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Evaluation of Voice Therapy by Means of Photoglottography

Peter Kitzing and Anders Léfqvist

Department of Phoniatrics, University ENT Clinic, Malm General Hospital, Malmo,
and Department of Phonetics, of University Lund, Lund

Introduction

Photoglottography as a technique for investigating glottal vibrations was
developed by Sonesson (1960) and applied to systematic studies of normal
laryngeal behavior. Since its introduction, the method has been used to collect
information both on laryngeal vibrations (e.g. Kitzing and Sonesson, 1974), and
on laryngeal articulations (e.g. Lofgvist, 1976).

The question of the merits and limitations of the method is still unsettled,
specifically concerning the accuracy with which it reproduces variations in the
glottal opening area where the studies by Coleman and Wendah! (1968) and
Harden (1975) present conflicting results although they used the same method
of correlating the amplitude of the glottogram with area measurements made
from simultaneous high-speed motion picture films of the glottis. Therefore, it
appears unwise to draw any conclusions based on measurements of the glottal
opening area made from photoglottograms (Hutters, 1976). In spite of this
uncertainty, the temporal relationships within each vibratory cycle of the glottis
appear to be accurately preserved in the glottogram (Holmer, 1978). The point
of glottal closure is normally well defined as well as the point of peak glottal
opening, whereas the point at which glottal opening starts can often be difficult
to locate.

The present paper reports on some explorative work with photoglottogra-
phy and specifically poses the following two questions: can photoglottography
be used for routine purposes without technical difficulties and discomfort for
the subject? Can the method provide meaningful results within the field of voice
pathology?
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Method

The recordings comprised simultaneous registrations of electroglottogram (Lecluse,
1977), photoglottogram and the acoustic signal in patients suffering from various types of
voice disorders before and after voice therapy and/or phonosuigery.

The photoglottograph was a standard, commercially available unit (F-J Electronics) but
its mode of operation was modified before it was used for routine purposes. The ordinary
light source of the instrument was found impractical to use and instead the light for the
photoglottogram was supplied by a cold-light fountain (Stortz 482) and the light was
directed to the subject’s neck through a flexible fiberoptic bundle which was easy to handle
and place in the correct position. The placement of the light was controlled by indirect
laryngoscopy and care was taken to have an even illumination of the whole glottis. The light
entered the subglottic space through the soft tissues of the neck from an almost vertical
position.

The phototransistor was placed in a transparent, flexible plastic catheter which was
introduced into the pharynx through the nose under light topical anesthesia. During the
recordings, the transistor was kept at the level of the uvula.

The electroglottograph was custom built and the electrodes placed on each side of the
neck at the level of the thyroid cartilage.

The audio signal was recorded through a Sennheiser MD 421 dynamic microphone and
amplified by a custom-built amplifier.

The signals were recorded on an FM tape recorder (Lyrec TR 86) at a recording speed
of 30 in/sec and simultaneously monitored on an oscilloscope.

The subjects were asked to produce sustained vowels of different fundamental frequen-
cies and intensities and to repeat short passages of running text.

All the recorded material was written out on a Mingograph and the signals analyzed
visually and auditorily. Representative passages were then recorded once more on the
Mingograph with the tape recorder running at 16/32 in/sec thus providing good temporal
resolution in the records. Twenty consecutive vibratory cycles were measured and the
following calculations made: fundamental frequency (F,; Hz), open quotient (Oq = O/T),
and speed quotient (Sq = C-O/O-<C; fig. 1). Methodological and technical problems are
further discussed in Kirzing (1977) and Kitzing and Lofqvist (1977).

In addition to the glottographic registrations, the mean (Hz) and the range (semitones)
of the subjects’ F s were analyzed during their reading of a short story. The instrumentation
for this analysis has been described by Kitzing and Rundgqvist (1977).

Results

Sample records are presented in figures 1 and 2 and the measurements are
summarized in table I. We can first note a difference in F, between the two
recording situations. Mean F, is generally higher during the glottographic regis-
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trations than during the free reading. This holds true for all subjects. At the same
time, the differences in F, before and after therapy and/or surgery generally go
in the same direction for the two recording situations.

Subject 1, a 45-year-old woman with an edema on the left vocal fold, shows
an increase in F, and an increase in both Oq and Sq after the removal of the
edema and subsequent voice therapy. The change in F, is most likely related to
the decreased vibrating mass of the vocal fold after the operation. This has also
caused an increase in the Oq indicating that the glottis stays open for a longer
time during each vibratory cycle immediately after the operation. As a result of
voice therapy F, increases and Oq decreases again.

10 msec

Fig. 1. Record of photoglottogram (top trace), electroglottogram (middle trace) and
acoustic signal (bottom trace). The subdivision of the photoglottogram into various phases is
indicated.
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i
10 msec

Fig. 2. Record of subject 1 producing vocal fry. The irregular vibrations are clearly
visible. Traces as in figure 1.

Subject 2, a 47-year-old woman, suffered from vocal fatigue and received
voice therapy. The most obvious change is a decrease in Sq, indicating that the
glottis closes more slowly as a result of the therapy. This can be accounted for
by reference to the forces responsible for glottal closure during phonation.
Before the therapy, the subject mainly used muscular forces to accomplish the
closure whereas after the therapy, the aerodynamic forces (the Bernoulli effect)
were responsible for the closure. This is a stated goal of the ‘accent’ method used
in voice therapy and it also correlates well with the perceptual evaluation of the
subject’s voice which had a less strained quality after therapy.

Subject 3, a 45-year-old woman, suffered from vocal fatigue and had voice
therapy. No specific changes could be found in the glottogram and the results of
the therapy were insignificant from a perceptual point of view.

Subject 4, a 43-year-old male, suffered from habitual dysphonia (strained
voice) and received vocal therapy. In this case, the only measured effect was a
decrease in F, whereas neither Oq nor Sq showed any changes although the
voice had improved perceptually. Here the glottographic method was not sensi-
tive enough, or the measurements did not relate to the changes due to therapy.

Subject 5 is a 23-year-old woman with vocal fatigue. Her voice was very
strained but became normalized after therapy. The decrease in Sq can be related
to the same causes as for subject 2 above. The contribution of the aerodynamic
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Table I. Mean F, (Hz) and range (semitones) during reading, and F, Oq and Sq during the
production of sustained vowels

Subject Reading Glottography
Fo
Fo Oq Sq
1 pre 163/3 181 0.45 0.67
post a 161/8 195 0.85 1.38
post b 181/8 227 0.69 1.28
2 pre 186/5 193 0.55 1.27
post 181/6 198 0.55 0.91
3 pre 177/7 199 0.76 0.78
post 172/7 218 0.74 0.81
4 pre 133/9 151 0.50 1.25
post 126/7 138 0.56 1.21
5 pre 185/5 210 0.62 2.11
post 189/6 200 0.64 1.12
6 pre 159/6 198 0.72 2.00
post 167/7 173 0.74 1.19
7 pre 190/4 203 0.62 1.08
post 221/3 240 0.82 0.64
8 pre 213/4 244 0.63 1.53
post 179/5 204 0.61 0.94

Pre and post refer to recordings before and after voice therapy and/or phonosurgery,
respectively. For subject 1 two postoperative recordings were made, post a one week after
the operation and post b after three months of subsequent voice therapy.

components to maintaining vocal vibrations has increased and that of the
muscular components has diminshed, resulting in a better balance between the
two.

Subject 6 is a 28-year-old woman with habitual dysphonia (strained voice).
She suffered from a leaky voice and tried to compensate for this, which resulted
in a strained voice. Some leakage remained after the therapy and this is also
evident from the glottographic measurements where Oq is about the same before
and after therapy.

Subject 7 is an 18-year-old woman with bilateral vocal nodules. The glotto-
graphic registrations were made before and after the removal of the nodules and
the results are consistent with those for subject 1 with F, and Oq increasing
after the operation.
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Subject 8 is a 21-year-old woman with bilateral vocal nodules. The removal
of the nodules and subsequent voice therapy resulted in a perceptually better
voice but there was no clear change in the measurements apart from a decrease
inF,.

Discussion

In the introduction two questions were raised, the first of which concerned
the possibility of using photoglottography for routine purposes without techni-
cal difficulties and discomfort for the subject. We feel that this question can be
answered in the affirmative. With a suitable light source and a sensitive photo-
transistor, it is quite easy to obtain good signals from most subjects. The use of a
Nelaton catheter which is sealed at one end protects the transistor and makes the
insertion of the transistor into the pharynx unproblematic. It also helps in
maintaining the transistor in the same position during the recording session.

One might argue that the higher F, levels encountered during the glotto-
graphic sessions compared to those found during free reading result from the
strain put on the subjects during glottography. This is plausible but it is unclear
whether the use of sustained vowel sounds contributes to this effect since
subjects may tend to raise their F, when producing isolated sounds.

The second question raised in the introduction concerned the meaningful-
ness of the results. Due to the explorative nature of the study, any firm
conclusion seems premature but we feel that it is worthwhile to continue the
investigations. Some of the results could be tentatively related to physiological
and aerodynamic changes due to therapy and/or surgery whereas others could not
be readily interpreted. In order to have a firmer base for the interpretation of
the glottograms, they can be supplemented with simultaneous registrations of
aerodynamic parameters such as pressure and flow. Since our understanding of
the phonation process is far from complete, photoglottography appears to be
one way of obtaining information which can contribute to a better understand-
ing of this process both under normal and pathological conditions.

Summary

This paper reports on some explorative work with photoglottography and specifically
poses the following questions: Can the method be used for routine purposes and can it
provide meaningful results within the field of voice pathology? Recordings before and after
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therapy and/or phonosurgery are presented of patients suffering from various types of voice
disorders. The results are discussed in relation to physiological and aerodynamic changes due
to the treatment.
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