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Abstract
Phonation threshold pressure has been defined as the minimum subglottal
pressure to generate phonation. Previous research has indicated that children may
habitually employ higher subglottal pressures than adults. In the present
investigation, SPL and subglottal pressures at different pitch levels were measured
at and above phonation threshold in nine children. Phonation threshold values
were scattered in reasonable agreement with Titzes’ prediction, although a
discrepancy was noted regarding the frequency dependence in some voices. At
normal conversational loudness and loudest level of phonation, the children’s Ps

values were between 2 - 4 and 4 - 8 times the predicted threshold values,
respectively. At normal conversational loudness and habitual pitch, subglottal
pressures were lower than those previously observed for children but similar to
those found for female adults. The SPL in softest and loudest phonation were
somewhat lower as compared to previous phonetogram data for children and for
female adults. At normal loudness and habitual pitch, the SPL values were similar
to those of female adults. For a doubling of Ps mean SPL increased by 10,5 dB, on
the average.

Introduction
The present investigation is part of a research
project which started in 1991 with the aim of
describing the voice characteristics of 10-year-
old children. One study examined phonetograms,
or voice range profiles (McAlli ster et al., 1994).
It showed that the lower phonetogram contour, as
recorded with a manual procedure, was
somewhat elevated when compared to those of
normal adult subjects (Gramming, 1991;
Åkerlund & Gramming, 1994). As subglottal
pressure (Ps) is the primary factor contributing to
vocal loudness this raised a question concerning
the relation between subglottal pressures and
sound pressure level (SPL) in children.

A rise of Ps increases the loudness of
phonation by increasing the ampli tude of the
vocal fold vibration and the speed of vocal fold
closure (Scherer, 1991). In nonsingers, such
intensity increases tend to be accompanied by a
rise in fundamental frequency. Titze (1989 and
1996) proposed that this effect would be greater
in children’s voices due to their shorter vocal
folds. Using excised larynxes, he found that for
vocal folds with a membranous portion of 5 and
10 mm respectively, a doubling of Ps would yield
approximately a 40 and 5 Hz increase in

fundamental frequency, respectively, all other
conditions held constant (Titze, 1989).

An increased Ps can be expected to produce a
greater gain in output sound level in children as
compared to adults. For adults, Isshiki (1964)
found that a doubling of Ps resulted in an 9 dB
increase of intensity. Fant (1982) proposed a 9.5
dB increase accompanying a doubling of Ps; he
also suggested the possible aerodynamic back-
ground for this gain. Holmberg et al. (1988)
reported on a 13 dB increase with a doubling of
Ps. Stathopoulos & Sapienza (1993) found that a
doubling of Ps yielded an 11 dB increase for a
group of adults and 16 dB for 8-year-old
children.

Several studies of Ps in children have
indicated that there may be a reversed relation
between Ps and age, that is as age increases Ps

decreases (Subtelney et al., 1966; Bernthal &
Beukelman, 1978; Brown, 1979; Stathopoulos &
Weismer, 1985; Stathopoulos & Sapienza,
1993). However, Arkebauer et al. (1967) found
that children typically had a lower Ps than adult
speakers. No difference beween sexes has been
observed for 8 to 10-year-old children (Trull -
enger & Emanuel, 1983; Stathopoulos &
Weismer, 1985). Thus, the lower phonetogram
contour can be expected to be higher in children
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than in adults, provided that the same relation
between Ps, SPL and F0 is applicable to children
and adults.

It is not obvious that the last mentioned
assumption holds true in children’s voices. SPL
is mainly determined by the ampli tude of the
negative peak of the differentiated flow glotto-
gram which in turn is dependent on the reaction
of the vocal folds to a given Ps. The morphology
of the vocal folds in children differ from that in
adults. For example, before mutation the
structure of the tissues connecting the glottal
mucosa to the underlying structures is looser
than after mutation, as the lamina propria is not
fully differentiated into layers in children (Hirano
et al., 1983). Furthermore, the ratio between the
thickness of the mucosa and membranous portion
of the vocal folds is about 1:2 in newborns and
1:10 in adults (Hirano et al., 1983). Hirano et al.
(1983) also reported on developmental changes
in the vocalis muscle. In newborns, the muscle
fibers were found to be thin and were not fully
developed until the age of 27. Obviously there is
also a difference in vocal fold length in children
as compared to those of adults. At the age of 10,
children’s total vocal fold length, including the
cartilagenous portion, is in the order of 13 - 16
mm for girls and boys, respectively (Kent &
Vorperian, 1995). This should be compared to
the adult total vocal fold length of approximately
21 and 29 mm for adult women and men,
respectively (Kahane, 1982). The membranous
portion is approximately 12 and 15 mm for adult
women and men, respectively (Zemlin, 1981).

Titze (1992) has pointed out the relevance of
the phonation threshold pressure (Pth) to glottal
aerodynamics, i.e., the Ps used for softest possible
phonation. He also presented a formula for
relating Pth to fundamental frequency of
phonation (F0). In two articles, Titze (1989 and
1996) suggested that for short and lax vocal
folds subglottal pressure may play a more
dominant role in F0 control.

The purpose of the present investigation was
to determine Ps and SPL at softest, normal and
loudest phonation over the fundamental
frequency range for a group of 8.5-11.5 year-old
children.

Subjects
Included in the present investigation were 9
subjects, 3 girls and 6 boys ranging from 8.5-
11.5 years-old. All children had normal voices
and respiratory functions. Their mean speaking

F0 was 250 Hz with a SD of 25 Hz. Three of the
boys were tested twice and one boy three times.
At the second session one of the boys had a
hoarse voice.

Method
The speech sample consisted of repetitions of the
syllable [pa:] at different F0 covering a range of
18 to 24 semitones. The pitches were either sung
to the subject by the experimenter or given from
a Bontempi melotrone instrument. Three
recordings were made. In the first, only the
softest possible phonation was recorded in 7
subjects. In the second, also normal and loud
phonation were measured in 4 subjects, two of
which had participated in the first session. In the
third session two boys participated, one for the
third time and one for the second. Measures from
the second recording were repeated including all
three levels of loudness.

Subglottal pressure was estimated from oral
pressure during p-occlusion. A polyethylene tube
with an inner diameter 4 mm was inserted in the
corner of the mouth. It has been shown that this
yields a close correlation to the actual subglottal
pressure as derived from tracheal puncture
(Löfqvist et al., 1982; Hertegård et al., 1995).
The tube was connected to a pressure transducer
(Glottal Enterprises). The output and the audio
signal was recorded on separate tracks of a
TEAC RD 200T FM DAT tape-recorder located
outside a sound treated booth which measured
3.5 x 3.3 x 2.2 m. The signals were continuously
monitored on a mingograph writer to ensure that
the Ps signals had reasonably flat tops and
returned to zero during the vowel sounds. Before
and after each session, calibrations of Ps and
SPL were recorded on the same tape. The
pressure calibration was performed by recording
pressures determined with a manometer. The
SPL was realised by the experimenter’s sustained
phonation of a vowel sound while a B&K (model
2215) sound level meter with a linear frequency
weighting curve was held next to the recording
microphone; the SPL values determined from the
sound level meter were then announced on the
tape.

Figure 1 shows a typical example of the
recordings. For each pitch, the minimum pressure
occurring several times in the series of syllables
was accepted as representative of the Pth. For the
normal and loud phonation series, a median Ps

value was chosen, thus disregarding extremes.
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Figure 1. Example of registrations of oral pressure and audio signal (upper and lower traces).
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Figure 2. Comparison of Pth values observed at the different recording sessions for the subjects
indicated.
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Results
A comparison of the Pth value observed during
different recording sessions for subjects MM and
ME is shown in Figure 2. In both cases, the
values were higher during the last recording. At a
given pitch, the values mostly agreed within +/- 1
cm H2O, extreme 1.5 cm H2O This seems to
indicate that the pressure values obtained were
reasonably representative.

Figure 3 shows the Pth values for all subjects
together with Titze’s predictions computed for a
mean speaking fundamental frequency level of

250 Hz. At higher fundamental frequencies, the
computed threshold pressures represent a
reasonable approximation of the measured data.
At the lowest fundamental frequencies, however,
the measured values are clearly higher than the
prediction. For five subjects, subglottal pressure
showed a more or less pronounced tendency to
increase with fundamental frequency, but for
four of the subjects, three of which were girls, Pth

remained basically independent of any rise in
fundamental frequency.
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Figure 3. The Pth values for all subjects together with Titze’s computed prediction curve for a mean
speaking fundamental frequency of 250 Hz (dashed curve). Symbols refer to subjects. M= males, f=
females.
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According to Titze’s formula, the dependence of
the Pth on fundamental frequency is quadratic
(Titze, 1992). In these children, this dependence
seems closer to the square root of the funda-
mental frequency. At least for those subjects
where pressure data could be approximated with
a power function with the squared correlation
coefficient exceeding 0.5.

Figure 4 shows the pressures pertaining to
normal and loudest phonation for four children.
The reference curves represent the values
computed from Titze’s equation multiplied by 1,
2 and 4 in normal loudness and also multiplied
with 8 in loudest phonation. In normal loudness,
all subjects show pressures between two and four
times the predicted threshold values. One subject
(diamonds) has three of his data points clearly
above this curve. He also had a hoarse voice at
the time of the second recording. In the loudest
condition, the subjects used values ranging from
7 to 24 cm H2O corresponding to between 4 and
8 times the computed reference curve for
phonation threshold pressures.

Figure 5 shows the SPL values observed at
the phonation threshold. As can be seen, the
spread is considerable. The largest difference
between SPL values at one fundamental fre-
quency was 27 dB; from 48 - 75 dB. In the same
graph, three curves are plotted for comparison.
The solid line show the mean lower phonetogram
contour observed by Gramming (1991) in healthy
adult females, the long dashed line those reported
by McAlli ster et al. (1994) for normal 10-year-

old children, and the short dashed line data
reported by Böhme & Stuchlik (1995) for 7-10-
year-old children. The curve for adult females is
higher than a majority of the SPL values
observed in the present investigation (Gramming,
1991). Only for one child in the present study,
who had acute hoarseness at the time of the
recording, open diamonds, all data points are
higher. The SPL levels observed in the present
investigation are also lower than previously
reported for 10-year-old children’s phonetogram
contour (McAlli ster et al., 1994). Our present
values, however, are in reasonable agreement
with the Böhme & Stuchlik data (1995), although
these were recorded using the dB(A) measure,
which reduces the SPL values obtained at low
fundamental frequencies; at 200 and 500 Hz, this
reduction is 10 and 2 dB, respectively
(Gramming & Sundberg, 1988).

The SPL values observed at loud phonation
for four children are shown in Figure 6. For
comparison, three curves are also shown. The
solid, long dashed and short dashed curves
represent phonetogram data for adult females
(Gramming, 1991), for 10 year old children
(McAlli ster et al., 1994), and for 7-10 year old
children (Böhme & Stuchlik, 1995). There is a
fair agreement between our data and those
pertaining to the children’s phonetograms while
those belonging to adult females are clearly
higher throughout the pitch range.
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Figure 4. The pressure values for four children at normal and loudest phonation, respectively,
together with Titze’s computed prediction curve multiplied by 1, 2 and 4 for normal loudness and
multiplied also by 8 for loudest phonation (thin and heavy dashed curves). Subjects’ symbols same as
in Fig 3.
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Figure 5. SPL values observed at Pth. For comparison, three reference curves pertaining to adult
females, solid line (Gramming, 1991), 10-year-old children, long dashed curve (McAlli ster et al.,
1994), and 7 to 10-year-old children, short dashed curve (Böhme & Stuchlik, 1995). Subjects symbols
same as in Figure 3.
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Figure 6. SPL values observed for four children at loudest phonation together with three reference
curves pertaining to adult females, solid line (Gramming, 1991), 10-year-old children, long dashed
curve (McAlli ster et al., 1994), and 7 to 10-year-old children, short dashed curve (Böhme & Stuchlik,
1995). Subjects symbols same as in Figure 3.
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Subglottal pressures and corresponding SPL values
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Figure 7. Relation between Ps and SPL for all 9 children (diamonds). The line approximates the
overall SPL increase with Ps showing that on average a doubling of Ps yields a 10,5 dB increase in
SPL.

The relationship between SPL and the log of Ps,
disregarding F0, is shown in Figure 7. The
trendline (linear regression) shows that, on
average, a doubling of subglottal pressure
yielded approximately a 10,5 dB increase of SPL
in the present group of children. This agrees well
with the means found by Stathopoulos (personal
communication) for 20 10-year-old children
showing an increment of about 10 dB per
doubling of Ps.

Table 1 shows the mean SPL values in
conversational speaking F0 observed in softest,
normal and loudest phonation. Our data is

compared to the results by Stathopoulos
(personal communication) for soft, normal and
loud phonation. The dB values have been
corrected by reducing Stathopoulos values with 6
dB, due to different measuring distance. In soft
and loud phonation our pressure values are lower
and higher, respectively, than Stathopoulos’
values, but the corresponding SPL deviate
accordingly. In normal phonation, however, our
pressure average is lower while our SPL mean is
higher; this discrepancy could be due to the fact
that in this case our mean was based on no more
than 4 tokens.

Table 1. Comparison of our data and those reported by Stathopoulos (26) regarding mean SPL and
mean Ps at conversational pitch and different vocal loudnesses. N refers to the number of values
averaged in our investigation.

Stathopoulos Present study

SPL Ps SPL Ps N

@ 15 cm @ 30 cm CM H2O @ 30 cm cm H2O

Soft/softest 72 66   6 59,6   3,6 26

Neutral 76 70   8,7 78,3   5,9   4

Loud/loudest 81 75 10,7 81,6 12,5   8
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Discussion
Our data on subglottal pressure in children seem
reliable as suggested by the comparatively low
SD obtained for repeated measurements. Still ,
the phonation threshold pressures observed in our
group of children were somewhat lower when
compared to typical values previously reported
for children’s soft phonation (Subtelney et al.,
1966; Bernthal & Beukelman, 1978; Brown,
1979; Stathopoulos & Weismer, 1985;
Stathopoulos & Sapienza, 1993; Stathopoulos,
personal communication). This could be due to
the fact that the children in our investigation were
asked to phonate as softly as possible rather than
soft. However, the obtained threshold pressure
values for our group of children were rather
similar to those observed for non singer adult
female voices (Gramming, 1989; Åkerlund &
Gramming, 1994) although our data have a
greater scatter.

The discrepancies between our data and the
Pth predicted by Titze were observed mainly at
the lowest fundamental frequencies and regarding
the dependence of fundamental frequency. Titze’s
equation is based on a number of physiological
parameters, such as mucosal wave velocity in the
vocal fold cover, vocal fold thickness and length
and mean damping of the tissue vibration (Titze,
1989, 1992, and 1996). Several of these factors
and associated mechanisms would differ between
children and adults, thus possibly explaining
these differences between the observed and
predicted pressure data. However, similar
discrepancies have been found in the lower
frequency range of adult female voices (Åkerlund
& Gramming, 1994). It has also been shown that
the level of hydration affects the level of
phonation threshold (Verdolini-Marston et al.,
1990). It is possible that children and adults
differ also in this respect.

In male patients with non-organic dysphonia,
significantly higher Pth have been found as
compared to normal voices (Gramming, 1989).
In our investigation, the child with acute
hoarseness exhibited a clearly elevated Ps as
compared to the rest of the group. His mean Pth

value was almost twice that of the other subjects
and increased substantially with fundamental
frequency. This probably reflects an increased
stiffness in the vocal fold cover.

At normal conversational loudness,
Stathopoulos & Weismer (1985) found a mean
pressure of 6.2 cm H2O in a group of 10 children
from 4-8 years of age. For a conversational
speaking fundamental frequency of 250 Hz at
normal loudness, we observed pressures in the
range of 3 - 7 cm H2O, with a mean of 5.9 cm

H20, thus similar to their results. This is in
accordance with findings for adults at normal
conversational loudness and F0 (Subtelny et al.,
1966; Bernthal & Beukelman, 1978; Holmberg
et al., 1988; Hertegård & Gauff in, 1991). Fant
observed a pressure of about 6 cm H2O for male
adults’ spoken voiceless stops (Fant, 1960). In a
more recent investigation, Stathopoulos (personal
communication) found a slightly higher mean
value, 8.7 cm H2O for 10-year-old children’s
conversational speech. This value is closer to 9.5
cm H2O, which is our mean value calculated
across the entire frequency range for normal
loudness.

Isshiki (1964) found that a doubling of Ps

typically resulted in an 9 dB increase in adult
voices. Stathopoulos & Sapienza (1993) reported
that a doubling of Ps yielded an 11 dB increase
for a group of adults and 10 dB for a group of 20
10-year-old children (Stathopoulos, personal
communication). This value is in close agreement
with our result.

In softest phonation, most of our SPL values
were low as compared to previous phonetogram
data for children and adult females (Gramming,
1991; McAlli ster et al., 1994; Böhme &
Stuchlik, 1995). A possible explanation for these
discrepancies is the difference in task between
these studies. In the phonetogram studies, the
children were asked to sustain an isolated vowel
at constant pitch and sound level, while in the
present investigation, they were repeating a CV
syllable. The exact experimental conditions tend
to influence the SPL values obtained in a
phonetogram recording. For example, it is
possible that a higher Ps is required to sustain a
stable vowel. However, the scatter of SPL values
in the present investigation is considerable. It is
possible that the variabili ty both in and between
subjects is greater in children than adults. Thus,
the repeated recording sessions reflect the
inherent scatter.

With regard to loud phonation, there was no
great difference in SPL values as compared to
previous investigations. The present SPL values
are in fair agreement with those pertaining to the
childrens’ phonetograms, while those of adult
females are clearly higher throughout the
fundamental frequency range.

Conclusions
We have found that children’s threshold
pressures are similar to those predicted for adult
female voices. However, in the lowest
fundamental frequency range Ps values were
higher than those predicted by Titze’s equation
for Pth. At normal conversational loudness and at
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loudest level of phonation, the children’s Ps

values were between 2 - 4 and 4 - 8 times the Pth

values predicted by that equation, respectively.
Many children’s Ps increased with the square
root of F0. In soft phonation, the children’s
overall SPL values were somewhat lower than
those previously measured in phonetogram
recordings of both children and adult females.
This discrepancy may be due to the difference in
experimental procedure used in the phonetogram
recordings and in the present phonation threshold
pressure recordings. For a doubling of Ps, we
found an average SPL increase of 10.5 dB.
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Figure 1. Example of registrations of oral pressure and audio signal (upper and lower traces).

Figure 2. Comparison of Pth values observed at the different recording sessions for the subjects
indicated.

Figure 3. The Pth values for all subjects together with Titze’s computed prediction curve for a mean
speaking fundamental frequency of 250 Hz (dashed curve). Symbols refer to subjects. M= males, f=
females.

Figure 4. The pressure values for four children at normal and loudest phonation, respectively,
together with Titze’s computed prediction curve multiplied by 1, 2 and 4 for normal loudness and
multipied also by 8 for loudest phonation  (thin and heavy dashed curves). Subjects’ symbols same as
in Fig 3.

Figure 5. SPL values observed at Pth. For comparison three reference curves pertaining to adult
females, solid line (2), 10-year-old children, long dashed curve (1), and 7 to 10-year-old children,
short dashed curve (24). Subjects symbols same as in Figure 3.

Figure 6. SPL values observed for four children at loudest phonation together with three reference
curves pertaining to adult females, solid line (2), 10-year-old children, long dashed curve (1), and 7
to 10-year-old children, short dashed curve (24). Subjects symbols same as in Figure 3.

Figure 7. Relation between Ps and SPL for all 9 children (diamonds). The line approximates the
overall SPL increase with Ps showing that on average a doubling of Ps yields a 10,5 dB increase in
SPL.
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Table 1. Comparison of our data and those reported by Stathopoulos (26) regarding mean SPL and
mean Ps at conversational pitch and different vocal loudnesses. N refers to the number of values
averaged in our investigation.

Stathopoulos Present study

SPL Ps SPL Ps N

@ 15 cm @ 30 cm CM H2O @ 30 cm cm H2O

Soft/softest 72 66 6 59,6 3,6 26

Neutral 76 70 8,7 78,3 5,9 4

Loud/loudest 81 75 10,7 81,6 12,5 8

22. Stathopoulos E T, personal communication. Sapienza C M: Cross-sectional study of

children’s speech. Manuscript for publication, 1996.


