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EDUCATION

Comparison of Laryngographic Waveforms of an Adult and Child

By Elaine Hicken

Statcment of the Problem

The ability to accurately identify and differentially
diagnose voice disorders is an important concern for the
speech-language pathologist. This need has resulted in
the development of methods which focus on identifying
"objective, reliable, valid procedures for assessing voice
disorders” (Costello, 1985). Several methods that allow
direct observation of the laryngeal mechanism are
invasive and time consuming. A method that is
noninvasive and that provides valuable information about
the vocal fold movement pattern is needed for clinical
use.

Incidence studies have found that between 7-23.4%
of elementary school aged children have had a voice
disorder characterized by chronic hoarseness, and that
more boys than girls exhibit this disorder (Baynes, 1966;
Silverman, Zimmer,1975). A relatively simple,
noninvasive method for detecting voice disorders among
this younger population is much needed.

The laryngograph or electroglottograph (EGG),is a
noninvasive devise that gives information about vocal fold
contact area (Gilbert, Potter, Hoodin, 1984). This
relatively recent addition to the voice scientist’s
instrumentation has been used to obtain data on the
characteristics of normal vocal fold functioning.
Normative data is needed before the laryngograph can be
an effective tool in identifying disorders. The majority of
the literature found which discuss expected characteristics
of normal vocal fold functioning, have focused on adult
male voices (Abberton, Howard, Fourcin, 1989; Gilbert
ct al., 1984; Baer, Titze, Yoshioka, 1983; Baken, 1987,
Robb and Simmons, 1990). Reasons for this focus
include the fact that adult males tend to have a much
larger larynx, which may facilitate proper electrode
placement. In the Kay Elemetrics, June 1990, Instructions
Manual, it mentions that women with fleshy necks
produce a poor Lx signal. This may also be a reason
studies have used adult males. Hirano, Kurita, and
Nakashima (1983), found that the growth, development,
and aging of the human vocal folds, affects changes in the
tissue structure of the vocal folds. These changes in
length, mass, tissue layers, and structure may effect the
movement patterns of the vocal folds. If these changes do
effect movement patterns then the differences would
effect the results obtained when using the laryngograph
on children. "Taking developmental differences into
account, there exists a need to examine EGG
characteristics in younger as well as post pubescent
children” (Robb and Simmons, 1990).

The proposed study will compare the laryngograph
waveform (ILx) or EGG signal obtained with a male
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prepubescent child with a perceptually normal voice with
the Lx waveform of a male adult with a perceptually
normal voice to see if differences between the two exist,

Review of Literature

Anatomically, the larynx is situated in an area
which makes direct examination and visualization
difficult. These problems have led to the development of
several methods for indirectly studying laryngeal vibration
(Berke, Moore, Hantke, Hanson, Gerrantt, Burstein,
1987). The laryngograph is a method designed to allow
vocal fold closure to be monitored, and give a basis for
the measurement of certain aspects of vocal fold
vibration during phonation (Abberton et al., 1989). This
instrument operates by measuring the electrical
conductance between two electrodes that are placed on
either side of the client’s neck, on the thyroid lamina, at
the approximate position of the vocal folds. When the
folds close, impedance across the glottis decreases and
the current flow will be at a maximum. As the vocal f{olds
open, the impedance increases and the ease of flow
decreases. When displayed oscillographically, the signal
is called larynx excitation or Lx waveform. (Abberton et
al., 1989). This indirect measure of vocal fold movement
is a "noninvasive technique that neither disrupts
phonation nor requires uncomfortable illuminating and
photographic equipment to be positioned in the vocal
tract” (Gilbert, et al., 1984). This method also allows the
client to use uninterrupted speech and remain able to
participate in the monitoring activity (Gilbert et al.,
1984).

Electroglottography has been used to gain insight
into vocal fold closure in both the normal and pathologic
voice. A broad understanding of the way normal vocal
folds function is important when looking at the
laryngographic waveform. "The Lx waveform is not of
interest in itself: Its importance lies in the vocal fold
behavior it represents” ( Baken et al,1987). It is
expected, due to the Bernoulli effect, to see a steeper rise
in the waveform when the vocal folds are closing. This
rise indicates that the electrical impedance is decreasing.
Fourcin (1981) believes that the initial contact of the
vocal folds is formed by mucous connecting the two folds.
As the folds continue to close in a vertical manner, the
wave also rises to a peak. This vertical wave of vocal
contact area begins to diminish as the lower end of the
folds start to open. This corresponds with the more
gradual opening phase we see on a normal adult Lx
waveform. As the folds open the resistance to flow
increases until the vocal folds are separated. At this point
we see the lowest portion, or highest, depending on the










modal voice, can be describe using the four identified
phases of a Lx waveform discussed in the literature: (1)
a steep rising edge, representing vocal fold position
during closing phase, (2) a maximum peak, corresponding
with vocal fold maximum closure, (3) a shallow falling
edge, representing the vocal folds position during
opening phase, (4) a trough essentially constant with
time, which represents the vocal folds during open
phase. These four characteristics can be identified on
both the adult and child Lx waveforms produced during
the three sustained vowel sounds. These waveform
displays should be read with open phase being
represented by the lowest point on the waveform and the
closure phase rising upward (see Figures 1-6. All figures
are in Appendix A.)

The difference in the number of cycles produced in
the 24 milliseconds represented, is due to the difference
in vocal pitch, or fundamental frequency between the
adult and child. Several other differences between the Lx
waveform displays of the adult and child can be identified
by visual inspection. The adult waveform shows a more
gradual slope during the opening phase. The "knee"
discussed in the literature is seen consistently in the
waveforms of the adult during opening phase. This is not
present in the child's waveform. Titze’s work (1989)
indicated that this "knee" represented more vocal fold
contact per glottal cycle. The child’'s [Lx waveform
demonstrates a scattering of points, while the adult’s Lx
waveform is shown as a quasi-continuous line. The
reasons behind this very noticeable difference is not
clearly understood. This pattern is consistent across all
the child samples obtained during the study.

Differences in the overall shape of the Lx waveforms
of the adult and child do exist, however, the four
identified phases discussed in the literature to be
common among normal voiced male adult Lx waveform
patterns are present in both the adult subject and the
child. The general shape of the adult and child Lx
waveforms are very similar.

Question #2

2. Do differences exist between the quasi-open phase
measurement of the Lx waveform of a male child with a
perceptually normal voice to that of a male adult with a
perceptually normal voice?

The quasi-open phase measurement is determined
by dividing the time the vocal folds are represented as
being open by the total time of one cycle. The measure
Is figured as a ratio value. The ratio can be converted to
the percentage of time the vocal folds are open during
the measured cycle. For instance a quasi-open quotient of
.43, would mean that during the measured cycle, the vocal
folds were open 43% of the total time it took for vocal
folds to complete a full cycle during their vibration. The
values obtained from the Lx waveforms produced during
one sample of the sustained vowel sounds /a/, /i/, and /u/

using modal voice are shown in Figures 7-12.

A more accurate picture of the quasi-open quotient
measure, and how the child’s values compared to the
adult’s is given below. The values obtained on each
sample is shown in Figure 13 along with the average of
these values.

Figure 13 shows the similarity in quasi-open quotient
measurements between the adult and child waveforms. [t
is interesting to note the narrow range of values (.33 -
.56 adult and .41 - .58 child). While differences in values
do exist, they are small.

Question #3

3. Do similar wave characteristics exist between the
Lx waveform produced during vocal fry by a male child
with a perceptually normal voice and that produced by a
male adult with a perceptually normal voice?

The Lx waveforms produced by both the adult and
child during vocal fry on the sustained vowels /a/, /i/, and
/u/ are characterized by irregularity in their cycles. This
irregular pattern gives the voice its creaky quality. The
time taken for each cycle is generally longer than that
found for modal voice. It is interesting to note in figures
14-19 that the adult signals have a longer closed phase
then open phase while in the child’s signals this is just
the opposite with the open phase dominating the cycle
period. The child’s waveform display of the /i/ looks
similar to the display obtained when he was using modal
voice. This is thought to be due to the difficulty he had
producing this phoneme using a vocal fry quality. This
waveform is included in the figures to show the
comparison between a modal voice Lx waveform and
production of vocal fry or a creaky quality.

Similar wave characteristics do exist between the Lx
waveforms of the adult and child. The irregular pattern
that characterizes the creaky voice is clearly present in
both the child’s and the adult’s Lx waveform.

Question #4

4. Do similar wave characteristics exist between the
Lx waveform produced with breathy voice by a male child
with a perceptually normal voice and that produced by a
male adult with a perceptually normal voice?

The adult and child waveform displays produced
during sustained phonation of the vowels /a/, /i/. and /u/
using a breathy quality had similar characteristics. A
larger quasi-open quotient measurement was obtained on
each of the samples as compared to modal function. As
the open phase in each cycle is extended, more air is
allowed to escape giving the "breathy” quality. Visually,
the child’s open phase does not appear (o be as extensive
as the adults, however when divided by the total cycle
time, the values are very similar. Figures 20-25 show the
quasi-open quotient measurement of the breathy quality
waveform as well as the quasi-open quotient
measurement obtained during the sustained phonation of

63




the vowel sound using modal quality.

Similar characteristics exist between the child’s and
adult's Lx waveforms using breathy voice during
phonation of the vowels /a/, /i/, and /u/ from an adult and
child. The extended open phase was clearly present in
each as demonstrated when compared to the values of
the quasi-open quotient measurement during normal
phonation.

Conclusions

Similarities between the Lx waveforms of a child and
adult included comparable overall waveform shape,
during modal, and characteristic waveform configuration
during breathy, and vocal fry phonation. Quasi-open
quotients of the adult and child were within a range of
.23 for the adult and .17 for the child. Differences
included the presence of a "knee" in the adult Lx
waveform which was absent in the child’s waveform. The
distribution of data points varied in the child’s waveform
with a "thicker" trace evident. Vocal fry phonation
demonstrated a predominate closed phase for the adult
and longer open phase for the child. The stability of both
similarities and differences across a large sample of
normal speakers needs to be investigated before
generalizations can be made. We stress the preliminary
nature of this data. An ongoing study will hopefully
amass normative data and further explore the differences
identified in this pilot study.

This indirect method of examining vocal fold
vibration has potential as a screening tool. It is both time
and cost efficient and may aid in more appropriate
referral patterns to otolaryngologists. As a component of
a full diagnostic battery it may provide important
information on the vertical contact pattern of the folds
only obtained by invasive methods such as
photoglottography (PGG). As a tool in therapy it has
some capability as a biofeedback method.

Rcferences

Abberton, E. M., Howard, D. M., & Fourcicn, A. J.
(1989). Laryngographic assessment of normal voice: a
tutorial. Clinical Linguistics & Phonetics, 3(3), 281-296.

Baer, T., Titze, I. R., & Yoshioka, H. (1983). Multiple
simultaneous measures of vocal fold activity. In D. M.
Bless, & J.H. Abbs (Eds.). Vocal Fold Physiology
Contemporary _Research and Clinical Issues (pp.
229-238). San Diego: College Hill.

Baken, R. J. (1987). Laryngeal function. In R. J. Baken
(Ed.), Clinical Measurement of Speech and Voice (pp.
216-277). San Diego: College Hill.

Baynes, R. (1966). An incidence study of chronic
hoarseness among children. Journal of Speech and
Hearing Disorders, 31, 172-176.

64

Berke, G. S., Moore, O. M., Hantke, D. R., Hanson, D.
G., Gerratt, B. R., Burstein, F. (1987). Laryngeal
modeling: theoretical, in vitro, in vivo. Laryngoscope, 97
(7), 871-881.

Colton, R.H. & Conture, E. G. (1990). Problems and
pitfalls of electroglottography. Journal of Voice, 4(1),
10-24.

Costello, J. M. (1985). Outline of voice production and
its examination. Speech Disorders in Adults (pp. 80-86).
San Diego: College Hill.

Gilbert, H. R,, Potter, C. R., & Hoodin, R. (1984).
Laryngograph as a measure of vocal fold contact area.
Journal of Speech and Hearing Research, 27, 173-178.

Hirano, M., Kurita, S., & Nakashima, T. (1983). Growth,
development, and aging of human vocal folds. In D. M.
Bless, & J.H. Abbs (Eds.). Vocal Fold Phvsiology
Contemporary Research and Clinical [ssues (pp. 22-44).
San Diego: College Hill

Kay Elemetrics Corp. (1990). Visi- pitch applications
manual (pp. 35). New Jersey: Kay Elemetrics

Kay Elemetrics Corp. (1990). Waveform displav system
model #6091. New Jersey: Kay Elemetrics.

Silverman, E, & Zimmer, C. (1975). Incidence of chronic
hoarseness among school-age children. Journal of Speech
and Hearing Disorders, 40, 211-215.

Titze, ILR. (1990). Interpretation of the
electroglottographic signal. Journal of Voice, 4 (1).1-9.

Robb, M. P, & Simmons, J. O. (1990). Gender
comparisons of children’s vocal fold contact behavior.
Journal Acoustical Society of America, 88 (3), 1318-1322.

Wilson, K. D. (1972). Voice problems of children (pp.
70). Baltimore: Williams & Wilkins.




Appendix A
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ADULT'S QUASI-OPEN QUOTIENTS CHILD'S QUASI-OPEN QUOTIENTS

/a/l = .42 /a/l = .47
/aj/2 = .33 /aj/2 = .48
/a/3 = .43 /a/3 = .55
AVERAGE = .39 AVERAGE = .50
/i/1 = .56 /1i/1 = .45
/1i/2 = .43 /1i/2 = .41
/i/3 = .52 /i/3 = .55
AVERAGE = .50 AVERAGE = .47
/u/l = .41 /u/l = .48
Ju/2 = .41 /ju/2 = .58
/u/3 = .41 /u/3 = .46
AVERAGE = .41 AVERAGE = .51

Figure 13 Adult and child quasi-open quotient measurements of
the Lx waveforms produced using modal voice for the
sustained vowel sounds /a/, /i/, and /u/.
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Appendix B
Wilson Voice Profile Scale

Name Birth Date Age Sex
Rater Date Time of Day Place

1. PITCH
Normal
High 1 2 3 45 6 7
Low
VOCAL INFLECTIONS
Normal
Monotone 1 23 4 5 6 7
Excessive
3. LARYNGEAL TONE
Normal
Breathy 1 23 45 6 7
Harsh
Hoarse
4. LARYNGEAL TENSION
Normal
Hypertense 1 2 3 45 6 7
Hypotense
5. VOCAL ABUSE
No
Yes 1 23 45 6 7
6. RESONANCE
Normal
Hypernasal 1 2 3 45 6 7
Hyponasal
7. NASAL EMISSION
No 1 23 45 6 7
Yes
3. LOUDNESS
Normal 1 2 3 4 5 6 17
Too Loud
Too Soft
9. RATE
Normal 1 23 4 5 6 7
Fast
Slow
10. OVERALL VOICE EFFICIENCY
Adequate 1 23 4567
Inadequate

[

COMMENTS:

‘ INSTRUCTIONS:
A. Circle the appropriate descriptive term under each item.
| B. For each item not normal or adequate, circle a number on the scale for that item.

Do not mark between numbers.

Key: 1 = slight deviation 7 = severe deviation
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