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!. Introduction 

Measuring subglottal pressure is a useful tool in diagnosing patients with 
voice problems. And of course it is a necessary part of a complete physiologi- 
cal description of speech events. 

But up to now none of the established methods to measure this subglottal 
pressure is simple enough to be applied in every day practice. These establish- 
ed methods are: 
— first, the transcutaneous needle; 
- secondly, the oesophageal balloon; 
- thirdly, the tip-catheter or the small tube-catheter through the glottis. 

None of these methods is easy-to-do, and the help of a medical doctor is 

near ly always needed. So the search for easier methods deserves our atten- 

tion, not in the last place because research in the Groningen ENT Clinic has 
revealed that the subglottal pressure is an important parameter in establish- 
ing vocal dysfunction. 

2. The intraoral method 

An interesting and easy-to-do method proposed by Rothenberg in 1973 and 

Used again by Smitheran and Hixon in 1981 is: to measure the subglottal 

Pressure during phonation indirectly, by estimating it from the intraoral 

Pressure during the occlusion phase of adjacent voiceless plosive consonants. 

This is what makes this method simple: the intraoral pressure can be 

measured in a comparatively uncomplicated way by inserting a small cathe- 

ter into the month through the lips. 
The method is based on two assumptions: the first is that the peak oral 

pressure obtained in this way corresponds to the subglottal pressure during 
phonation. The second assumption, though it is never mentioned as such 
as far as we know, is that the glottis is open during the occlusion phase of 
voiceless plosive consonants. It is known for French and Russian Speakers 
that the glottis is not open during this occlusion phase. For Dutch speakers 

We are not sure at all, because, like in French, there is no aspiratton after 

V0iceless plosive consonants; this may point to a closed glottis before the 

Phonation starts. 
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3. Comparative measurements 

We carried out measurements on two Dutch-speaking subjects in order to 

test the reliability of the method. The most obvious way to do this is to 

compare data from simultaneous measurements of first the intraoral pres- 

sure and secondly the subglottal pressure, assessed by one of the afore-men— 

tioned established methods. In our study we used the oesophageal balloon. 

Figure 1 shows the parameters we recorded in our measurements. 

The oesophageal pressure is measured with an oesophageal balloon, fixed 

to a long thin catheter passing through the nase. The oral/nasal flow is 

measured with a Lilly flowhead, fixed to a rubber mask. The flow curve 

provides information on the moments of lip opening of the plosive conso- 

nant /p/ . A signal related to the lung volume is computed by integration from 

the flow curve. We need to know this lung volume because it is related to the 

oesophageal pressure by lung mechanical factors. The microphone signal is 

used to assess the moments of voice onset and Offset. The intraoral pressure 

was measured with a small catheter through the mask, with a pressure 

transducer fixed directly to the mask. 
The way in which the intraoral and oesophageal pressure are compared iS 

shown in Fig. 2. 

In order to assess the value of the subglottal pressure we must have a 

reference point. This is necessary because the intraoesophageal and intratra- 

cheal pressures are different to a varying degree, depending upon lung 

mechanical factors. We have chosen the reference point to be the moment of 
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Figure [. Diagram of the experimental set up. The curves are recorded on a Mingograph. 
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Figure 2. The way in which the subglottal pressure is derived from the oesophageal pressure ar;d 

compared to the intraoral pressure. The subject repeats /pha/ at a rate of ca. 4 per secon . 

minimal lung volume (on top of the curve) during quiet breathmg. The real 

intraoesophageal pressure at that moment is about -0.4 kPa. We Will call the 

pressure at this moment the reference pressure. When the lung volume curve 

during the repeated phonations indicates that the lung volume IS the same as 

at the reference moment, we can consider the amount of pressure m the 

oesophageal pressure curve above the reference pressure to be equal to the 

driving pressure of the lungs, that is the mean subglottal pressure. So at this 

moment of the curves this mean subglottal pressure can be directly compared 

to the simultaneously measured intraoral pressure. _ 

Schutte (1980) gives a more complete description of the mtraoesophageal 

measuring of subglottal pressure, and of the registration of flow and volume 

curves. 

4. Results of the measurements 

ln Figures 3 and 4, the reference pressure, Whi°h was always assessedm the 

way we described, is indicated by a solid horizontal line; an arrow pomts to 

the moment of measurin . 

In Figure 3 the subjectgrepeats /Pa/ at 3 rate °f about 4 per second. The 
oesophageal pressure above the reference pressure and the mtraoral pressure 
have both the value of 0.6 kPa. When /Pa/ ““"ances are repeated at a 
slower rate, the two pressures are equally well comparable- _ . 

But as soon as aspiration occurs, differences show up 35 ‘5 5h°“’“ m Hg“? 

4, representing a /pha/ utterance, aspirated. We see that the oesophagea 

Pressure curve shows different values when we compare the moments of 

occlusion and of honation. . 
The speech rateris 2 per second and the pressure difference ns 0.2 kPa. At a 

Speech rate of 4 per second this difference is 0.1 kPa. 
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Figure 3. Lung volume, oral pressure, oesophageal pressure, flow and microphone curves of one 
of our subjects repeating /pa/ at a rate of ca. 4 per second. The arrow points to the moment of 
measuring. 

TIME „°° °° °. ° 
VOLUME 1 |___ ++++. ++- .—+-:—.+ ° ' ' ° ' ' . . . . .  _ _ _ _.+._._.._..._'_; + } . . .  ---- n---Q-- «, J.;-Ÿ. o_n—q—l 

. , “  I - - v v — . - v — - 1 - — - — ° — 4 - + — — +  «-—-—-:-i ' ---- ' -J  # # -  
;__-..__.__-._..:-......--..... ..-.........;._.' . 

_.1‚__‚..._._....:‚._L ...-' ..-.-.-.--.;..-.'_. .; ..i. .1..+..! .. .... - .. . …. , .'_ .. .° __. :|... ,...."._‘ 

p...—|... ‚..., 4 … “ —  .....-.._...9..+.+.'_._ù.-. '_..a , - .  . . . .- . . .  ...-_- . ;- .: 

. T ' L _ ___:‚_‚__ ' - _ ' ' '. 

O R A L  __---  ,..,._3,_,:.._......'..L.-4..--,..,..., ;... +...... -... . -. …..;-'_....;._..5... 
1 4-5...-----a--:—-5—-+-a.-+ ++... ..--„„-..... iii-H +:— 

k 8 . :_ -.-'.. ' ... —-—+-+-. __Î++-+-+++- PRESSURE - — -- —— —- - ++- +++—++.— - :_ ' _ .. ....- ._........ .-g. .. . _ „ '  _ ... . -  “Zn—5...“; ...-‚L 

' ' .; . ' = ' - ' ° 

o ' " ‘ ‘ ' . ' .- . . la". J „" & .. .... 

OESOPHAGEAL 1 .5 „___ . 

FLOW (l/s)’ 

- €... ,. "?: MICROPHONE ++ „hamma—+ _] 
u .  ' n n i “  5 . 4 .  «hun—4— 1 ‚ : ° . i t J r IL i ' l ’ * ‘ "_T" l ' „  ‘...i’“""“. 

Figure 4. Lung volume, oral pressure, oesophageal pressure, flow and microphone curves of one 
of our subjects repeating /pha/ at a rate of ca. 2 per second. The arrow points to the moment of 
measuring. 

5. Conclusions 

Our first conclusion from these experiments is that  the reliability of the 
method described does not depend on the rate of the utterances, when it 
varies between 2 and 4 per second. Of course, this and the following conclu- 

sions are valid for Dutch Speakers. 
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A second conclusion is that when aspiration occurs the curve of the 

oesophageal pressure shows fluctuations, indicating that the moment of 

intraoral measuring provides a deviant estimation of the mean subglottal 

pressure. In this case, as can be seen in  Figure 4, the estimate is too high. The 

differences amounted to  0.2 kPa, which means a measuring error of about 

25%. 

A third conclusion is that the intraoral pressure curve must have a hori- 

zontal part. This can be obtained by using a pressure measuring system with 

a response t ime within 30 ms, as was pointed out  by Rothenberg in  1981. The 

need of such a short response time is illustrated by the fact that we found the 

pressure build—up in the mouth to take place in 40-100 ms for /pa/ and /pha/ 

utterances. 

Our last conclusion is that on the basis of these and other measurements, 

the intraoral method to estimate the mean subglottal pressure is not, or not 

yet, a reliable tool when patients are involved with articulatory or vocal 

dysfunction. When for example a patient aspirates his /p/ consonants, or 

closes his glottis more or less violently during the occlusion phase, we can be 

almost sure that the estimates become unreliable. So we think that this 

method, as far as it has been developed up  to now, is a reliable tool to 

measure subglottal pressure in trained phoneticians; but it needs more 

research in  order to be a reliable method for the untrained voice patient. 
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