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SIGNIFICANCE OF MECHANORECEPTORS IN THE SUBGLOTTAL 
MUCOSA FOR SUBGLOTTAL PRESSURE CONTROL IN SINGERS 

John  Sundberg, Jenny Iwarsson*, & Ann-Marie Holm Billstrom* 

Abstract 

According to Wyke & Kirchner (1976), mechanoreceptors in the subglottal 
m ucosa play a significant role in the regulation of laryngeal m uscle activity 
in response to changes of subglottalpressure duringphonation. In singerss, 
this pressure is adapted not only to phonatory loudness of phonation but 
also to fundamental frequency. By spraying xylocaine solution with a 
needle inserted into the trachea through the anterior gap between the cri- 
coid and thyroid cartilages the subglottal mucosa was anesthetized in three 
singers. The effects on subglottal pressure and fundamental frequency of 
this anesthesia were examined. The pressure effects varied between the 
subjects while the fundamental frequency accuracy deteriorated in all three 
subjects. The implications of these findings are discussed. 

INTRODUCTION 
Singers often use comparatively high subglottal pressures, because in singing this 
pressure is varied not only for the purpose of changing vocal loudness but also with 
voice fundamental frequency, which both obviously change within wide limits 
(Rubin, LeCover, & Vennard, 1967; Leanderson, Sundberg, & von Euler, 1986). As 
subglottal pressure affects pitch, it can be postulated that failures to match an in- 
tended target pressure cause the singer to sing out of tune. In neutral speech, on the 
other hand, subglottal pressure remains basically constant during an utterance 
(Lieberman, 1968). This implies that the sensory system involved in the control of 
subglottal pressure must be particularly relevant in singers. 

According to Wyke, mechanoreceptors in the subglottal mucosa contribute to the 
reflex control of the intrinsic laryngeal muscles during phonation (Wyke & Kirchner, 
1976). In particular, Wyke claims that 'this subglottic mucosal reflexogenic system is 
of major importance in the modulation of vocal fold activity during production of the 
singing voice - and this is borne out by the fact that topical anaesthesia of the sub- 
glottic mucosa ... practically destroys the subject's capacity to sing for the duration of 
action of the anesthetic agent. " 

Gould & Okamura (1974) attempted to inhibit or diminish the activity of the mu- 
cosal receptors by means of topical anesthesia applied through the mouth in one 
male adult speaker. They observed that during anesthesia the subject used higher 
subglottal pressures in loud phonation. Also, they found that the time delay between 
the onset of activity in some breathing muscles and the onset of phonation tended to 
increase slightly during anesthesia. The authors concluded that there is a close rela- 
tionship between the regulation of voice and the subglottal reflex system. 

Garrett & Luschei (1991) studied the effect of externally imposed fluctuations of 
the subglottic pressure on the EMG activity in laryngeal muscles during evoked 
phonation in anesthetized cats. Phonation was evoked by brain stimulation. Some- 
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fundamental frequency, was recorded on another track. The audio signal as picked 
up by a SONY microphone was also recorded. 

pa- -pa- -pa- -pa- -pa- -pa- -pa- -pa- -pa- -pa- -pa- -pa- -pa- -pa- -pa- -pa- -pa- -pa- -pa- pa- -pa- -pa- pa- -pa- -pa 

Fig. 2. Triad sequence used in the experinzent. 

Three experienced singers volunteered as subjects, two baritones, age 34 and 56, 
and one alto, age 22. The subjects were all interested in voice theory. The subjects 
sang the triad sequence after they had had a chance to warm up their voices. 

The pressure signal from the tape recording was analyzed by an oscillograph 
(Siemens Mingograph), Fig. 3. The pressures used for the second syllable of each tone 
in the triad sequence was measured. The mean and the standard deviation were then 
computed for each tone in the triad sequence. The average of all these standard de- 
viations was then determined. This mean standard deviation was assumed to reflect 
how accurately the subject replicated his/her pattern of subglottal pressures when 
repeating the triad sequence. Therefore, it was used as a measure of the accuracy of 
the control of subglottal pressure under the various experimental conditions. To 
check for training effects the renderings of the triad sequence were grouped into four 
series, each consisting of ten renderings, thus two series before and two series after 
anesthetization. 

Fig. 3. Block diagram of the experimental setup. The accelerometer was fastened to the 
subject's neck by means of an elastic ribbon. The pressure transducer captured the oral 
pressure by means of a plastic tube. 
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Fundamental frequency was measured using the SWELL analysis program 
(Ternstrom, 1991). The fundamental frequency signal was displayed on the computer 
screen and, excluding onset and decay transients, the signal for each tone was 
selected for analysis and converted to a frequency histogram, see Fig. 4. 

SUBJECT 3, SERIES 3 
300, 

TIME (sec) 

SUBJECT 3, SERIES 3, TONE 2 
127.5 

FUNDAMENTAL FREQUENCY (Hz) 

Fig. 4. Illustration of the computer method used for measuring fundamental 
frequency. The upper graph shows the fundamental frequency curve as 
recorded from the FM tape recorder. The marked section of the third tone was 
submitted to a histogram an alysis as shown in the lower graph displaying the 
a verage fundamental frequency at the top. 



SUBJECT 1, NORMAL SUBJECT 2, NORMAL SUBJECT 3, NORMAL 

0 0 0 

0 5 10 15 20 0 5 10 15 20 0 5 10 15 20 

INTERVAL RE STARllONE, (st) INTERVAL RE STARTTONE, (st) INTERVAL RE STARTTONE, (sf) 

Fig. 5. Mean subglottal pressures used by the three subjects for the various tones in the triad sequence when performed without anesthetization of the 
subglottal mucosa. (Data on the top tone of Subject 1 are missing.) The dashes represent the average plus minus one standard deviation. The triangles in the 
leftmost panel show corresponding data previously collectedfrom the same subject (Cleveland G. Sundberg, 1983). 
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The mean of the frequency distribution for each tone was determined. This analy- 
sis procedure was applied either directly to the tape-recorded output of the pitch 
tracker or to the audio signal after pitch tracking, depending on the quality of the 
recording. The mean fundamental frequency was measured for each individual tone 
and converted to cent relative to the starting frequency. In this way, it was possible to 
compare the values of the three subjects in spite of their different pitch ranges. The 
average across all renderings was then computed for each tone in the triad sequence. 
The standard deviation of these means were then determined. As with the subglottal 
pressure, the average of these standard deviations was used as a measure of the ac- 
curacy of the control of fundamental frequency under the various experimental con- 
ditions. 

In this way, mean values and standard deviations were obtained for each tone in 
the triad sequence for every series of ten repetitions. The mean values show the aver- 
age sizes of the intervals sung by each subject in the triad sequence and the standard 
deviation shows how consistently the subject repeated the pattern. 

RESULTS 
Figure 5 shows the subglottal pressures in cm H20  as function of fundamental fre- 
quency in semitones (st) relative to the starting frequencies. 

All subjects rose their subglottal pressure with increasing pitch, as expected. For 
comparison, corresponding data from subject S1 collected from an earlier investiga- 
tion are also shown in the graph (Cleveland & Sundberg, 1985). These data corre- 
spond fairly well with our measurements, although the subject consistently used 
higher pressures and, thus, apparently sang somewhat louder during the present 
experiment. 

As mentioned, Gould & Okamura (1974) found that a topical anesthetization of the 
larynx caused their subject to use higher subglottal pressures than normally under 
conditions of loud phonation. Their interpretation was that the anesthetization raised 
the activation threshold of the mucosal receptors. We observed a similar effect in 
Subject 2 and, with regard to the highest tones, also for Subject 1 while for Subject 3 
no such effect was observed, see Fig. 6. 
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fig. 6. A veraged subglottal pressure differences for the various tones in the triad sequence 
before and after anesthetization of the subglottal mucosa. 
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Figure 7 illustrates how close to pure the subjects sang. The graph shows the fun- 
damental frequency data for the three subjects as related to the values according to 
the equally tempered tuning. Subject 1 exhibited an extreme discrepancy of no less 
than 164 cent, or one and a half semitone, for the decime at 16 semitones. For the 
remaining tones, however, the deviations varied between 0 and 50 cents, approxi- 
mately. Subject 2 showed much smaller deviations varying between minus 40 and 
plus 30 cents, approximately, while Subject 3 showed slightly greater deviations 
which tended to increase somewhat with pitch. 

SUBJECT l 
DEVIATION FROM 'CORRECT TUNING 

SUBJECT 2 SUBJECT 3 

0 5 10 15 20 0 5 10 15 20 0 5 10 15 20 

INTERVAL RE START TONE (st) INTERVAL RE START TONE (st) INTERVAL RE START TONE (st) 

Fig. % The three subjects'mean deviations from the equally tempered tuning when singing 
the triad sequence 20 times in succession with and without anesfhetization of the subglottal 
m ucosa. Filled symbols refer to the anesthetized condition. 

Figure 8 shows the effects of anesthetization on the pressure data. The results 
varied greatly between the subjects. Subject 1 exhibited a clear increase of the average 
standard deviation after anesthesia, suggesting that it deteriorated the accuracy of his 
pressure control system. Subject 2, on the other hand, revealed a paradoxical effect: 
the accuracy of pressure control improved after anesthesia. However, this probably 
reflected a training effect, the average standard deviation decreasing continuously 
over her four series. This subject had not practised this triad sequence before. The 
values of Subject 3 showed a very slight increase after anesthesia. 

Figure 9 shows the corresponding results for the fundamental frequencies. Here, a 
similar trend can be observed for all three subjects. The accuracy of pitch control 
deteriorated under conditions of anesthesia. 

DISCUSSION 
The main purpose of the anesthetization was to affect the mechanoreceptors in the 
subglottal mucosa. This goal was certainly achieved. Even though the applied 
amount of the anesthetizing agent differed between the subjects, all subjects felt that 
they became efficiently anesthetized during the experiment. Note also that Subject 3, 
who received the least amount of anesthesia, exhibited the greatest effect on the 
fundamental frequency control. However, it was impossible to limit the 
anesthetization to the subglottal mucosa; the subjects' breathing and coughing 
caused the anesthetization to scatter also to the glottal region. This would be the 
reason for the observed deterioration of the pitch control. Incidentally, none of the 
singers found that their capacity to sing was seriously inflicted by the anesthesia. In 
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this respect, our observations did not support Wyke 5 claim that singing became 
almost impossible during anesthesia of the subglottal region. 

The effects of anesthetization on subglottal pressure varied between the subjects as 
was shown in Fig. 8. Indeed, each of our three subjects showed a different pattern. 
While the training effect prevailed for Subject 2, a clear effect was observed for Sub- 
ject 1 while the effect was almost nil for Subject 3. One possible interpretation is that 
the different subjects applied different control strategies for subglottal pressure vari- 
ation; while the mechanoreceptors may have played an important role in Subject 1, 
they were perhaps not used in the regulation systems of Subjects 2 and 3. The sub- 
glottal mucosal mechanoreceptors are obviously not the sole feedback generators in 
the subglottal pressure regulation system. For example, the breathing muscles are 
provided with a proprioceptive system. In any event, the subglottal mucosal mecha- 
noreceptors seem to be of no paramount relevance to the regulation of subglottal 
pressure in singers. 

0 
1 2 3 4 

SERIES NUMBER 

0 
1 2 3 4 

SERIES NUMBER 

Fig. 8. A veraged standard deviations for the Hg. 9. A veraged standard deviations for 
subglottal pressures used for the different the fundamental frequency of the 
tones in the four experimental series, each of different tones l j l  the four experimental 
which consisted of ten repetitions sung in series, each of which consisted of ten 
succession; the first two series were sung repetitions sung in succession; the first 
without and the last two with anesthetization two series were sung without and the last 
of the subglottal mucosa. two with anesthefization of the subglottal 

mucosa. 

The variability in fundamental frequency was rather large; under unanesthetized 
conditions, the frequencies of the tones in the exercise had a standard deviation of 20 
cent, approximately, or one fifth of a semitone. This is far beyond the differential 
threshold of about 5 cent for musical intervals (Sundberg, 1982). Also, the frequency 
averages across trials for the three singers showed an average deviation from the 
equally tempered tuning of 23, 27, and 43 cents, respectively. The greatest mean de- 
viation for a single tone was no less than 164 cents in one of the subjects. Ternstrom & 
Sundberg (1988) found a standard deviation of 13 cents for the fundamental fre- 
quencies produced by the members of the bass section of an ambitious amateur choir. 
Taking into consideration that this value was observed when the singers were 
singing together, most of our values do not seem exceedingly high. 

A good musical ear is generally considered a mandatory prerequisite for a suc- 
cessful singer. This is certainly true, but it is interesting that our singer subjects sang 




