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SOME CLINICAL DATA ON AERODYNAMIC EXAMINATION
USING THE AIRWAY INTERRUPTION METHOD

Masayuki Sawashima, Kiyoshi Honda, Seiji Niimi and Hajime Hirose

1. Introduction

For clinical purposes, we developed a system to measure
expiratory lung pressure during phonation using the airway
interruption method combined with measurements of the air flow
rate, vocal pitch and intensity. This system is now in use for
clinical data collection. In this paper, we examine the
relationships between vocal intensity, air flow rate and
expiratory lung pressure in some of the clinical data in order to
establish an appropriate format for evaluating aerodynamic
conditions in phonation.

2. Procedures

A description of the principles of the system have been
reported elsewhere.l)-3) Measurements were made in a sound-proof
room in the outpatient c¢linic of the Department of
Otolaryngology, University of Tokyo Hospital.

Subjects were normal and pathologic cases examined at the
special clinic for voice disorders. They were classified into 3
groups: control, vocal cord polyp and recurrent nerve paralysis.
The control group consisted of 20 males and 29 females with
normal voice or only slightly pathologic voice. The vocal cord
polyp group consisted of 16 males and 21 females with moderate to
severe pathologic voice. The recurrent nerve paralysis group
consisted of 17 males and 10 females with moderate to severe
pathologic voice. Measurements were made for a sustained
phonation of 3 to 4 seconds at habitual vocal pitch and
intensity.

3. Results and Comments

Table 1 shows the raw data obtained from each of the
subjects in the 3 groups. For each group, from the left-most
column to the right, the case number, fundamental frequency of
voice (Fo) in Hz, intensity of voice (I) in SPL, flow rate (FR)
in ml/sec and expiratory lung pressure (EP) in mmHy0 are listed.
Female subjects are indicated by underlined case numbers. The
ranges of the values of I, FR and EP in the control group were 66
to 88 dB, 82 to 355 ml/sec and 28 to 148 mmH;0, respectively.
Those in the vocal cord polyp group were 72 to 88 dB, 112 to
459 ml/sec and 29 to 176 mmH;O0. Those in the recurrent nerve
paralysis group were 68 to 89 dB, 79 to 1,235 ml/sec and 36 to
153 mmH5O0.

There appeared to be no systematic difference in these
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values between males and females. Thus, we used the pooled data
of both the males and females for further analysis,

The logarithms of the flow rate and pressure values were
calculated as follows:

c
"

10Logjg u ml/sec

)
[}

10Logyg p mmH0

The relationships between I(intensity), U(flow rate) and
P(pressure) were then examined.

Table 1 Results of measurements in the 3 groups. No: case
number (females are underlined); Fo: fundamental frequen-
cy of voice(Hz); I: intensity of voice(dB SPL); FR: air
flow rate(ml/sec); EP: expiratory lung pressure(mmH;0).

NO 0 I FR EP FO I FR EP NO FO 1 FR EP NO FO 1 FR EP
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3-1. Control Group

The relationship between I and U is shown in Fig, 1, where
the ordinate indicates I and the abscissa U. The ellipse in the
figure circumscribes an area which includes 90 % of the data
points. The distribution of these data points shows fairly large
individual variation, and there appears to be no systematic
relationship between vocal intensity and flow rate.

The relationship between I and P is shown in Fig. 2. The
ellipse in the figure circumscribes an area including 90 % of the
data points, The figure appears to indicate a positive
correlation between vocal intensity and expiratory lung pressure,
but the data points show a considerable amount of individual
variation.

it is known that the efficiency of converting aerodynamic
power to acoustic power at the glottis is variable in normal
phonation and increases with vocal intensity. Thus, 1t is
believed that air flow rate and expiratory pressure would
correlate more consistently to vocal intensity if we took into
account those values which represent glottal efficiency. We
may say that the value I-U represents the glottal efficiency in
the air flow rate, and I-P that in the expiratory lung pressure.
Then, the values I-U and I-P can be considered to be more
consistently correlated to I than U and P.

I
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I vs U x [ x
x [ I vsp *
3 control
L | Control
sor 80}
70} . 70[ )
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55 b 60 P
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Fig. 1 Relationship between 1 Fig. 2 Relationship between 1I
and U for the control group. and P for the control group.
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In Fig. 3, the values of I-U are plotted in relation to I.
The ellipse in the figure circumscribes an area which includes
90 $ of the data points. The distribution of the data points
shows a linear relationship between I-U and I with very small
individual variation. It can be clearly seen that the acoustic
output per unit flow rate, i.e., the efficiency in the flow rate,
increases consistently with vocal intensity.

The relationship between I and I-P is shown in Fig. 4. 1In
this figure, it can also be clearly seen that the efficiency in
the lung pressure increases consistently with vocal intensity,
with only very small individual variation. There is a linear
correlation between I and I-P. The ellipse circumscribes an area
including 90 % of the data points.

Fig. 5 shows the relationship between I and I-(U+P). The
value U+P represents the aerodynamic power of the expiratory air,
and I-(U+P) corresponds to the efficiency of converting ex-
piratory air to acoustic output. There is a linear correlation
between I and I-(U+P), with some individual variation.

Assuming that the data of the control group represents the
range of values in normal subjects, the ellipses in Figs. 3 to 4
may be considered to be reasonable references for evaluating
aerodynamic data obtained in pathologic cases. The leftward shift
in the data points outside the ellipse indicates an abnormal
reduction in efficiency.

90'I 90 -1
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Control 1 vs I-P
5 3 Control
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L
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Fig. 3 Relationship between I Fig. 4 Relationship between I
and I-U for the control group. and I-P for the control group.

—220—



90t 3-2. Pathologic Cases

I vs I-{U+P)
Control

x The relationship between 1
and I-U in the vocal cord polyp
group is shown in Fig. 6. The
ellipse in the figure circum-
scribes an area including 90 %
of the data points in the cont-
rol group. Several cases show
an abnormal reduction in £flow
rate efficiency, while many of
the data points are within the
range of the control group.

x Fig. 7 shows the values of I-P

in the vocal cord polyp group

. : plotted in relation to I. Here

also, there are several cases
showing an abnormal reduction

I-(u+P) in expiratory lung pressure

-~ efficiency. A similar pattern
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Fig. 5 Relationship between I
and I-(I+U) for the control

group.
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Fig. 6 Relationship between 1 Fig. 7 Relationship between
and 1-U for the vocal cord and 1-P for the vocal corc
polyp group. polyp group.

—221—



can be seen in Fig. 8, where the relationship between I angd
I1-(U+P) is shown for the vocal cord polyp group. These figures
indicate that several of the vocal cord polyp cases have a pa-
thologic aerodynamic condition either in flow rate or in expira-
tory lung pressure, or both.

The data of the recurrent nerve paralysis group are shown in
Figs. 9, 10 and 11. 1In Fig. 9, the values of I-U are plotted in
relation to I. It should be noted that many of the cases show a
large leftward shift of data points, indicating a profound
reduction in flow rate efficiency compared to the control group.
This finding corresponds to an excessive air flow through the
glottis due to incomplete glottal closure in phonation, The
relationship between I and I-P is shown in Fig. 10. More than
half of the cases show an abnormal reduction in pressure
efficiency, but to a lesser degree than for the flow rate. This
finding may reflect an excessive expiratory force due to
excessive air flow passing through the glottis. The relationship
between 1 and I-(U+P) in Fig. 11 shows a pattern similar to
Fig. 9, indicating a profound reduction in the total efficiency
in many cases. These figures indicate that many cases in the
recurrent nerve paralysis group suffer from a great reduction in
aerodynamic efficiency, mainly due to excesssive air leakage
through the glottis.

20

rI 90,1
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Fig. 8 Relationship between I Fig. 9 Relationship between I
and 1-(U+P) for the vocal cord and 1-U for the recurrent nerve
polyp group. paralysis group,
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and I-P for the recurrent nerve
paralysis group.
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Fig. 11 Relationship between 1
and I-(U+P) for the recurrent
nerve paralysis group,

3-3. Relationship between U

and P

The values of I-P for the
control group are plotted in
relation to those of I-U in
Fig. 12. The ellipse includes
90 % of the data points. The
figure shows a linear relation-
ship between the two values,
with little individual varia-
tion. This result indicates
that the lung pressure value is
well estimated by the value of
the air flow rate, and vice
versa, as far as our experimen-
tal conditions are concerned.
If the results can also be app-
lied to pathologic cases, we may
conclude that the clinical eval-
uation of aerodynamic conditions
can be reasonably achieved by a
measurement of air flow rate and
vocal intensity without measur-
ing expiratory lung pressure.
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Fig., 12 Relationship between

I-U and I-P for the control
group.
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Fig. 13 shows the relationship between I-P and I-U for the
vocal cord polyp group. The distribution of the data points is
not the same, but is close to that for the control group.
Fig. 14 shows the same display for the recurrent nerve paralysis
group. It can be seen that the distribution of the data points
is different from that of the control group, showing greater
individual variation. These data indicate that we need to have
both flow rate and pressure data for a comprehensive evaluation
of aerodynamic conditions in pathologic cases having a great
reduction of the efficiency in either flow rate or expiratory
lung pressure, or both.
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Fig. 13 Relationship between Fig. 14 Relationship between
1-U and I-P for the vocal cord 1-U and I-P for the recurrent
polyp group. nerve paralysis group.
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