeners
on a four-point scale: normal-1,
moderate dysphonia-2, severe
dysphonia-3, and aphonia-4.
The patients were followed for
6 months. Each of them was
examined immediately after the
onset of complaints. They were
then reviewed at the ENT out-
patient department after 3 and
6 months.

In order to determine if there
were significant differences
between the distributions of
values of the computed EGG
measurements obtained in the
groups of patients and controls,
the U Mann-Whitney test
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Table 1
Patients with bilateral vocal fold palsy

Patient Sex Age Vocal folds’ position Cause

No

1 F 65 Intermediate Strumectomy
2 M 74 Median Neck trauma
3 F 54 Paramedian Strumectomy
4 M 77 Paramedian Strumectomy
5 F 67 Paramedian Strumectomy
6 F 43 Paramedian Idiopathic

7 F 52 Intermediate Strumectomy
8 F 69 Paramedian Strumectomy
was performed. Subsequently, of a thyroid goitre. Each patient’s

Spearman’s correlation coeffi-
cients were calculated to deter-
mine whether there was a signifi-
cant relationship between stan-
dardized coefficients describing
dysphonia and the computed
measures obtained in all the
recordings. All patients gave
informed consent prior to their
inclusion in the study. The
research plan was approved by the
local Medical Ethics Committee.
The tenets of the Helsinki
Declaration were followed.

Results

Subjects included 8 patients with
BVFP (6 women and 2 men), aged
43-77 years (mean, 62.6; SD, 3.8;
median, 66), and 8 age-matched
controls (6 women and 2 men).
On examination of BVFP patients,
all vocal folds were normally
stretched. All subjects with vocal
fold palsy but one complained of
aphonia and all of them reported
dyspnoea at the first examination;
only one required tracheotomy.
The aetiology of BVFP and the
positions of the paralyzed vocal
folds are reported in Table 1. In
one patient BVFP resulted from
surgery for thyroid gland malig-
nancy and in one from reoperation

larynx had been examined prior to
surgery and vocal fold mobility
disturbances had been excluded.
All controls had normal voice.
The results of perceptual
severity of dysphonia evaluation
and EGG measures recorded on
each occasion are shown in
Table 2. Mean values of EGG
measures obtained in the group of
healthy controls were: % irregu-
larity, 15.10%; jitter, 7.06%; and
shimmer,15.78%. Only the distri-
bution of % irregularity values sig-
nificantly differed between patients
and controls (p<0.05). After
3 months, the mobility of both
vocal folds returned in one patient
and the mobility of one vocal fold
returned in 4 patients. The vocal
fold mobility remained unchanged
after additional 3 months, but
some values of the EGG measure-
ments were normalized as a result
of functional compensation. After
3 months of follow-up, severity
of dysphonia was decreased in
7 individuals. After 6 months fol-
low-up, severity of dysphonia was
decreased in all patients compared
to the first examination (Table 2).
Percentage irregularity (p<0.001,
R =0.66), jitter (p<0.001, R =
0.69), and shimmer (p<0.01, R =
0.59) correlated with the perceptu-
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al degree of dysphonia in all
recordings. Examples of EGG
waveforms from patients with
BVEFP are shown in Figures 3-8.

Discussion

The values of % irregularity, jitter,
and shimmer proved to correlate
with changes in the severity of
dysphonia in patients with BVPF
over six-month follow-up. The
current paper is the first analysis
of electroglottographic waveform
patterns in patients with BVFP. In
the literature of vocal perturbation
studies, the author did not find
data concerning a comparable
group of individuals with BVFP
followed with EGG for such a
long period. It must be stressed
that EGG is an intra-patient rather
than inter-patient tool as it does
not enable etiological discrimina-
tion of the nature of glottal cycle
perturbations.

In the majority of examined
individuals, the values of the
measures and the voice quality
improved with time. In three of
the participants, values of the cal-
culated measures deteriorated in
the second and the third examina-
tions in comparison to the first
one. In two of these patients, voice
quality slightly improved during
follow-up. In patient No 2, the
deterioration of jitter and shimmer
measures might have resulted
from the fact that after neck trau-
ma and tracheostomy, which was
inevitable due to dyspnea, infra-
glottic pressure dropped, with
subsequent change in the condi-
tions of airflow through the glot-
tis. This might have caused deteri-
oration in the vibratory pattern of
the vocal folds, reflected in the
increase of jitter and aggravation
of dysphonia. The increase in jitter
was caused by longer intervals
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Table 2
Electroglottographic results-patients with bilateral vocal fold palsy
1 Examination 2 Examination 3« Examination
Patient | Severity | % Irreg. | Jitter |Shimmer| Severity | % Irreg. | Jitter |Shimmer| Severity | % Irreg. | Jitter |Shimmer
No of dys- (%) (%) of dys- (%) (%) of dys- (%) (%)
phonia phonia phonia
1 4 98.23 85.22 21.34 3 65.14 32.16 14.72 1 7.38 0.36 3.60
2 2 36.25 10.39 5.89 3 34.79 45.08 26.70 3 33.66 58.31 21.40
3 4 55.47 24.48 16.79 1 6.13 1.21 10.22 1 8.23 292 11.23
4 4 21.22 11.28 11.22 3 23.84 13.41 16.87 1 16.03 7.00 9.00
5 4 58.27 30.17 20.06 3 80.56 58.60 29.53 2 72.01 42.73 17.03
6 4 37.66 17.58 10.60 2 38.43 20.39 17.11 2 50.92 27.58 12.53
7 4 94.05 91.89 71.84 4 77.35 67.31 18.12 3 71.30 37.02 15.88
8 4 69.35 61.91 53.22 2 20.30 6.88 13.92 2 16.43 8.09 13.28
Mean 58.81 41.61 26.36 43.32 30.62 18.40 34.49 23.00 12.99
(SD) (27.5) | (33.25) | (23.4) (27.8) | (244) (6.5) (27.1) | (2L.5) (5.4)

Legend: Severity of dysphonia was rated on a four-point scale: normal-1, moderate dysphonia-2, severe dysphonia-3, and aphonia-4.
The mobility of one vocal fold mobility returned in patient No 1,4,7, and 8; and in both folds in patient No 3. % Irreg.-% Irregularity.

between periods of maximum
pitch. The increase in shimmer
was probably caused by greater
differences in amplitude of con-
secutive waveforms (Figure 3).
Regularity of the frequency
remained unchanged, hence a rel-
atively low value of % irregularity.
In individuals No 5 and 6, there
was no evidence of approximation
of the paralysed vocal folds during
follow-up. The turbulent airflow
through the glottis was reflected
by an increase in % irregularity
and jitter. The values of shimmer
remained the same, as there was
no change in the lowered ampli-
tude of the waveforms during fol-
low-up. In patient No 3, mobility
of both vocal folds, values of all
the measures, and voice quality
returned to normal (Figures 4,5).
Figure 4 presents unrepeatable
waveform patterns representing
incomplete vocal fold contact with
considerable differences in the
length of consecutive waves.
When the mobility of at least one
vocal fold returns, functional
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Figure 3

Patient No 2. Bilateral vocal fold palsy —
median position. First examination. The
time of vocal fold contact is markedly
prolonged (arrow) with a very short open
phase. The patient’s glottis was very nar-
row (the patient underwent tracheosto-
my). Morphology of the waveforms was
unchanged after 3 and 6 months.

compensation occurring within
the glottis makes vocal fold con-
tact possible, and true EGG wave-
forms can be recorded and ana-
lyzed. If BVFP persists, some
improvement of glottal function
may be possible due to functional
compensation by the unimpaired
function of cricothyroid muscles,
which are supplied by the superior
laryngeal nerves. The cricothyroid
muscles contract to rotate the
cricoid at the cricothyroid joint
and thus lower and stretch the

Figure 4

Patient No 3. Electroglottography in a
patient with bilateral vocal fold palsy —
both vocal folds in paramedian position.
First examination. Double, not repeatable
waveform patterns representing incom-
plete vocal fold contact. The arrow points
at the part of the waveform representing
incomplete opening of the glottis in every
second waveform. Visible are consider-
able differences in the length of consecu-
tive waveforms.

Figure 5

Patient No 3. Electroglottographic wave-
form after 3 months follow-up. Vocal fold
contact normal. Visible are normal closing
(1) and opening phases (2) and the open
phase (3), comprising approximately 50%
of the whole glottal cycle. In this patient,
vocal fold mobility and normal voice
returned 3 month after surgery.
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Figure 6

Patient No 5. Electroglottography in a
patient with bilateral vocal fold palsy —
both vocal folds in paramedian position.
First examination. Not repeatable wave-
form patterns, only mild differences in
impedance during phonation. There is a
significantly prolonged open phase
(marked).

vocal folds, bring them into a
paramedian position, sharpen their
edges, and passively stiffen the
layers of the vocal folds."
Measurements of frequency per-
turbations of the air stream were
performed by Kazi et al.,” who
applied EGG for assessment of
tracheoesophageal speech.

There is no accepted EGG
waveform pattern that one can
expect in patients with BVFP. In
some recordings it is difficult to
ascribe certain fragments of the
waveform to the specific dynamic
phenomena that take place in the
glottis. This is due to uncertainty
as to which parts of the larynx
cause the air stream frequency
perturbations at specific moments
and what the intensity of this phe-
nomenon is. The other difficulty
in interpreting the results is the
lack of periodicity and repeata-
bility of the waveforms. The data
must be obtained for a long speech
sample.'®"” Perceptual severity of
dysphonia evaluation made by a
professional jury of listeners is
considered to be the most reliable
and complete means of evaluating
pathologic voice, even though it is
difficult to perform routinely and
the results may lack reproducibili-
ty."®!” This method of assessing
patients’ severity of dysphonia

Figure 7

Patient No 7. Third examination. Some
characteristics of the waveform (low
amplitude, absence of characteristic phas-
es) suggest incomplete vocal fold contact.
Laryngoscopy confirmed persistent left
vocal fold palsy. The patient’s voice was
breathy.

was used in the present study.
Changes in % irregularity, jitter,
and shimmer in patients with
BVEFP are caused by differences in
frequency and amplitude of air
stream vibrations in the glottis.
The intraindividual repeatability is
markedly impaired, hence high
values of % irregularity and jitter.
Therefore, analysis of EGG
results enables long term tracking
of vocal abilities of the patients
with BVFP. EGG recordings in
patients with BVFP should be
analyzed over a long period and
follow-up should consist of several
EGG examinations analyzing
changes in the morphology of
waveforms in several consecutive
recordings. The obtained results
are consistent with previous
observations concerning funda-
mental frequency perturbation
variance as a sensitive measure of
dyshonia.>"**

Before EGG examination is
performed, it is important to
ascertain that there is no excessive
mucus secretion or hypertrophy of
the false vocal folds, as this may
interfere with the EGG signal.*'*
All examined patients were free of
such conditions on laryngoscopic
examination. EGG waveforms
recorded in patients with BVFP
should be interpreted with great

Figure 8

Patient No 8. Bilateral vocal fold palsy —
paramedian position. First examination.
Incomplete vocal fold contact. The wave-
forms have no peaks, and changes in
impedance (amplitude) are low. Vocal fold
contact is delayed and reduced. Rapid
vibrations of the vocal folds are seen.

caution.* The data and waveforms
should be analyzed and compared
for each individual and should
always be considered in relation to
other clinical data.

The present paper reports
results of a preliminary study of
EGG examination in a relatively
small number of individuals with
BVFP. As there are no normative
values of the discussed measures
in this group of patients, further
research should be undertaken in
order to establish them. This arti-
cle sought to determine if EGG is
a valuable tool for the assessment
of changes in laryngeal function in
patients with hardly any evidence
of vocal fold contact at first
examination. The obtained results
confirm that EGG measures
reflect vocal perturbations within
the glottis. These findings support
the hypothesis that EGG can be a
useful tool for examining this
group of patients, drawn from
previous studies with participants
with unilateral vocal fold palsy.”

Conclusions

Values of % irregularity differed
significantly between groups of
healthy speakers and patients with
bilateral vocal fold palsy.
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The reported data indicate that
% irregularity, jitter, and shimmer
adequately represent changes in
vocal perturbations within the
larynx, when observed in indi-
viduals with bilateral vocal fold
palsy over the time of 6-month
follow-up.
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Questionnaire for collecting case history in patients with voice disorders

Name age

Current medication

For how many years

Non-smoker <10 10-20 >20
Smoker

] <10

if yes, how many 10-20

cigarettes a day =20

For how many years

Vocal strain <10 10-20 >20
if yes, how many hours <3
a day 3-6
>6
Voice disorders in the past Yes Description (time, type and duration of complaints)
History of head and neck Yes Description (time and type of injury, concomitant disorders)
trauma
Thyroid gland diseases Yes Description (for how long, diagnosis, treatment)
Thyroid surgery Yes Description (time and type of surgical procedure, histopathology, adjuvant thera-

py. history of previous thyroid surgery)




