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| NTRODUCTI ON

Communi cation, the transmtting and exchangi ng of
information, exists in many forms and occurs for many
purposes. It is a primary ingredient in the biological
worl d, the cohesive force in every human culture and the
dom nant influence in the personal |life of everyone of us.
Conmmuni cation in its broadest sense is a kaleidoscope of
processes operating in nunerous ways and viz. the mechani sm
of influencing nmasses, the foundation for social organization
the vehicle for our intellectual heritage and the nedium
wher eby each individual adjusts to his fellow nen (Carhart,

1969) .

Aristotle 346 BC declared that "art of delivery is to do

W th voi ce.

Voi ce is one conponent of speech. Human voice provides
an inportant vehicle for conmuni cati on and intrinsic
linguistic and grammatical features of stress and intonation
in speech. Voice and speech are inclusively human attri butes

(Geen, 1964).

It is harder to define normal voice than any other

speech and | anguage conponent because, by nature, voice
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variety is limtless and standards for voice adequacy are

broad (More, 1971).

The general standards for normal voice can be stated, as

exenmplified by the follow ng (Johnson, et al. 1956).

1) Quality must be pleasant. This <criterion inplies the
presence of a certain nusical quality and the absence of

noi se or atonality.

2) Pitch level nust be adequate. The pitch | evel nust be

appropriate to the age and sex of the speaker.

3) Loudness nust be appropriate. The voice nmust not be so
weak that it cannot be heard under ordinary speaking
condition, nor should it be so loud that it «calls

undesirabl e attention to itself.

4) Flexibility must be adequate. Flexibility or variety
refers to variation in pitch and |oudness that aid in the
expression of enphasis, neaning or subtleties indicating

the feelings of the individual.
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Voi ce has been defined as "the |aryngeal nodul ation of
the pulnmonary airstream which is further nodified by the

configuration of the vocal tract" (Brackett, 1971).

An attenpt has been nmade by Nataraja and Jayarama (1975)
to review the definitions of normal voice critically. They
have concluded that each of the available definitions of
voi ce have used subjective term which are neither defined
nor neasurable. They have suggested the possibility of
defining good voice operationally as the good voice is one
whi ch has optinum frequency as its fundanental (habi tual)

frequency.

The production of voice is a conplex process. It
i nvol ves the synchrony of the respiratory, resonatory and
phonatory system Disturbances in any one of these systens
| eads to deviant or abnormal voice quality. A voice disorder
exi sts when quality pitch, | oudness or flexibility differs
fromthe voices of others of simlar age, sex and cultura

group (Aronson, 1981).

Vocal hyperfunction (Froeschels, 1952) is an underlying
conponent in a majority of voice disorder (Boone, 1983).
Thus know edge of what <constitute vocal hyperfunction 1is

vital in clarifying both etiology and treatnent. However
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nost of our present understanding of vocal hyperfunction is

based on subjective judgenents.

One reason for the paucity of objective quantified
nmeasur enent of voice production is the invasiveness of sone
of the techniques, that have been raised wuntil recently.
There are several measur ement s t hat are obt ai ned
si mul taneously by neans of noninvasive, indirect technique,
viz. stroboscopy, ultra sound glottography, ultra high speed
phot ogr aphy, photo sensitive gl ottography, el ectrogl otto-
graphy, etc. These measur es are used to exam ne
rel ati onshi ps anong | aryngeal aerodynam c paraneters, factors
related to the physiological state of vocal folds, and the

acoustic characteristics of voice.

The fact that the measures are noninvasive has three
important inplications (1) They enable us to gather data on
| arge subject population and thus gain greater insight into
the normal nmechanism and pathol ogical processes that are
under study. (2) They have clinical potential because they
coul d be used. (3) Future studies could readily apply these
nmeasures to studying the efficacy of wvarious therapeutic
approaches used to treat vocal hyperfunction. The past

decade has wi tnessed an increasing application of aerodynam c
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studies of voice (Kent, 1981). The existing data on the
aerodynam c features of voice are found to be too sketchy in
nature, but that data holds the prom se of sensitive methods

for study the normal and abnormal voice.

The present study aims at analyzing the aerodynamc
feature of voice of normal adults and dysphonic adults. The

foll owm ng aerodynam ¢ neasures selected for the study.

-> Peak flow of air during phonation
-> Vital capacity

-> Maxi num sustai n phonation

-> Changi ng SPL

-> Vocal efficiency

-> Fast abduction/adduction rate.

Pur pose of the study

1) To establish normative data for the Indian popul ation.

2) To study the difference in adults with normal voice and

dysphonia with respect to these aerodynam c paraneters.

3) To study the sex differences in adults with normal voice

and dysphonia in terms of these paraneters.
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Nul I Hypot hesi s

There is no significant difference in terns of these

par aneters between dysphonics and nornal s.

- There is no significant difference between subjects wth
normal voice and dysphonics peak flow and other related

nmeasur es.

- There is no significant difference wwth regard to nornal
subj ects and dysphonics in terns and vital <capacity and

other rel ated neasures.

- There is no significant difference between normal subjects
and dysphoni c to nmaximum sustain phonation and other

rel at ed neasures.

- There is no significant difference between normal subjects
and dysphonic in ternms of changing SPL and other related

nmeasure.

- There is no significant difference between subjects wth
normal voice and dysphoni cs in terns of f ast

abduction/ adduction rate and other related neasures.

- There is no significant difference between normal nales
with normal voice and dysphonics to male in terns of

different paraneter.
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There is no significant difference between fenal es nornal
voi ce and dysphonic to fenale in terms of different

paranmeters.

There is no significant difference between fenales and
male with nor mal voi ce in terns of the different

par amet ers.

Limtati ons:

The study has been limted to 30 dysphonics and 60 nornal

subj ect s.

Only Iimted types of dysphonics have been studi ed.

The age range of the subjects were varied and not matched

bet ween the experinmental and the control group.

The degree and severity of dysphonia were not matched

across the subjects.



REVI EW OF LI TERATURE

Commmuni cation has |long been recognized as one of the
nost fundanental conponents of human behavior. The ability
of the human beings to use their vocal apparatus wth other
organs to express their feelings, to describe an event and to
establish comunication is unique to them Speech is a form
of |anguage that consists of sounds produced by utilizing the
flow of air fromthe lungs. "The act of speaking is a very
speci ali zed way of wusing the vocal mechanism The act of
singing is even nore so. Speaking or singing demand a
conbination or interaction of the mnmechanism of respiration,
phonation, resonance and speech articulation (Boone, 1983).
The underlying basis of speech is voice. The inportance of
voice in speech is very well depicted when one considers the
cases of |aryngectony or even voice disorders. Voi ce plays
t he nusical acconpaninment to speech, rendering it tuneful,
pl easi ng, audi ble and coherent, and is esential feature of
efficient communication by the spoken word (G eene, 1964).
Voice is the carrier of speech; variations in voice, in terns
of pitch and |oudness, provide rhythm and also break the
nmonotony. This function of voice draws attention when there

is a disorder of voice.
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The term voice has been defined differently by different
people. "The Random House Dictionary lists 25 primary and
secondary definitions of voice, the first of whichis, the
sound or sounds uttered through the nmouth of the human bei ngs

i n speaki ng, shouting, singing, etc.

M chel and Wendahl (1971), after reviewing various
definitions of voice define voice as the "the |[|aryngea
nodul ati ons of the pul nonary air stream which is then

further nodified by the configuration of the vocal tract.

Iwata and Von Leden (1968) has set the follow ng

requi renents to consider a voi ce as adequat e

=

The voice nust be appropriately | oud.

2. Pitch level nust be appropriate. The pitch | evel nust be
considered in terns of age and sex of the individual.

3. Voice quality nust be reasonably pleasant. This criterion
inplies the absence of such unpleasant qualities Ilike
hoar seness, breathiness and excessive nasality.

4. Flexibility must be adequate. Flexibility involves the

use of both pitch and |oudness inflection. An adequate

voi ce nust have sufficient flexibility to express a range
of differences in stress, enphasis and neaning. A voice

whi ch has good flexibility is expressive. Flexibility of



2.3

pitch and flexibility of | oudness are not easily
separable, rather they tend to vary together to a

consi der abl e extent.

It is apparent that a good voice is a distinct asset and
a poor voice, may be an handicap. |If a person's voice is
deficient enough in sone respect that it is not a reasonably
adequate vehicle for comunication, or if it is distracting

to the listener one can consider that as a disorder.

Moore (1977) considers a voice defect as -

1. Voices |acking adequate |oudness nmay be described as weak,

thin or asthenic.

2. Those lacking clearness of tone may be hoarse, husky or

stridorous.

3. The terms high, shrill, enunchoid or treble usually refer

to voices lacking pitch levels appropriate to the age and

sex of the person being studied.

4. Voices that lack vibrato are said to be hard, netallic or
flat, those that exhibit too nuch or an irregular or

uncontrolled vibrato are descri bed as trenorous and

pul si ed.
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5. Interms of inflection or its lack, a voice nmay show
exaggerated pitch changes or constantly recurring
inflection patterns, such as a falling inflection,
suggestive of fatigue, at the end of every phrase or again

it may have very little change of pitch and force in other

words, it i s nonotonous.

The crucial event essential for voice production is
vibration of the vocal folds. It changes DC air streamto AC
air stream converting aerodynamc energy into acoustica
energy. Fromthis point of view, the paraneters involved in

t he process of phonation can be divided into 3 najor groups.

1. The paranmeters which regulate the vibratory pattern

of the vocal folds.
2. The parameters which specify the vibratory pattern of
t he vocal folds.

3. The paraneters which specify the nature of sound

generated (Cotz, 1961).

Hirano (1981) has further elaborated on this, by stating
that, "The paraneters which regulate the vibratory pattern of
the vocal folds can be di vi ded into two gr oups

Physi ol ogi cal and Physi cal .
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The physiological factors are those related to the
activity of the respiratory, phonat ory and articulatory
nmuscl es. The physical factors include the expiratory force,

the condition of the vocal folds and the state of the vocal

tract.

The vibratory pattern of the vocal folds can be
described with respect to various paraneters including the
Fo, regularity or periodicity in successive vibrations,
synmetry between the two vocal folds, wuniformty in the
novenent of different points within each vocal fold, glottal

closure during vibration, contact area between the voca

folds and so on.

Fant (1960) consi ders t he fol | owi ng factors as

responsi ble for determ ning frequency of vibration of vocal

f ol ds.

1. Control of laryngeal nuscul ature affecting the tension and
mass distribution of the cords. Increase in tension and
smal | er mass increases fundanmental frequency.

2. Decrease in subglottal pressure decreases the fundanenta
frequency.

3. Increased degree of supraglottal constriction as in voiced

consonants reduces the pressure drop across the glottis,
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t hus reducing t he alternating positive and negative
pressure and thus the fundanental frequency reduces.

4. A shift 1in the tongue articulation towards a front
position results in an increased fundanental frequency due

to increased vocal fold tension.

The sounds produced by the vocal fold vibration do not
t hensel ves constitute the voice. It will be inaudible and
non- human in quality and consists of fundanental tone and
rich supply of over tones. Only when its partials are
resonated and intensified by the vocal tract, do they
constitute the human voice in terns of speech output nost of

the tinme.

Traditionally, air flow neasures, subglottal pressure,
maxi mum phonation, nean airflow rate, glottal resistance,
vocal efficiency had all been neasured (lssiki and Von Leden,
1964; Yanagi hara and Von Leden, 1967; Hirano, Koi ke and Von
Leden, 1968; lwata, Von Leden and WIllianms, 1972; Smth et
al. 1992; Holnberg, et al. 1994). These paraneters hel ps
in delineating the interaction of the respiratory system and
the laryngeal systemto produce a perfect nodulation of the
air streamat the glottis. This snooth flow of air is later

nodul ated by the upper airway dynam cs.
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There has been  studies regarding the subglotta
pressure, airflowrate etc. in normals and dysphonics in
vari ed pathol ogy |ike tunmour, paralysis, non-organic, contact
ul cer edema, etc. using varied instruments |ike spironeter
and pneunot achograph etc. (Isshiki and Von Leden, 1964;
| sshiki, et al. 1967, Hirano, et al. 1968; Yoshioka, et al.
1977; Shigenori, 1977).

The presence of a laryngeal disorder produces an airflow
wavef orm that shows an increase in turbul ence. Thi s
variation of airflow waveform is attributed to the |oss of
the vocal folds ability to sustain periodic vibration. Thus
the aerodynam c measures may be a cliniclaly useful tool for
anal yzing vocal dysfunction and nmay lead to a better

under stani dng of |aryngeal disorder.

Considering voice as a nultidinensional series of
measurabl e events, a single phonation can be assessed in
different ways. The following are the six aerodynamc

features the voice frequency taken up for study.

a) Peak flow

b) Vital capacity

c) Maxi num sustai ned phonation
d) Changing SPL
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e) Voice efficiency

f) Fast abduction adduction rate.

a) Peak flowrate (Ar Flow)

The inportance of airflow and breath control in voice
production has |ong been recognized (Kelman, Gardon, Sinpson
and Marton, 1975).

Breat hing, phonation and resonance, the three basic
processes, are inseparable phases of one  function-
vocal i zation or voice production. Fl etcher (1959) describes
it as "The DC flow of air is converted into AC sound pulses
by the moment of the vocal cords. In this way, they vibrate
alternately, opening and closing the glottis far very short
periods. Actually it is the air current from the lungs that
separates the vocal folds and opens the glottis a suction
t akes place which draws the vocal folds together again (known
as the Bernoul I'i effect). | medi ately the subglottic
pressure builds up again and forces the vocal folds apart and
the air streams out through the glottis. The vibratory
frequency in turn determnes the frequency of the air puffs
which are the primary source  of the sound. Thus the

frequency of the wvocal fold vibrations corresponds to the



2.9
fundanental frequency (pitch) of the |laryngeal sound, which
t hen generates higher harnonics (formants) as it passes
t hrough the supral aryngeal resonatory cavities. | ssi ki
(1969) noted in electrical simnulation experinent on dogs that
pitch increased by increasing air flow alone and that pitch
el evation was acconpani ed by i ncreasi ng subgl ot t al air
pressure (SAP) if air flow remained constant. Ladef oged and
McKi nney (1963) found fairly good correlation between SAP and

| ogarithmof the frequency of vibration of the vocal cords.

The intensity of voice is directly related to changes in
SAP and transglottal air pressure. H xon (1973) reported
that sound pressure level is governed mainly by the pressure
supplied to the Jlarynx by the respiratory punp. Theref ore,

air flowis inportant in changing pitch and to sone extent

intensity.
The respiratory system S mai nly concer ned with
supplying the energy for sound production. |Its disorders are

reflected as changes in the efficiency of the activator to
provi de satisfactory air suppor t for nor mal | aryngea
function, and is comonly acconpanied by an associ ated
organic |laryngeal dysfunction. Mean air flow rate has been
shown to be reliable indicator of air usage during phonation

(Yanagi hara, Koi ke and Von Leden, (1967). Mean air flowrate
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is also related to the regulation of pitch and intensity
(Issiki, 1965; Issiki and VonLeden, 1964; Yanagi hara and
Koi ke, 1967).

H gh lung volunme helps in sustaining the phonation for a
| onger duration. A constant pressure drop across the glottis
is required for a steady sound source, therefore, SAP
imediately rises and renains at a relatively constant |eve
t hr oughout phonation. Also a constant flow of air should be
mai ntained. For this | ungs must decr ease in si ze
continuously thus, it 1is necessary to start phonation at a
high lung volunme and end with a Iow lung volune (Barhays et

al. 1966).

| ssiki (1965) has reported that nean air flow of 100
cc/sec for nornal phonat i on in t he nodal regi ster.
Yanagi hara, Koi ke and von Leden (1966) have reported ranges
of 100 to 180cc/sec in normal males. In normal fermales, it
is lower reflecting the generally lower total |ung capacity

and intensity of voice production.

| ssi ki (1965) investigated the relationship between the
voice intensity (SPL), the SAP, the air flow rate and the

glottal resistance. Simultaneous recordings were nmade of
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SPL, SAP the flowrate and the volune of air utilized during
phonation. The glottal resi st ance, t he SAP and the
efficiency of the voice were calculate from the dat a.
Results indicated that on Ilow frequency phonation the flow
rate remai ned al nbost unchanged or even slightly decreased.
In contrast to this, the flow rate on high frequency
phonation was found to increase greatly while the glotta
resi stance remai ned al nost unchanged as the voice intensity

i ncreased.

On the basis of the data, it was concluded that at very
| ow pitches, the gl ottal resi stance was dom nant I n
controlling intensity, becomng |ess so as the pitch raised,
until at extrenely high pitch the intensity was controlled

alnost entirely by the flow rate.

MG one (1967) conducted a study to find out air flow
during vocal fry phonation. Five nales and five femal es who
were free of any voice disorders were required to sustain
vocal fry at three pitch levels (nodal falsetto, normal) at
an arbitrary standard. Recordings were nade and anal ysis of

air flow and acoustic signal of these phonations. The

results of the study says -
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- the fundanental frequency of vocal fry were lower than
t hose produced in the nodel registers.

- air flowrates were less than in either nodal falsetto or
nor mal phonati on.

- there was no coordination between changes in fundanmenta

frequency and change in air flow

Thus vital capacity (MO and nean air flow (NMAF) anong
ot her aerodynam c factors pl ay an I mpor t ant rol e in
determning the pitch, intensity and duration of phonation.

However, sone workers have indicated that MAF is determ ned

by the glottal resistance. The relationship between the
frequency and MAF is not vyet resolved i.e. whether the
glottal resistance determne the MNAF. Sone state that the
frequency is determned by t he interplay of these two

factors. However, it can be stated that the study of these

two paranmeters would help in wunderstanding the process of

voi ce production.

lwata, Von Leden and WIllianms (1972) reported higher
MAF's corresponding to hypotensive conditions of the |arynx
(e.g. laryngeal paralysis) and |ower MAFs corresponding to
hypertensive conditions (e.g. contact ulcers) confirm ng that

MAF indicates the over all laryngeal dysfunction especially
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t he degree of air flow fluctuations provi des usef ul

quantitative neasures of |aryngeal functions.

At ki nson (1978) has concluded that vocal intensity was
hi gher when there was a small glottal opening because, when
the valve was closed, the whole pressure of the breath was
acting upon the vocal folds and the sound was nore intense.
Wen it was open, the subglottal pressure escaped and the

intensity dimnished.

Lurry (1940) has stated that increases in air pressure
above the m nimal value necessary to initiate vibration at a
given frequency determne the anplitude of vibration and

hence the intensity of phonation.

Rubin (1963) concluded that vocal intensity may be
raised by increasing air flow wth constant vocal fold
resi stance, and/or by increasing vocal fold resistance wth

constant air flow

| ssiki (1964), Ptacek and Sander (1965) found that their
subj ects could sustain |oud, low frequency phonation than
noderate or |oud phonation as the vocal fold remain closed

for a greater proportion of vibratory cycle hence less air

escape.
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H xi on and Abbs (1980) opined that "sound pressure |evel
is governed nainly by t he pressure supplied by the
respiratory punp”. Therefore, the air flowis inportant in

changing pitch, to sone extent and intensity.

Kunze (1964) and Issiki (1964) have reported that the
flow rates of 100 <cc/sec for normal phonation in nodal
register. Jayarama (1975) reported the flow rate ranging
from 62.4 cc/sec to 275 cc/sec in normal males and 71.42
cc/sec in normal fenal es. Yanagi hara et al. (1966) have
reported ranges of 110 to 180cc/sec in normal nales and
females. Krishnanmurthy (1986) reported that the nean air
flowrate in case of nmales ranged from 67.5 cc/sec to 135
cc/sec. wth the nmean of 105.79 cc/sec and in females it

ranged from 62.5 cc/sec to 141.67 cc/sec with a nmean of

105.79 cc/ sec.

The inability to maintain flowrate at a normal |eve
was found to be significant factor in the production of
dysphonic voice. 79.5% of patients with nmechani cal dysphonia
showed a disorder of flowrate. Beckett (1971) found that in
dysphonics the nean flow rate varies from 20 cc/sec to 1000
cc/sec. The nean flow rate in nost cases of recurrent

| aryngeal nerve paralysis was greater than in normals. MR
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was a good indicator of the phonatory function in recurrent
| aryngeal nerve paralysis and it was used to nonitor the
treatment (Hrano, et al. 1968; Hirano, 1975; |Issiki, 1977;
Saito, 1977; Shigenori, 1977). In many cases wth nodul e
pol yp and Reinke's edema the value of MR exceeded the nornal
range but not nmarked as in cases wth recurrent |aryngea

nerve paral ysis.

Accordi ng to Ranmage, Peppar, Bless, (1991) there was a
strong rel ati onship between <chink size and air flow, but no
rel ati onship between nodule size and air flow  Resistance
and nodul e size were noderately correlated. Breathiness was

not explained by air flow, nodule size, or chink magnitude.

In cases with tunors of vocal fold the value of the MFR
varied frompatient to patient. |Issiki and von Leden (1964)
reported that in case of larger tunmor, MR always exceeded
the normal range. In trained voice, Perkins (1982) states
that, the size of the glottal opening through which air can

escape tends to inpede rather than enhance pressure decrease.

Nataraja (1986) found no significant difference in nean
airflow rate between normal fenales and normal nmales. The
studies of airflow and other aerodynam c characteristics have

proved invaluable in the diagnosis of voice di sorders.
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Various studies carried out using different factors on
clinical population differed from the normals in ternms of
aerodynam ¢ characteristics. So these can be included in
regular clinical evaluation of voice disorders to help the

clinician in the appraisal of the problem

b) Vital capacity

The neasurenent of vital capacity 1is inportant as it
provi des an estinate of the amount of air potentially
avai l able for the producti on of voice. The mechanica
functions of lungs as an air power supply for phonation was

tested through the neasurenment of both static and tined vital

capacity.

It is necessary to understand various aspects of

pul monary physi ol ogy described in terns of different vol unes.

"Air in the lung is divided into four primry vol unes
and four capacities (which overlap the volunmes) that are
altered in disease condition. The follow ng four volumes and
capacities are representational for a young adult nale given

by Conroe, Forster, Dubois, et al. 1962).
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1. The tidal volume (T1 = 600 cc) is the air noved in or out

under normal resting breathing conditions.

2. The inspiratory reserve volune (IRV = 3000 cc) is the
maxi mal anmount of air that can be inspired from the end

inspiratory position of quiet breathing.

3. The expiratory reserve volume (ERV = 1200 <cc) is the

maxi mal amount that can be expired fromthe end expiratory

| evel .
4. The residual volune (RC =1200 cc) is the amount that can
be which remains in the lung after maximal forced

expiration.

The vital capacity (MC = 4800 cc) is the maxi mum anount
of air which can be expelled after deep full inspiration.
The total lung capacity (TLC = 6000 cc) is the amount of air
in the lung after nmaxinmal inspiration. The tinmed vita

capacity (TVQ neasures the rate at which the air can be

enptied from the |ungs.

This measure of pulnonary function nmay also be termed
the forced expiratory vital capacity (FEVC and subdi vi ded

into volunmes per unit tinme. The forced expiratory volune
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in the first second exceeds the volunme exhaled in the second
in a series of progressive volune reductions through the
fifth (normal) to seventh (obstruction) second. The forced
expiratory volune in the third second (FEV:; exceeds the
volume in the first second FEV, because FEV; summates the air

vol ume exhaled in the first, second, and third seconds.

The mexi mal breathing capacity (MBO is the greatest
ventilatory volunme a person can sustain for 12 seconds.
Representative values are 150 |iters per mnute for nmen and
100 litres per mnutes for wonen (Hckam 1963). The
respiratory system has substantive reserve capacity as the
resting breathing rate is 12 breaths per m nute, noving only

7200 cc of air per mnute (Darby, 1981).

The armount of air available for individual for the

pur pose of voice phonation depends upon the vital capacity of

an i ndi vi dual .

According to Hrano (1981) "the aerodynam c aspects of
phonation is characterized by f our par aneters i.e.,
subgl ottal pressure, supraglottal pressure, glottal inpedance
and the volune velocity of the airflow at the glottis. The

val ues of these paraneters vary during one vibratory cycle in
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accordance to the opening and closing of the glottis. These
rapid variations in the values of aerodynamc paraneters
cannot usually be neasured in |Iiving humans because of

technical difficulties".

Vital capacity and nean airflow rates are w dely used
paranmeters as it is easier to nmeasure. These reflect (1) the
total volume of air available for phonation, thus indirectly
depicting the condition of the respiratory system (2) the
glottal area during the vibration of the vocal folds, in
terns of flow rate, which in turn wuld show the status and

functioning of |aryngeal system

Superior vital capacity was found in pr of essi ona
singers or athletes. But results of the study by Hicks and
Root (1960) and Sheela (1974) reported no significant

di fference between untrained and non-trained singers.

Yanagi hara and Koi ke (1967) relating VC to volune
i ndicated that the phonati on vol une and the ratio of
phonation volune to the vital capacity both decreases as the
subjective pitch level decrease. A correlation of 0.59 to
0.90 was reported I ndi cati ng hi gher flow rates wer e
associ ated wth shorter phonation durations or larger vital

capacities.
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Hi cks and Root (1960) studied lung volunme in different
position such as sitting, standing and found that volunme did

not vary significantly with the positions.

Koi ke and Hirano (1968) devised a neasure, which they
referred to as vocal velocity index. This termreferred to
the ratio of nean flow rate to the vital capacity. The mean
air flow rate during phonation (in cc/sec.) was obtained by
di viding the phonation volunme by the maxi mum phonation tine.
This index denonstrated no significant difference between
normal mal e and fenmal e subjects. Iwata and Von Leden (1970)
suggested from the results of their st udy that the
application of vocal velocity index as a wuseful objective

measure of the laryngeal efficiency.

Krishna and Vareed (1982) have studied 103 nmales, age
ranging from 18 to 29 years from south india to obtain vita
capacity standing weight and hei ght, body surface area,
sitting height and chest circunference. They have reported

that the average vital capacity to be low (2.93 litres).

Nag, Chatterjee and Dey (1982) have reported that the
lung function consistently declines wth age. Mal es have

shown hi gher values of vital capacity than females (Jain and
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Ramai ah, (1979); Jayarans, (1975); Nataraja and Rashm,
(1984); Krisnanurthy, (1986). Verma et al. (1982) report
that nmean vital capacity in Indians were significantly | ower

than in the western subjects.

Sheela (1974) reports that there was no significant
difference in VC between the trained and wuntrained singers
(both in males and females). The nmean vocal capacity val ues
for males and females in the age range of 19 to 54 years were
2686 cc. and 1574 cc. respectively Jayarama (1975) reports
that there was no significant difference between males of the
normal and dysphonic groups but a significant difference was
found between fermales of the normal and the dysphonics. Thus
t he nmeasurenent of vi t al capacity woul d hel p in

differentiating dysphonics from nornmals.

Reduced vital capacity indicates abnornmality in the
respiratory system and normal vital capacity with very high
or lownean air flow rate indicates abnornal | aryngea
function. Thus vital <capacity is an inportant measure to
i ndicate aberrations of the source hence included in routine

clinical investigations.
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c) Maxi mum sust ai ned phonati on

The ability to maximally sustain a vowel provides sone
obj ective neasures of the efficiency with which a speaker
utilizes the respiratory air. This measure gives a good
i ndi cation of the presence or absence of neuronuscul ar
disability and a conparative overal | status of voca
apparatus (CGould, 1975). Gould (1975) has reported that
increments in flow rate and volume in the presence of short
phonation duration suggest neuronuscular defects, such as

| aryngeal nerve paralysis.

Arnold (1959) has stated that this sinple test gives
i nformati on about the ef ficiency of pneunmophoni ¢ sound
generation in larynx, it also denobnstrates the general state
of the patients respiratory condi ti on. Modi fyi ng this
statemrent M chel and Wendale (1971) have stated that this
nmeasure can denonstrate the general status of respiratory co-
ordi nation of the patient but nore accurately indicates the

relative efficiency of pneunolaryngeal interaction.

Systematic research has been conducted to obtain
normative data on normal children and adults (Ptacek and

Sander, 1966; Yanagi hara et al., 1966; Yanagi hara and Koi ke,
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1967; Hirano, et al., 1971; Beckett et al., 1971, Ptacek et
al ., 1975; Fait and Hichel, 1977; Jayarama, 1975; Vanaja,
1986; Krisnanmurthy, 1986; Nataraja, 1986; Sudhir Bhanu, 1987;
Sal aj, 1994; Jotinder, 1994; Rajeev, 1995)and on children and
adults with laryngeal pathology (Sacuashim, 1966; Hirano et
al. 1968; Ptacek, et al., 1975; Jayaramm, 1975; Nataraj a,
1986) .

There is a lot of disparity anmong the clinicians about
the normative data as a nunber of variables affect MSPD
Ptacek and Sanders (1963) indicated that males could sustain
phonation |onger than femal es especially at |ower frequencies
and sound pressure |evels. However, they have found that
significant difference existed for frequencies and sound
pressure levels for mles but not for fenales i.e. the
frequency and sound pressure levels were significant for

mal es but not for the fenunles.

Lass and M chael (1969) contradict findings of the
study reportedby Ptacek and Sanders (1963) that there is a
tendency for MPD to increase as a function of sound pressure
| evel for low frequency phonations in both males and females

and for noderate frequency phonations in nales.
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Shashi kala (1979) mneasured MSPD at optinum frequency,
+/- 50 Hz, +/- 100 Hz and +/- 200 Hz and reported that
maxi num phonation tinme at optinmm frequency was |onger than

that at other frequencies, intensity being constant.

Yanagi hara et al. (1966) and Yanagi hara and Koi ke (1967)
have reported that phonation tinme was reduced at high pitches
for both nen and womnen. They neasured MSPD at three
different vocal pitch levels i.e., low nmedium and high.

MSPD al so depends on the anmount and the kind of training
an individual had and nunber of trails wused to obtain MSPD.
Lass and M chel (1969) have reported that the athletes
generally do better than non athletes and trained singers do

better than non-singers. \Wereas Sheela (1974) has reported

different findings. She found no significant relationship
bet ween phonation tinme and training. The phonation tine
range was 15-24 sec. in trained singer and 10-29 sec. in

untrai ned singers.

In nmost of the studies three trials have been consi dered
sufficient in assessing MSPD (Yanagi hara and von Leden, 1967,
Launer, 1971; Coonbs, 1976). Sanders (1963) neasured MSPD

wth 12 trials and reported no difference between the first
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and twelfth trial. Stone (1973) has observed that adults

denonstrated greater MSPD when 15 trials were used.

Lewi s, Casteel and MacMbhan (1982) have reported that it
was not until the fourteenth trial that fifty percent of
their subjects produced the nmaxi mum sustai ned phonati on
duration (MSPD) and not wuntil the twentieth trial, did al
their subjects produce MSPD. They believed that this finding

to be both statistically and clinically significant.

Sawashi ma (1966) has found no significant difference in
t he phonation duration in the sitting or standing position.
Many researchers have suggested that MSPD depends on hei ght
and wei ght of the individual (Arnold and Luchsinger, 1965;
M chel, 1971). However, Lew s, Cartwheel and MacMohan (1982)
have found no significant relationship between Iength of

phonation tinme and height or weight of the individual.

Yanagi hara and Koi ke (1967) have i ndi cated that

the phonation volunme (i.e. air volunme available for maximally

sust ai ned phonation) varied in proportion to the vita
capacity, and air avail able. This was related to sex,
hei ght, age and wei ght of the individuals. They have

concl uded that maxi num sustai ned phonation depends on the

total air capacity available for the voice production. The
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expiratory power and t he adjustnment of the larynx for

efficient use, that is glottal resistance.

Rashm (1985) has reported that MSPD of vowels increased
as a function of age in both males and females. She st udi ed
children ranging in age from 4-15 years. She reported that

MSPD of /i/ was greater followed by /u/ and finally /a/l.

MSPD has been found to be low in many pathol ogica
states of the larynx, especially in case wth inconpetent
glottal closure. Hrano (1961) has suggested t hat t he
maxi num phonation tine | ess than 10 seconds should be
consi dered abnor nal . Sawashima (1966) has considered the
phonation |ength below 15 seconds in adults nmale and bel ow 10
seconds in adult females as pathological. Nataraja (1986)
found that MPD was significantly lower in the dysphonic group
than in the normal group. Both the dysphonic nales and
femal es had al nbst sane duration of maxi mum phonati on.
Whereas the normal males showed a nmuch |onger phonation

duration than the normal fennl es.

Arnold (1955, 1958) enployed neasurenent of phonation
time routinely during phoniatric exam nation and has observed

that MSPD is frequently reduced to few seconds (3-7 seconds)
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in paralytic dysphoni a. Arnold (1958) has also indicated
that MSPD usually corresponds to the degree of dysphonia.
According to Shigenore (1977) in pathol ogical cases, abnornal
test findings were nore evident in ternms of the maximum
sust ai ned phonation duration, than the nean air flow rate or
phonation quotient. Jayaram (1975) has observed
significantly lower maxi mum sustain phonation duration in
dysphonic group than in nornmal group. He has reported a
significant difference between males and females in nornal
groups but not in dysphonic group. These results are simlar
to those reported by Coonbs (1976). Wiere no significant
di fference was observed with respect to the maxi mum phonation

duration between nales and fenmles with hoar seness.

Studies carried out by Krishnanmurthy (1986), Jotinder
(1994), Salaj (1994), Rajeev (1995), have shown in the
respective study significant difference between normal nales

and femal es in maxi mum phonation duration.

The findings that the short phonation tinme is associated
wi th | aryngeal pathology, can be inproved by treatnent, has
al so been shown by Von Leden (1967), who reported an
increase in phonation tinme from 1.33 sec to 14.79 sec. in one
case and from 3.91 sec. to 8.66 seconds in another case (both

had unilateral vocal fold paralysis) after infecting teflon
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paste into the affected fold. An increase in phonation
length from 4 seconds to nore than 20 seconds as a result of
teflon treatnent of unilateral vocal fold paralysis has been

denonstrated by Mchel et al., (1968).

Thus the review of literature indicates that the
measur enent of maxi num sustai ned phonation duration is usefu

in diagnosis and also in assessing treat nent of voice

di sor ders.

d) Changi ng Sound Pressure Level

Vocal intensity 1is dependent on an interaction of
subgl ottal pressure and t he adj ust nent st at us and
aerodynamcs at the level of vocal folds as well as vocal
tract status (Isshiki, 1964; 1965; 1969; Ber nt hal and
Beukel man, 1977; Rubin, LeCover and Vennard, 1967). The
range of intensities at which voice can be produced is a
measure of the limts of adjustnent of the phonatory, system
and, therefore has been proposed as a potentially inportant

nmeasure in the assessnent of vocal disorder (Mchel and

Wendahl, 1971).
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Gven the interaction of pressure and |aryngeal status
it is not surprising that maxi mum and m ni num vocal intensity
changes with fundanental frequency. Several studies have
confirmed the tendency of both to increase as Fo rises (Wlf
and Sette, 1935; Wl f, Stanley and Sette, 1935; Stout, 1938;
Col ton, 1973; and Col enan, Mabis and Hinson, 1977). Stone
and Krause (1980) have confirmed the effect on mninmum SPL
and have shown that the increase with Fo is roughly linear at
arate of 7.5 to about 12 dB/octave. It has also |ong been
recogni zed (Black, 1961) that speakers raise their Fo when

asked to speak with greater effort.

Col eman, Mabis and Hi nson (1977) tested young nen and
wonen at 10% intervals of their maxi num phonational frequency
range and SPL re: 0.0002 d/cnf was neasured at 6 inches from

the lips using a sound |evel neter.

Maxi mum m ni rum and range of vocal SPL (in dB re: 0.0002

d/ cnf) are shown bel ow :

Measur enent Men Wonen
Mean maxi mum SPL 117 113
Mean m ni num SPL 58 55
Mean SPL range 54.8 51

(at single Fo)
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It was also noticed that m ninum and maxi rum SPL do tend
to increase as Fo rises, SPL range is narrowed at the extrene
frequency levels. At the upper end of the range this may be
due atleast in part, to the use of the loft register in which
the intensity range is smaller than in the nodal register

(Colton, 1973).

Age seens to have a real, but not dramatic effect on the
maxi mum SPL of adults Ptacek, Sander, WMl oney and Jackson
(1966) had young and old adults shout /a/ as loudly as
possible for at Jleast 1 sec. at a self selected pitch.
Results indicated that maximum SPL falls off on the order of
6 dB (i.e. sound pressure drops by half) between young
adul thood and old age. Stone and Krause, (1980); Stone and
Ferch, (1982) have shown that subjects tended to conme within
3 dB of their original nean measurenents when retested after
1 day and after 13 days. The perceptual insignificance of
such a small difference is under scored by the fact that a
percei ved doubling of |oudness requires an intensity increase
on the order of 10 dB (Steinberg and Gardner, 1937). They
have concluded that testing of m ni rum vocal Intensity

constitutes a generally reliable procedure.

The Iimts of the vocal intensity range in pulse

regi ster have not been adequately explored. Murray and Brown
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(1971 a) provide some basis for initial and tentative
concusi ons. Five young nen and four wonmen were asked to
sustain pul se register phonation for atleast four sec. at 25,
50, and 75 percent levels of their pulse frequency range.
The nean SPL wused by the subjects was a bit nore than 50 dB
at the |lowest frequency and rising close to 60 dB at the
hi ghest frequency. The conclusion, confirmed by everyday
per ceptual experience, that pul se regi ster phonation 1is

produced at |ower intensity seens reasonable.

Danste (1970, Komiyama (1972) and Col eman et al., (1977)
have proposed a graphic representation of the fundanenta
frequency intensity profile. The graph was named as
phonet ogram by Danste and Phonogram by Kom yama, Rauhut, et
al ., (1979) proposed the term voice area for t he
representation of maximal and mnimal intensity of voice as

a function of pitch.

According to Col eman et al . (1977), the average
intensity range of phonation (in SPL re: 0.0002 dynes/cnf) at
a single fundanmental frequency is 34.8 dB for nales and 51 dB

for femal e subjects.
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Col eman and Mdtto (1978) found Ilower SPL ranges for
femal e children (10-13 years) than those of adult fenuales.
Further, they observed that the nusical range, in terns of
fundanental frequency and SPL is nore restricted, that is, it
lies within the boundaries of physiological range. The nean
physi ol ogi cal SPL range was found to be 59 dB, while the nean

nmusi cal SPL range was 58 dB.

Enmpirically, it is well known that the disorder of voca
intensity constitute one of the inportant conponents of voice
di sorder. However neasurenent of wvocal intensity, as a
clinical diagnostic tool has not proved as popular as that of
fundanental frequency in voice clinics. Nat ar aj a (1996)
stated that no si gni fi cant vari ations in intensity in
phonation with age in the age range of 16-45 years innales
and fermal es was seen. Nataraja (1986) found no significant
difference in small variations, in sustained phonation in

intensity in normal males and fenal es.

However, Watanebe et al ., (1977) reported two patients
with laryngeal polyps and |aryngeal cancer, who showed no
abnormalities in the routine study, but showed abnornmality
only on studying the vocal intensity. They, therefore,
stressed the inmportance of vocal intensity as a paraneter

i ndi cating vocal dysfunction.
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Darl ey, et al ., (1969) in a report on speech
characteristics of dysarthric patients, reported equal and
excess stress and nonol oudness as one of the characteristics.
In a spectrographic analysis of ataxic dysarthria, Nataraja
and Indira (1982) observed equal stress in the pathologic
subject, while variations in ternms of intensity on each

syll able were seen in the speech of the normal subject.

Thus, the review of literature indicates neasurenent of
changi ng sound pressure | evel is one of the inportant

paraneter in diagnosis of voice disorders.

e) Voice efficiency

Vocal functioning nmust be highly efficient which means
achi evenent of |oudness with m niml vocal effort. Van den
Berg (1956) uses the termglottal efficiency as the ratio of
total speech power radiated from the nmuth to subglottic
power. Hirano (1975) proposed the term |l aryngeal efficiency
i.e. ratio of acoustic power imedi ately above the glottis to
sub-glottic power. VWile reviewwng the efficiency of human
voi ce system Titze (1992) states that "as a phonation
machi ne, human body is very inefficient”. Measur es of

efficiency do not speak of issues of long-term health of the
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vocal system Short-term gains in energy conversation m ght

easily be obtained at the price of eventual injury or

di sorders".

Clinically the speech pathol ogist faces with the problem
of providing a voice which is efficient i.e. where there is
maxi mum physi o-acoustic econony wth mninum expenditure of
energy. At present there is no nethod which permts the
assessnent of voice to identify t he ef ficient voi ce
considering all the aspects of voice production. As Perkins
(1971) points out the vocal hygiene beconmes the nost vital
criterion. The hygienic criterion is related to the acoustic
criterion which sates that "the less the effort for acoustic
output the greater the vocal efficiency” (Perkins, 1971).
These criteria also enconpass the view that such a voice wll

be aesthetically acceptable too.

Van der Berg (1956) reported that the nean subglottic
pressure has a close relation to the intensity level in the
excised larynx. After that, many researchers have extracted
the subglottic pressure by various nethods, for exanple, by
i ndi rect neasurenent from esophageal pressure (Hroto, 1960),
direct neasurenent by the insertion of a needle punctured
into the trachea through the pretracheal skin (lsshiki, 1964,

1968), and extraction from a tracheostoma (Hroto, 1960).
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Koi ke and Perkins (1968) first directly extracted subglottic
pressure through the glottis by the wuse of a mniaturized
pressure transducer in a normal subject. Watanabe et al.,
(1978) also reported the application of a new neniature
pressure transducer for direct measurenment of subglottic

pressure during phonati on, | ar yngeal efficiency and

subglottic power are very closely related (Watanabe, 1978).

| wat a (1988) for his study, defined the radiated

acoustic power and obtained the sanme by follow ng equation.

Acoustic Power (erg/sec) = 80 x 10 (Byo-78

(20 cm di stance from the nouth to phone)

Were B,o is the sound pressure | evel in dB at the
m crophone. This equation was derived by nodi fying the
Fletcher's equation (1953) to fit +the condition of this
study. Subglottal power (erg/sec) represents the product of
subglottic pressure (dya/cnf) tinmes the air volune velocity
(cnf/ sec) through the glottis. Then, subglottic power was

obtained by the follow ng equation : -

Subglottic power (erg/sec) = subglottic pressure

(cm H,0) x air flowrate (cn?/sec) x 90



2. 36
Laryngeal resistance (a mean glottic flow resistance) cm
H,O/ 1/ sec) was enployed as a sinple ratio of nean subglottic

pressure c¢cm H20) to mean volume velocity (flow rate cn?/sec).

The results of Iwata (1988) study shows that the nean
val ue of subglottic pressure was 29.2 cm H20, and |[aryngeal
efficiency range from 0.002 x 10°% to 3.09 x 10* with a nean
value of 1.43 x 10* at the intensity variation between 57%
and 91.0 dB. Patients wth [laryngeal cancer had higher

val ues of subglottic pressure and |aryngeal resistance than

did normal subjects. Laryngeal efficiency varied wdely
according to the degree of cancer infiltration of the
glottis.

Titze (1984) tried to answer the following questions in

relation to glottal efficiency.

a) Wat is the relationships between glottal width and
radi ated acoustic power? |Is there an optinum glottal

wi dth to which the larynx can be tuned?

b) How much regul ation of power in (dB) can be achieved

by adjusting glottal w dth?

c) How does regulation of power by glottal wi dth conpare

with regulation by subglottal pressure?
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Titze (1989) has concluded that the acoustic power rises
monatonically with glottal wdth if the pressure is held
constant. The increase about 3 dB over 1 nmm increasing
glottal width, mainly because of the increased flow No
tuni ng phenonmen was observed to optim ze the acoustic power.

It was adjusted to an A scale weighting. However, a broad

maxi mum was observed. In other words, the glottis can be
adj usted for optinmm | oudness. It occurs when the voca
process are just touching or are slightly abducted. In rea

speech, where the vocal tract nodifies the glottal source

spectrum the perceived | oudness will also be weighted by the

| ocation of the formants.

In terns of the anobunt of |oudness regulation that can
be obtained by glottal width adjustnent it was concluded that
a 4-7 dB variation theoretically 1is possible over the range

of typical glottal widths in humans.

Wil e considering the vocal efficiency in human beings

Titze (1992) assunes t hat the human body was designed
strictly for nechanical output. Energy derived from food
consunption at an aver age rate of 2,000 Kcal / day.

Recogni zing that 1 <caloric 1is equivalent to 419 joules of

energy and 1 day is 86,40003 sec, a sinple division shows
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that energy input 1is at an average rate of approxinmately 100

joul es/sec, or 100 watts.

"“In phonation, glottal resistance Ilimts the flow to
less than a tenth of the value conputed for puffing. Typica
mean flows are 0.0001 - 0.0005 m?/s. In this range of flows,
the aerodynami c power is in the order of 1 watt, unless the

subglottic pressure is raised considerably above 20 cm H,0.

As a standard in voice science, it my be appropriate to
compute all speech and aerodynam c powers in deci bel s
relative to 1 watt, the approxi mate maxi mum raw aer odynam c
power in speech or song. We not e that this rmaximm

aerodynam c power is about 1% of the total netabolic power of

t he human body" (Titze, 1992).

The gl ottal power/efficiency may be deri ved from
intensity nmeasurenents on human subjects, or it can be
cal culated from basic principles of acoustic radiation of
sound from idealized source. Bot h approaches yield estinated
of 10* to 10?2 depending on the source strength (peak

flow), fundanental frequency and glottal wave shape.

Power transferred from the air stream to the vocal
folds approxi mately the product of the mean force against the

tissue and the nean velocity of the tissue.
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Pr = P, LTX
P, - mean glottal driving pressure.
L - glottal Iength.
T - vocal fold thickness.
X - mean velocity of the tissue in the lateral direction.

|f one assume that the nean driving pressure is on the
sane order of magnitude as the subglottic pressure (1 KPa, or
about 10 cm H,0) . LT is of the order of 1 cnf and X is on
the order of 1 nms (1 mmvibrational anplitude traversed in 1
ms, a quarter period of a chosen 250 Hz oscillation), then
the power to the vocal folds is estimated to be on the order
of a watt. This is an appreciable portion of previously

estimated maxi num aerodynanmi ¢ power (1.0 watt).

Pa = PsU = PsagU

Ps = nmean subglottic pressure
U = nmean glottal flow
ag = nean glottal area

Vis the mean air particle velocity. The driving power
of the vocal folds P and the power in the air stream Pa are
both proportional to a surface area and a velocity. For Pt,

the surface area is the nedial surface of the vocal folds.
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whereas for Pa the surface area is the glottal area. The
ratio LT/ag would typically be on the order of 1:10, nmaking
the two powers of conparable size. It is clear, of course,
that P nust always be less than Pa in order to maintain
energy bal ance and vocal fold oscil lation. The power
consunmed by the vocal folds can reduced by reducing the
tissue viscosity, that is by maintaining the vocal folds in a

hydrated state.

Anot her major consunmer of aerodynamc power is air
turbul ence at glottal exit. Jet formation in the ventricul ar
region causes a reduction in pressure wthout a concomtant
increase in air particle velocity (8-10). The separation of
the air stream from the vocal tract wall results in eddy
currents, which dessipates aerodynam c energy. Al t hough it
has been shown that this is a nmajor loss factor for steady
flow conditions, it is not clear that pulsatile flowis
subject to the sane degree of energy |oss. Thus it is
difficult to estimate the magnitude of the turbulent |osses

at this tine.

Finally viscous losses and wall vibration |osses occur
all along the vocal tract, as acoustic waves propagate along
the air way. These |osses contribute toward the bandw dth of
the formants, but are likely to be small in conparison wth

the two major glottal |osses discussed already.
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Due to the insufficient anmount of know edge about the
| osses to predict an upper limt of vocal efficiency. Titze
(1992) focused on sone of the problens and difficulties in
definition of vocal efficiency. One of the major problens
with the traditional glottal efficiency calculation is the
strong dependence of equation on fundanmental frequency (Fo).
The traditional efficiency cal cul ati ons are general ly
favouring high pitched vocal productions; even though they
may be forced or strained in relation to low pitched vocal

producti on.

Efficiency, in general terns is determned by the ratio
of sound power produced to the aerodynam c power desired from
the energy source. The sound power produced is related to
the sound pressure |evel neasured. Bless and Bakia (1992)

state that the concept of efficiency is grounded in the field

of machines. In that domain, its definition is relatively
simple and its utility is clear. Its applicability to voice
production is sonme what nore clouded, however, and issues of

vocal efficiency are less easily dealt with. According to
Fritzell (1992) the vocal efficiency is not synonynous wth
| aryngeal efficiency, tuning of the wvocal tract play an
inmportant role in determning the radiated acoustic power.

Acoustic |oading on any source can inprove its efficiency,
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and it is reasonabl e to assune t hat vocal tract
characteristics can be adjusted to optimze this effect.
| deal |y, efficiency neasure should take into account power
| osses in the | ar yngeal muscul at ure (antagoni stic
contraction) and in the chest wall system A major problem
then, is obtaining estimates of the conponents of the overal

efficiency.

Efficiency, in any case Is not sane as vocal
effectivity, which may be nore inportant from a clinica
perspective. Yet this is a paraneter difficult to define and
perhaps inpossible to quantify. Finally and perhaps of
par anount inportance to the issue of clinical application, is
the fact that neasurenment of efficiency do not speak to issue
of the long term health of the vocal system Short-term
gains in energy conversion mght easily be obtained at the
price of eventual injury or disorder. Thus, great caution is

advi sabl e.

Titze (1992) has recommended the following for the

measur enent of vocal efficiency.

1. Because oscillator efficiency is directly proportional to
the square of the oscillation, frequency neasurenent nust
be taken at several rationally selected and reproduction

relative frequency | evels.
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2. Wthin a restricted range, efficiency also tends to
increase with intensity. Hence, standardization of test

intensity level is also inportant.

3. Because efficiency mght change in neaningful ways as a
function of speech task duration, it wll be useful to
devel op test procedures that are equivalent of tread mll
tests, with nultiple determ nation of efficiency taken as

the test procedure.

Tanaka and Gould (1985) reports neasures of efficiency
for a nunber of patients with voice disorders. The relative
contribution of nmean air flow and intra pulnonic pressure to
the variation of efficiency wer e expl ored to explain
aer odynam ¢ aspects of voice disorders. The intra-pul nonic
pressure was non-invasively obtained by plethysnographic and

pneunot achogr aphi ¢ met hods.

The results I ndi cat ed significantly abnor mal | ow
efficiency in vocal nodules, polyps, edemn, paralysis and
cancer, i.e. less effective conversion of input aerodynam c

power to output sound power takes place.

In accordance wth the results the investigators have
suggest edaaer odynani c bi onmechani cal cl assifi cati onof vocal

fold lesion type associated with low vocal efficiency.
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1. Large Chinck of glottis low efficiency of vocal
production with high flow rate, as in recurrent nerve

paralysis with a glottal chink.

2. Mass on vocal folds : low efficiency with high values of
both flow rate and pressure, as in large hypertropic

| esions on the vocal fold.

3. High stiffness of vocal fold low efficiency with high
intra intrapul nonic pressure, as in glottal cancer wth

limted nmovement of a vocal fold.

f) Fast abduction adduction rate.

The adductor - abductor rate is the maxinumrate at
which the patient can start and stop voicing. The rate is
measured as novenent/sec or in Hz. The rate can be neasured
in voiced or voiceless production where in the values my
differ. This is an excellent tool for evaluating glottal,
velar or lip novenent. As this nmeasures the rate of novenent
per second which is simlar to the fundanmental frequency of

the vocal fold if the neasure is voiced.
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Pitch is the psychophysical correlate of fundanental
frequency. Although pitch is often defined in terns of pure
tones, it is <clear that noises and other aperiodic sounds,
have nore or less definite pitches. Enrickson (1959) is the
opinion that the vocal cords are the ultimte determ ners of
the pitch and that the sane general structures of the cords

seem to determ ne the range of frequencies that are produced.

The factors determning the frequency of vibration of
any vibrator are mass, length and tension of the vibrator.
Thus mass, length and tension of the vocal cords determ ne
t he fundanental frequency of voice. " .... both quality and
| oudness of voice are mainly dependent wupon the frequency of
vi bration. Hence it seens apparent that frequency 1is an

i mportant paranmeter of voice (Anderson, 1961).

There are various objective nethods to deternmi ne the
fundanental frequency of the vocal cords. St r oboscopi c
procedure, high speed cinematography, el ectrogl ottography,
ul trasonic recordings stoboscopic | am nogr aphy (STROL) ,
Cepstrum Pitch determner, Digipitch, The 3M Plastiform
magneti c tape viewer, spectrogrphy, High resolution signa
anal yser, Frequency Meter, Visi Pitch, Vocal 1|1, Conputer

with speech interface unit and software are few of them
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The changes in voice with age and within the speech of
an individual have been the subject of interest to speech
scientists. Fairbank (1940, 1949), Curry (1940), Snidecar
(1943), Hanky (1949), Mysak (1950), Sanuel (1973), Usha
Abraham (1978), Gopal (1980) and Kushal Raj (1983).

Voi ce of a new born has been found to be around 400 Hz
(G otzmann and Pl at eau, 1905; Indira, 1982). The fundanenta
frequency drops slightly during the first three weeks or so,
but then increase until about the fourth nonth of life, after

which it stabilizes over a period of five nonths.

The aging trend for mles wth respect to the nean
fundanental frequency is one of a progressive |owering of
pitch level from infancy through mddle age followed by a

progressive raise in the old age (Msak, 1966).

However, anong females the nean fundanental frequency

levels of the 7 and 8 vyear olds were the highest. A
progressive |owering of fundanmental frequency |evel is then
seen till the age of 55 wyears. In young adult female, no

significant change is seen from young adulthood to the aged
group which is in <contrast to the male population (Msak,

1966) .
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Studies on Indian popul ation have shown that, in males,
the lowering in Fo is gradual till the age of 10 years, after
which there is a sudden nmarked Ilowering in the Fo, which is

attributed to the changes in vocal apparatus at puberty.

In case of females a gradual lowering of Fo is seen
(CGeorge, 1973; Usha, 1979; Gopal, 1980; Kushal Raj, 1983).
average Fo decreases with increasing age until adulthood for
both mal es and femal es. The average drop in Fo in females is
roughly 75 Hz (from about 270-300 Hz to about 200-225 Hz)
from prepubescence to adul t hood. For males the drop over the
sane period is likely to be about 150 Hz (275-300 Hz to 100-
150 Hz) about 100 Hz of which may occur abruptly as a result
of adol escent voice break (Curry, 1940; Fairbanks, 1940).

The vocal Fo is reflective of the bionmechanical
characteristic of the vocal folds as they interact wth
subgl ottal pressure. The bi omechani cal properties are
determ ned by l|aryngeal structure and applied nuscle forces
(Baken, 1986). The inportance of subglottic pressure change
in the regulation of vocal Fo has been the subject of sone
debate (Ladefoged and McKi nney, 1963; Liberman, Knudson and
Mead, 1969) but it is not generally held to be a mjor
contributor in normal speakers (H xon, Klatt and Mead, 1971,

Shi pp, Doherty and Miini ssey, 1979).
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Deformty in the laryngeal structures and deficits in
the applied nuscle forces their results the vocal pathologies
|ike the vocal polyps, vocal noodules, paralysis of voca
cords etc. The st udy of Fo has i nportant clinica
inplications. Cooper (1974) has used spectrographic anal ysis
as a clinical tool to describe and conpare the Fo and

hoar seness in dysphonic patients before and after voca

rehabilitation

Jayaram (1975) found a significant di fference in
habi tual frequency neasures between normals and dysphonics.
Shantha (1973) in a study conpared the habitual frequency
measures between normals and dysphonics and found significant
results. A study was conducted by Asthana (1977) to find the
effect of frequency and intensity variation on the degree of
nasality in cleft palate speaker. The results of the study
showed that the cleft palate speakers had significantly |ess
nasality at higher pitch |levels than the habitual pitch. But
the degree of perceived nasality did not change significantly

when habitual pitch was | owered.

The rehabilitation of voice disorders are based on the
assunption that each individual has an optinmm pitch at which

the voice will be of a good quality and wll be of a good
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quality and will have nmaxinmum intensity at |east expense of
energy (Nataraja and Jayaram  1982). Most of the therapies
aimto alter the habitual pitch level of the patients or nake
the patient to use his optimmpitch (Cowan, 1936). Vst et
al ., 1957; Anderson, 1961; Van Riper and Irwin, 1966). It is
t herefore apparent that the neasurenent of the Fo of voice
has inportant applications in bot h t he di agnosis and
treatnment of voice di sorders and al so refl ect t he

neur onuscul ar devel opnment in children (Kent, 1976).

Until the di mensi ons of vocal production can be
quantified satisfactorily clinical nanagenent of voice wll
remain as it has been and is, an artistic endeavour
disjointed fromscientific studies of voice (Perkins, 1983).
The first step in t he st udy of voice nust be the
determ nation of pertinent, neasurable parameters. Pertinent
in that the changes in these vari abl es will have a
perceptible effect and neasurable in order to quantify and

correlate the changes wth the effects (Mchael and Wendahl

1971).

Many have suggested various neans of analyzing voice to
note that factors that are responsible for creating an
i npression of a particul ar voice and to determne the

underlying nechanism (Mchael and Wendahl, 1971; Perkins,
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1971; Jayaram 1975; Enerick and Halten, 1979; Imazum , HiKi
Hi rano and Hal sushita, 1980; Hanson and Laver, 1981; Hirano,

1981; Kel nen, 1981; Kim Kakit and Hirano, 1982).

Several nethods have been used by di fferent
investigators, indifferent combinations. Sonetines only one
or two of them have been wused for evaluation of voice.
However, as Hirano (1981) has pointed out there is no
agreenent regarding the findings and also the terns used.
Further, there are no extensive studies on analysis of voice
paranmeter in normal; supra-normal and abnormal in Indian
popul ati on except for an attenpt by Jayaram (1975) and
Nat araja (1986) which provi ded prelimnary i nformation
regardi ng the voice disorders. However, there have been no
attenpts of acoustic, spectral aerodynam c and | aryngographic
paraneters therefore, it has been considered that it wll be
useful to find out the paranmeters which contribute for the

"efficient voice" production.

Thus the review of literature regar di ng di fferent
aerodynam c paraneters |ike peakflow, vital capacity, maxinum
sust ai ned phonation, changing sound pressure |evel, voca
efficiency and fast abduction/addution rate have been found

to be useful in the diagnosis and differential diagnosis of
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voi ce disorders. There are studies of aerodynam c paramaters

in normals on Indian subjects. The aim of the present study
is to establish normative data in normals and to find
di fferences anong the normals and dysphonics in terns of the

aerodynam c paraneters on Indian subjects.



METHCDOLOGY

The purpose of the study was to examne the relationship
bet ween various aerodynamc paraneters of voice and voice
di sorders. The following aerodynamc par anet er s Wer e
neasured to establish the normative range of the voice and to
differenti ate between nornal and  abnor nal voi ce  using

Aerophone 11 (devel oped and narketed by Kay El ectronics).

1. Peak flow As it can be seen from
Maxi mum peak fl ow list, certain mneasures
Vol une are r epeat ed when a
Dur ati on particul ar par anet er

IS neasure, say for eg.

2. Vital capacity peakfl ow the Aerophone-
Maxi mum flow rate I, the -equipnment to be
Dur ati on used for the Btudy also

provi des ot her i nforna-

3. Maxi num sustai ned phonation tion like volune and
Maxi mum fl ow rate duration i.e., volune of
Vol urre air t hat has expired
Phonati on quoti ent while neasuring the peak
Mean air flow rate flow and al so duration
Mean SPL for which the peak flow
8PL range nmeasur enent has been done.

4. Changi ng SPL Thus there are repetition
Maxi mum flow rate of sane paraneters, however
Vol une t hey need not be considered
Phonatory tine sane, peakflow under (1)
Mean air flow rate peakfl ow and (V) vocal
Maxi mum SPL efficiency are different,
Mean SPL as they have been collected
M ni num SPL under different conditions
Maxi mum SPL range and instructions.

5. Vocal efficiency
Peak fl ow
Vol une
Dur ati on

Phonation flow rate
Phonati on nean SPL
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Pressure
Power
Efficiency
Resi st ance
6. Fast abducti on/adduction rate
Maxi mum flow rate
Vol une
Abducti on/ adduction rate

Durati on
Mean air flowrate

SUBJECTS

A group of thirty normal subjects which forned the
control group (15 nales and 15 fenmales) in the age range of
17-25 years were considered for the study. The subjects of
this group had no apparent speech, hearing or ENT probl em and

wer e consi dered nornal s.

The second group consisted of dysphonics who visited
the AIl India Institute of Speech and Hearing, Msore, wth
the conplaint of voice problem and fornmed the experinenta
group. Those who had been diagnosed as cases of voice
di sorders after the routine otorhinolaryngol ogical, speech
psychol ogi cal and audi ol ogi cal evaluation were included as

subjects of this group.
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Age range No. of subj ect s
Mal e 18- 22 30
Nor mal s
Femal e 18- 22 30
Mal e 19- 68 15
sphoni cs
ysp Fenal e 18- 58 15
EQU PMVENT
Aerophone Il (Voice function anal yzer) [Kay el ectronics,

F.J.E ectronics, HIebium 21 DK-2950, Vedback, Denmark] is a
new equi pnent devel oped to neasure aerodynam c paraneter. It

will be used for the present study.

Airflow measurenents are based on the pneunotachograph
found in Aerophone 1I1. Sinply stated, this involves a
pressure gradient across a known resistance. |If a veryfine
screen, or wire gauze, is introduced into a streamof air,it
will act asa resistnce that is related to the velocity of the
air and to its viscosity. |If the air flowis lamnar, the
relationship will be linear. Penunot achogr aphy basical |y
nmeasures this pressure drop in order to determne the anount

of air flow ng across the resistance.
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CALI BRATI ON

Aerophone Il  (Voice function analyzer) was calibrated
according to the standards specified in the manual prior to

and during the study. (Details are provided in Appendi x).

TEST ENVI RONMVENT

The equi pnment was installed in one of the sound treated
room of the Speech Sciences Laboratory, Departnment of Speech
Science, Al India Institute of Speech and Hearing, Msore,
where the noise level was mninmum and did not intervene with

the testing and recording.

TEST PARAMETERS

The following paraneters were nmeasured in the present
study. They were peak fl ow, vital capacity, maxi mum
sust ai ned phonati on, changing SPL, vocal efficiency and fast
abduction/ adduction rate. The conputer neasured under peak
flow the volume and the duration of the flow Under vital
capacity the maximum flow rate and the duration were also
nmeasured by the conmput er. Maxi mrum  sustained phonation
included the maximum flow rate vol unme of air phonated

phonation quotient, nean air flowrate, nean SPL, and SPL
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range. The subtest changing SPL neasured the maxi mnum fl ow
rate of phonation volunme of air excelled the phonatory tine,
mean air flow rate, maximum SPL, nean SPL, mninum SPL and
t he maxi num SPL range. The paraneter vocal efficiency
i ncl uded, the peak flow, volune, duration of the utterance,
phonation flow rate, phonation nean SPL, peak pressure,
phonat ory power, phonatory efficiency, and phonat ory
resistance. The paraneter fast abducti on/ adducti on rate

i ncl uded nmaxi mum fl ow rate vol une, duration, and the nean air

flow rate.

TEST PROCEDURE

Each subject was nade to sit confortably on a chair and
t hen neasurenments was carried out. The instructions were
given verbally and any doubts bythe subjects were clarified
the experinenter, if necessarydenonstrations were given. The

foll owi ng procedure was used to neasure the paraneters.

EXPERI MENT-1 PEAK FLOW

Step-1 : Following the instructions given in the manual, the

settings were made in progranme and were Kkept

constant for all subjects.
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FIl ow head used was F1000LS with the pressure setting

of 5.0 I/s.
Step-2 : The follow ng instructions were given to the
subject. "Take a deep breath and then hold the mask

like this over nmouth and nose (denonstartion) exhale
as fast and abrupt as possible in order to obtain
the maxinmum flow. You will repeat this 3 tines.
Try your best". Denonstration was al so provi ded and
whenever the subj ects had doubt s t hey wer e

clarified.

Step-3 : The subject was made to exhale fast and abruptly.
Wien the nmask was held over the face covering the
nmout h and the nose, care was taken that there was no

air | eakage through the mask during the neasurenent.

Three trials were given for each subject. The highest score

was considered the peak flow for the subject.

EXPERI MENT-2 : VITAL CAPACI TY

Step-1 : The settings were made in the program as per the
instructions given in the manual and was kept

constant for all the subjects.
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Step-3
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Fl ow head F1000LS was used with the pressure setting
of 5.00 |/s.

The instructions given to the subjects were as

fol | ows

"Take a deep breath. Hold this mask over your nouth
and nose like this (denonstration), and exhale as
much as and as long as possible, start as soon as |
say now'. Whenever necessary instructions were

repeated and al so denonstrations were made.

When the mask was held over the face covering the
mout h and nose care was taken that there wll be no

air | eakage t hr ough the mask wused during the

measur enent .

The subject exhaled into the mask and the data was stored in

the conputer. Each subject was given three trials and the

hi ghest

subj ect.

val ue was considered the vital capacity for that

Thus vital capacity was neasured for all the

subj ects of both the groups.
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EXPERI MENT- 3 MAXI MUM SUSTAI' N DURATI ON

Step-1

Step-2

The followi ng settings were made in the programe as
per the instructions given in the manual which were

kept constant for all the subjects.

FI ow head F1000LS was used with the pressure setting

of 500 I/s.

Pitch level was set to 256 Hz for fermales and 128 Hz
for males. The intensity range of 75-85 dB for
bot h mal es and f emal es. The pr ogr anme had
facilities to pr oduce a pure tone at desired
frequency (128, 256 Hz) and also to show the
intensity level in real time as one phonates or
speaks into the m crophone which was fixed into the
mask of the aerophone. This facility was used to
provide cues to the subject in order to nonitor the

frequency and intensity of the phonation or speech.

The follow ng instructions were given to the subject
"Now you are going to hear a tone produced by the
computer. Please take a deep breath and try to
produce a matching the tone and also try to maintain

t he | oudness. You can use this |evel i ndi cat or
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(Conputer nmonitor) to maintain a |loudness. Try to
say "a" as long as possible, with this nask covering

your nmouth and nose like this (denonstration).

Step-3 Simlar to earlier experinents the subjects was nade
to phonate into the mask (after placing it over the
face covering the nmouth and nose) taking care that
no air |eakage occurs.

The conput er stores the data. Thus data for the

subjects were collected, three tinmes each the nmaxi mum was

consi dered the maxi mum phonation tine.

EXPERI MENT- 4 CHANG NG SPL

Step-1

Step-2

The setting were simlar to the setting for maxinmm
sustain duration.

Pitch level was set to 256 Hz for fenmales and 128 Hz
for males. The intensity range of 75-85 dB for both

mal es and femal es.

The followng instructions were given to the
subject. "Now you are going to hear a tone produced

by the conputer. Please take a deep breath and try
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to produce 'a' fromthe normal |oudness level to the
hi ghest |oudness |evel ©possible. Try to vary only
the | oudness and keep the pitch constant. This nas
will be placed over your nouth and nose Ilike this

when you are saying /al/ (denonstration).

Step-3 : Simlar to earlier experinments the mask (after
placing it over the face covering the nouth and

nose, taking care that no air |eakage occurs.

As the subject phonates the conputer stores the data.

Thus data for the subjects were collected three tines each.

EXPERI MENT- 5 VOCAL EFFI CI ENCY

Step-1 : To assess the vocal efficiency it was necessary to
neasure the supraglottal and the subglottal air
pressures. As the equipnent is capable of neasuring
pressures, this experinment was designed to neasure
the subglottal pressure by asking the subject to
utter /ipi/. As /p/ is an unvoiced sound, the vocal
folds would be in abducted position and thus the
pressure throughout the vocal tract would be sane at

that particular nonent. The pressure variations
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during, phonatory and non-phonatory conditions i.e.

[il Ipl il were to be neasured by placing a

speci ally nmade smal | rubber tube (whi ch was
connected to t he pressure t ransducer of
pneunot achogr aph of the aerophone) in the ora
cavity.

The following instructions were gi ven to the
subject. Now this tube (pointing to the tube) wll
be placed into your nouth wth mask over your nouth
and nose like this (denonstration). Please see that
this tube is in between your cheek and teeth and see
that you do not bite it at any tine. And then say
[ipi, ipi/ using your confortable voice as |long as

you can" this was foll owed by denonstration.

The tube was placed into the nouth of the subject
and the subject wuttered /ipi/ /[/ipi/ as long as
possible at confortable pitch and |oudness. The
data was recorded and stored in the conputer. Three
trials were provided to each subject. Wenever the
per f or mance was not satisfactory necessary
instructions denonstration were repeated to obtain

data for each subject.
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EXPERI MENT-6 FAST ABDUCTI ON- ADDUCTI ON RATE
Step-1 : The abduction/adduction rate is the maxi numrate at
whi ch the patient can start and stop voicing. This

nmeasure evaluates glottal novenents.

Step-2 : The subject is instructed to say [ah ah ah ah] as

fast as possible after taking in deep breath. In
t he present experi nment voi ced production were
recorded.

Step-3 : The instructions and denonstration were given
initially and the patients were given chance to
practice the production of [ah ah ah] then as done
in the earlier recordings the mask was held tight
over the face and the experinent was conducted.
Whenever the performance was not satisfactory which
could be made out by the display on the conputer
screen then further trials were taken after repeated

instructions and denpnstrati on.

The conputer recorded the neasurenents an stored in the
data file for further analysis. Three trials for each

subj ect were provided.
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Thus all the subjects underwent all the six experinents
and data was collected for each subject. The data coll ected
and stored in the conputer for each subject under each
experiment was retrieved on the nonitor and with the help of
two cursors the satisfactory i.e. the data which had net the
requi renents of |[evel (portion of the data) was marked and

then the conputer <calculated the values and displayed the

data (print out is given).

ANALYSI' S PROCEDURE

'"T" test was used to anal yze the data of each neasure to
verify the hypothesis. Measurenents on three subjects were
repeated in order to check the reliability. The results are

presented in the follow ng chapter.
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RESULTS AND DI SCUSS| ON

The dysphonic group as a whole has been conpared with
normal group on different paraneters. The dysphonic group
were conpared anong thenself i.e., dysphonic mal es and
dysphonic fermales and later were conpared wth the norma
mal es and normal females. The results are discussed in the

foll ow ng paragraphs.

Peak flow :

Peak air flow is defined as the highest volunme of flow

per second of expiration attainable by a patient.

Study of Table-1 shows that peak flow and vol une were
low in dysphonics than normals and the duration of the
expiration was nearly equal. The mean val ue of peak flow and
volume were 4.77 |/s and 1.71 cc with the standard devi ations
of 0.69 and 0.44 in nornmals and they were 4.39 |I/s and 1.34
cc with the standard devi ati ons of 0.86 and 0.61 in
dysphonic. Further statistical analysis using 't' test (SPSS
statistical software package) showed that there was a
significant difference between nornmals and dysphonics in
terms of peak flow and volune. Thus rejecting the hypothesis

stating that there is no significant difference between the
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dysphonics and normals in terns of peakflow and vol une at

0.05 | evel .

Table-1 : Table showing Peakflow in normal and dysphonics
both males and fenal es

Mean SD M ni mum Maxi mum
N D N D N D N D

Peak flow 4.77 4.39 0.69 0.86 1.53 2.56 4.96 4.96
Vol une 1.71 1.34 0.44 0.61 0.96 0.31 3.06 2.94
Dur ati on 0.83 0.8 0.24 1.42 0.44 0.52 1.73 1.56

N = Nor mal ; D = Dysphoni cs

Study of Table Il shows the peak flow and volune for
both normal and dysphonic nmale and fenmale population. The
exam nation of the Table Il and Gaph |1l reveal that nornma
mal es had higher peak flow and volunme than normal fenales
i.e. a nmean of 4.96 and 1.79 in normal males when conpared to
4.59 and 1.63 in normal fenl aes respectively. The dysphonic
mal es had higher peak flow than their fermale counterparts
i.e. a nmean of 4.52 in males as conpared to 4.32 in fenal es.
The SD was nore higher in dysphonic nmales followed by nornma
females. The volume of air flow was found to be higher in
dysphonic females than dysphonic mal es. On statistical
analysis using 't' test it was found that t here was
significant differences between all the groups i.e., between

normal males and normal females and dysphonic nmales and
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dysphonic females in terns of peakflow and volume. Thus the
results of this experinent reject the null hypothesis stating
that there is no significant difference between the dysphonic

mal es and dysphonic fenmales in terns of volune of air flow at

0.05 | evel.

The results al so i ndicated significant di fference
bet ween normal males and dysphonic males rejecting the nul
hypot hesis stating that there is no significant difference
bet ween nornmal mal es and dyusphonic males in terns of peak
flow There was no significant difference found between
normal femal es and dysphonic females in ternms of peak flow
accepting the null hypothesis stating that there is no
significant difference between normal fenales and dysphonic

females at 0.05 |evel.

The volunme of air expired was found to have significant
di fference between normal nales and dysphonic males, and
normal fenmales and dysphonic fenales. Thus rejecting the
hypot heses that there are no significant difference between
the normal mal es and dysphonic nales and nornmal fenmales and

dysphonic females in ternms of volune at 0.05 |evel.
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Tabl e-11: Tabl e showi ng Peakflow in females and mal es.
Mean 8D M ni mum Maxi mum
N D N D N D N D
M 4.96 452 O 1.38 4.96 2.29 4.96 7.56
Peak fl ow
F 459 438 0.95 0.8 1.53 2.56 4.96 4.96
M 1.79 0.91 0.54 0.73 0.96 0.10 3.06 2.38
Vol une
F 1.63 1.25 0.30 0.55 1.04 0.38 2.22 2.38
M 0.73 2.38 0.22 2.82 0.44 0.60 1.20 8.90
Dur ati on
F 0.93 0.77 0.68 0.24 0.68 0.52 1.73 1.24
The results indicates that the wuniform airflow or

variations in airflow as required for speech are disturbed in
dysphonics as this would depend on delicate and finer co-

ordination of the Ilaryngeal and the respiratory system

The changes in the |aryngeal system (thickening of vocal
fol ds, vocal polyp, vocal nodule) and/or respiratory system
(pul monary tissue inflamation) would disrupt the coordinate
between the laryngeal and respiratory system |leading to
reduced peak flow and volume as in the case of dysphonics.
Thus indicating the inability of dysphonics to contro

airflow and therefore the voice production.
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Durational study indicated |longer duration in nornal
femal es than normal males and dysphonic nal es having |onger
duration than dysphonic females i.e. a nean of 0.73 second
and 2.38 seconds in normal and dysphonic nmales and 0.93
seconds and 0.77 seconds in normal and dysphonic fenales
respectively. The deviation from standard was nmaximum in
dysphonic males in terns of duration. The above nenti oned
difference was statistically significant. Thus the nul
hypot heses stating that there is no significant difference in
terns of duration between normal nmales and femal es; dysphonic
mal es and females; normal nmales and dysphonic nales; and
normal fenales and dysphonic females stated wearlier are

rejected at 0.05 | evel.

The study of duration I ndi cat ed a significant
di fferences between the normal nmales and dysphonic nales
and normal fenales and dysphoni c femal es rejecting
the null hypothesis stating that there is no significant
di fference between nornal mal es and dysphoni c mal es

and normal fenales and dysphonic females at 0.05 |evel.

Vital Capacity

It is the mximm volunme of air which can be exhal ed

foll owi ng deep inhalation by an individual.
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Study of Table 11l shows that vital capacity was greater
for normals than in dysphonics. The nean vital capacity was
2.93 liters with standard deviation of 0.68 in normals. It
was 2.07 with a standard deviation of 0.74 in dysphonics.
The statistical analysis revealed a significant difference
between the two groups, thus rejecting the null hypothesis
stating that there is no significant difference bet ween
normal s and dysphonics in terns of vital capacity at 0.05
level. Maximum flow rate and duration of the expiration was
studi ed under this subtest. It was seen t hat greater
duration to expire was taken by dysphonics i.e. 2.46 sec. in
normals and 4.96 sec. in dysphohic with standard devi ati on of
0.95 and 1.96 respectively. The dysphonics had greater
deviation than normals on these neasures. The durational
differences were statistically significant at 0.05 |evel.
Thus the null hypothesis stating that there is no significant
di fference between normals and dysphonics in terns of nean

flow rate and duration was rejected at 0.05 |evel.

Table-111 : Table showing Vital capacity (liters) in normals
and dysphoni cs
Mean SD M ni mum Maxi mum
N D N D N D N D

Max.flow rate 3.60 3.06 1.24 1.42 1.38 0.98 4.96 4.96
Vital capaicty 2.93 2.07 0.68 0.74 1.82 0.66 4.42 3.93
Durati on 2.46 4.97 0.95 1.96 1.08 1.04 520 4.00
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Study of Table [V revealed higher vital capacity in

normal males than normal fenal es, i.e. 3.22 liters and
2.64 liters in mal es and females respectively. Vita
capacity was |ess in dysphonic males than in dysphonic
females i.e., 1.76 liters and 1.99 |liters in mles and

femal es respectively. Wen 't' test was admnistered it
showed statistical significance for both the groups i.e.
between normal nmales and normal fenmales and dysphonic nal es
and dysphonic fermales. Thus the null hypothesis stating that

there is no significant difference between normal nmales and
normal fenmal es and dysphonics nmal es and dysphonic fenal es was
rejected at 0.05 level 1in ternms of vital capacity. Mxinmm
flow rate and duration were greater in norrmal males than in
normal females and also in dysphonic males than in dysphonics
females as seen in Table IV. The difference between nornal

mal es and nor nal femal es; dysphonic males and dysphonic
females in terns of maximum flow rate and duration were
statistically significant hence the null hypotheses stating
that there is no significantat difference between norna

mal es and femal es; dysphonics nales and fenmales in terns of

maxi mum fl owate and duration at 0.05 | evel,were rejected.



4.8

Tabl e-1V: TaFIe showing Vital capacity (MO in Females and
mal es

Mean SD M ni mum Maxi mum
N D N D N D N D

M 3.80 3.29 1.13 1.36 2.32 0.98 4.96 4.96
Max. f | ow
rate F 2.31 2.87 0.84 1.26 1.38 1.22 4.42 4.96
M 3.22 1.76 0.74 0.65 2.27 0.66 4.42 2.59
Vita
capacity F 2.64 1.99 0.47 0.53 1.82 1.17 3.28 3.02
M 2.28 1.76 0.92 0.8 1.08 0.84 4.5 4.00
Dur ati on
F 2.63 1.84 0.98 0.8 1.51 1.04 5.20 4.00

There was significant differnce between normal nales and
dysphonic males and normal females and dysphonic fenales
in terms of maximum air flow rate vital capacity and
duration. Thus the null hypothesis stating theat there is no
significant different between normal males and dysphonic
mal es and normal fermales and dysphonic females in terns of

maxi mum flow rate, vital capacity and volunme were rejected at

0.05 | evel.

The volunme of air is effectively used by the larynx for
the act of speech or phonation. Any pat hol ogi cal condition
in the respiratory system would bring about reduction in the

vital capacity as indicated by the results of the present
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study. The maximum flow rate was also reduced in the above
nmentioned conditions i.e. in pathological conditions.

O her investigators have also found the vital capacity to

be as follows in normals,which are simlar to the present

st udy.
Raj eev (1995) 2.90 1
Sal aj (1994) 4.88 1
Joti nder (1994) 3.50 1

Simlar findings have been reported by Fairbanks (1960),
Luschsi nger (1965), Hirano, Koike and Von Leden (1968),
Sheela (1974), Jayarama (1975), Jain and Ramaiah (1979),
Verma et al. (1982), Nat ar aj a and Rashm (1984).

Maxi mum Sust ai ned Phonati on

Maxi mundur ati on of Sustained Phonation has been defined
as the maximum tine an individual can sustain phonation after

a maxi mum i nhal ati on.

The study of the Table V and Gaph V showed that the
maxi mum phonati on duration was more in normals than in
dysphoni cs. The nean phonation duration was 16.98 sec for
normal s and 9.67 sec. for dysphonic wth the standard

deviation of 5.31 and 5. 37. The "t t est reveal ed
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statistically significant difference bet ween normal s and
dysphonics in terns of nmaxi num sustained phonation and hence
the null hypothesis stating that there 1is no significant
di fference between normal s and dysphonics in terns of maxi num

phonation duration was rejected at 0.05 |evel.

Table-V : Table showi ng Maxi mum sustai ned phonation in
Normal s and dysphoni cs

Mean SD M ni mum Maxi mum
N D N D N D N D
Vol une 3.01 1.39 2.11 0.99 1.00 0.13 12.91 1.69
Maxi mum 16.98 9.67 5.31 5.37 10.10 0.13 32.60 4.28
Phonat i on
time

Phonat i on 0.18 0.27 0.06 0.16 0.10 1.88 0.41 2.5
Quot i ent

Mean air 0.20 0.23 0.16 0.17 0.06 0.08 0.93 0.66
flow rate

Table VI revealed that the normal nmales had |onger
phonation time than nornmal fermales i.e., a nmean of 18.62 and
15.35 sec. and standard deviation of 6.53 and 3.15 for
normal mal es and nornmal femal es was observed. Dysphonic mal es
had shorter phonation tinme than dysphonic fenales i.e. a
mean of 6.09 sec. and 10.56 sec. wth the variation being
greater in dysphonic males i.e. 548 and 0.39 in dysphonic

mal es and dysphonic fenales respectively. The differences
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between normal males and normal fenal es; dysphonic nmales and
dysphonic females in terns of phonati on tinme were
statistically significant. Thus the hypot hesest ati ng t hat
there is no significant difference between nornmal nales and
normal fenmales and dysphonic nal es dysphonic females in terns
of MPD was rejected at 0.05 level.The volunme of air exhaled
during phonation was greater in normals than in dysphonics
i.e., anman of 3.01 Iliters and 1.30 liters in normals and
dysphonics and a standard deviation being greater in nornals
i.e., 2.11 and 0.99 in normals and dysphonics respectively.
Both the normal and dysphonic males had greater volune than
their female counterparts. The statistical analysis reveal ed
significant differences between normals and dysphonics and
normal males and normal females and dysphonic nmales and
dysphonic females. Thus the null hypotheses stating that 1)
no significant difference between normal males and femal es
and dysphonic males and dysphonic fenales in terns of
phonation tinme 2) no signi ficant di fference bet ween
nor mal sand dysphonics 3)no significant difference Dbetween
normal males and nornmal females and dysphonic nmales and
dysphonic fermales in ternms of volune of air exhal ed during

t he neasurenent of phonation time were rejected at 0.05 |evel.
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The study of volune and nmaxi num phonation tine
indicated significant differences between the normal nales
and dysphonic nal es and normal fenmales and dysphoni c
femal es. Thus rejecting the null hypothese/stating that there is
no significant differences between normal mal es and dysphonic
mal es and normal fermales and dysphonic females in terns of
vol ume and maxi nrum phonation tinme at 0.05 |evel.
Tabl e-VI: Tabl e show ng Maxi mum sust ai ned phonati on [

n
Females and males of both normal and dysphonic
groups.

Mean D M ni nrum Maxi mum
N D N D N D N D

M 3.34 1.73 1.28 0.8 1.74 0.13 6.52 3.03

Vol une
F 2.69 1.68 .72 .88 1.00 .25 12.31 3.03
_ M 18.62 6.09 .53 .90 11.50 .12 32.60 17.70
Maxi mum
Phonation F 15.35 10.56 .15 .48 10. 10 .88 20.50 23.00
time
.69
Phonat i on

Quot i ent F 0.17 0.24 .04 .14 0.11 .08 0.22 .62

1
0

M 0.25 1.05 .05 0.93 4.28
0

.20 .44 0.13

Mean air

2 0 0
6 4 1
3 5 1
M 0.19 0.40 0.08 0.39 0.10 0.08 0.41
0 0 0
0 1 0
flowrate F 0.17 0.19 0.09 0.10 0.06 0.03 0.45 .37

Mean air flow rate has been defined as the ratio of
total volunme of air collected during nmaxinmum  sustained

phonation to the duration of sustained phonation (cc/sec).
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Mean air flow rate was neasured and the results were
tabulated in Table VI. The study of the Table VI and G aph
VI reveals that the dysphonic popul ation had MAFR greater
t han the normal s. The nean of airflow rate for normals and
dysphonics were 0.201 and 0.231 wth the standard deviation
of 0.16 and 0.17 respectively. The statistical analysis
reveal ed significant difference bet ween nor mal s and
dysphonics. Thus the null hypothesis stating that there is
no significant difference between normals and dysphonics in

terns of MAFR and nean airflow rate was rejected at 0.05

| evel .

The study of nmean air flow rate indicated signifiant
di fference between normal nmales and dysphonic mal es and
normal females and dysphonic females. Thus rejecting the
null hypothesis stating that there S no significant
di fferences between normal nmales and dysphonic nmales and

normal females and dysphonic fermales at 0.05 |evel.

Study of Table VI revealed that both the male groups
i.e. normal and dysphonic had greater MAFR than fenales
counter parts i.e., a nean of 0.25 and 1.05 <cc/sec in
normal males and dysphonic nmales and 0.17 and 0.19 in nornma
femal es and dysphonic femal es. The "t t est showed

statistically significant difference between normal nales and
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normal females and dysphonic males and dysphonic fenales
rejecting the null hypothesis stating that there 1is no

significant difference between normal el es and nor mal
femal es, and dysphonic mnales and dysphonic fenmales in terns

of MAFR at 0.05 | evel.

Phonation Quotient was also studied for both normal
dysphonic groups. It was found to be lower in normals than
in dysphonics. The nean phonation quotient in normals and
dysphonics were 0.18 and 0.27 with the standard devi ati on of
0.16 and 0.17 respectively. This measure was found to be
greater in both normal and dysphonic nmal es when conpared to
their female counterparts. There was significant difference
between normals and dysphonics and norrmal males and norma
femal es, dysphonic males and dysphonic fenales. Hence the
nul | hypot heses stating that t here S no significant
di fference between normals and dysphonics, nornmal nales and
normal females, dysphonic nales and dysphonic females were

rejected at 0.05 level, wth reference to phonation quotient.

The study of phonation quotient and nean airflow rate
indi cated that there is significant differences bet ween
normal males and dysphonic males and normal females and

dysphoni ¢ femnal es. Thus the null hypothesis stating that there



4.15
is no significant di fferences between normal nmales and
dysphonic males and nornmals fermal es and dysphonic fenal es was

rejected at 0.05 |evel.

There was no significant difference between dysphonic
mal es and dysphonic females accepting the null hypothesis
that there is no significant difference dysphonic nales and

dysphonic fenmales at 0.05 |evel.

The Maxi mum Sustain Phonation and vol une were greater in
normal s than in dysphonics. These results are supported by
Pt acek and Sander (1966); Yanagi hara (1966); Yanagi hara and
Koi ke (1967); Hirano et al. (1971); Beckett et al. (1971);
Ptacek et al. (1975); Jayarama (1975); Tait and M chel
(1977) Shigenori (1977); Krishamurthy (1988), Salaj (1994)
and Jotinder (1994).

Maxi mum Phonat i on duration in different types of

dysphoni cs based on studies conducted at AIISH were as

foll ows:
Functi onal voice disorders 10 sec
Vocal nodul e 11 sec
Vocal cord paral ysis 7 sec
Chronic laryngitis 14 sec

O her organic conditions 10 sec
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St udi es have shown significant differences between
normal males and females and dysphonic nmales and fenales

whi ch was confirned by the results of the present study al so.

Salaj (1994) and Jotinder (1994) studied the volune of
air expired in normal nmales and normal fenmales and found a
significant difference between the two groupsi.e.,nornmals and

dysphoni cs.

MAFR has been found to be good indicator of phonatory
function. In paralysis of vocal folds and other |[|aryngea
disorders it can be used to nonitor the treatnent (H rano, et
al . 1968; Hirano, 1975; I sshi ki, 1977, Saito, 1977;
Shi gemari, 1977). Shigenori (1977) reported a positive
relationship between the MFR and the size of the lesion. MR
frequently decreases after surgical treatnment of the lesion

(Hrano, 1975; Saito, 1977; Shigenori, 1977).

MAFR in pathologic <condition 1in cc/sec as reported by

different investigators are given bel ow -
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Aut hor Condi ti on Aver age Range
lwata et al. Laryngitis M=150
(1972) F=137
lwata et al. Laryngitis M=166 65- 500
(1976) F=146
Shi gi mar i Nodul e 182 70- 740
(1977) Pol ypoi d 360 75- 697
Yoshi oka et al. Nodul e M=187
(1977) F=195
Pol yp M=174
F=171

Simlar findings have been reported in the literature
by Yanagi hara et al. (1966), Isshiki (1967); Hirano, et al.
(1968); Yoshika et al. (1977); Jayarama (1975); Krishnanurthy
(1986), Nataraja (1986); and Sudhir Banu (1987); Sal aj
(1994), Jotinder (1994); Rajeev (1995).

Changi ng SPL:

Changing SPL is a nmeasure which indicates the |owest and
the highest SPL that can be attained by a person at a

confortable pitch |evel

Study of Table VII and Graph VII reveal that the normals
excel the dysphonics in phonation tine even when phonation

with the SPL was changed from | owest to highest. The nean
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phonation tine was 10.31 sec and 7.83 sec. in normals and
dysphonics with greater variation I n dysphoni cs, whi | e
measuring maxi mum SPL, the nean SPL and the maxi mum SPL range
The nean, standard deviation and range of these neasures were
tabul ated in Table VII. The difference in each neasure was
found to be statistically significant between the normals and
dysphonics. Thus the null hypothesis stating that there is
no significant difference between normals and dysphonics in
terns of maximum SPL, nean SPL and maxi num SPL range were
rejected at 0.05 |evel.

Tabl e-VI1: Table show ng Changi ng SPL in Normal s and
dysphoni cs

Mean SD M ni mum MBaxi num
N D N D N D N D

Phon.tinme 10.31 7.83 2.84 3.19 4.4 2.60 16.9 19.7
Max. SPL 91.91 84.36 3.54 5.47 83.8 70 97 93.0
Mean SPL 83.27 77.56 3.77 5.98 74.8 63. 4 89.8 86.1

Max. SPL 41.91 41.91 3.54 6.12 33.68 16.80 47.00 43.0
range
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significant difference between nor mal mal es and nornma

femal es and dysphonic fenmales were rejected at 0.05 |evel.

Table VII1 reveals that phonation tine was greater in
normal males than normal females i.e. a nean of 10.89 sec.
and 9.73 sec.in normal males and normal fenales respectively
but vice-versa in the dysphonic group as reported earlier
i.e. a nmean of 5.93 and 8.69 in dysphonic nmales and dysphonic
femal es respectively. Maxinmum SPL was greater in fenale
dysphonics and was nearly equal in the normal group. The
maxi mum SPL range was nearly equal in the normal group and
the males excelled in the dysphonic group i.e. a nean of

56.89 dB and 85.48dB in dysphonic nmales and dysphonic fenales

respectively. These differences wer e statistically
significant. The null hypothesis stating that thre is no
significant difference between nor mal mal es and nor mal

femal es, dysphonic nales and dysphonic fenmales in terns of
phonation tinme at nmaxinmum SPL range were rejected at 0.05
level. The mnimum SPL was set at default value of 50 hence

not considered for study as nost of themreached this |evel.
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Tabl e-VII11: Table showi ng Changing SPL in Fenales and Ml es
Mean SD M ni mum Maxi mum
N D N D N D N D
M 10. 89 5,93 3.54 2.11 4.40 2.60 16.90 40.0
Phon. tine
F9.73 8.69 1.86 3.83 6.92 2.60 13.72 19.7
M 92.19 56.89 3.68 3.89 8.61 0.69 97.0 91.6
Max. SPL
F 91.63 85.48 3.51 4.68 83.8 76.6 95.6 93.0
M 83.38 54.09 4.06 :33.74 76.9 5.70 89.8 86.0
Mean SPL
F 83.14 77.86 3.60 4.43 74.8 69.6 88.8 86.0
M 42.19 49.75 3.68 9.88 36.4 16.8 47.0 90. 2
SPL rane
F 41.64 34.45 3.51 6.70 33.8 16.8 45. 6 43.0

The results showed a clear consonance with the previous
studies of the normals having better range than the dysphonic
group. This could be due to the econom c and efficient usage
of pulnmonary air that the range IS hi gher than the
pat hol ogi cal conditions where they are not able to contro
the intensity and breath stream The better performance of
the females in phonation tine and maximum SPL may be due to

unmat ched severity of hoarseness between both the groups.

The present results are simlar to the studies reported
inthe literature (Mchel and Wendahl, 1971; Colton, 1973;
Col eman, Mabis and Hinson, 1977; Stone and Krause, 1980;
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Pt acek, Sander, Maloney and Jackson, 1966; Stone and Ferch,
1982; Murrary and Brown, 1971a; Watanebe, et al. 1977).

Vocal efficiency

It is the ratio of total speech power radiated fromthe

mouth to subglottic power.

Study of Table IX and Gaph 1X showed t hat t he
dysphoni cs had greater phonatory flow rate than the nornmal s.
The nean phonatory flow rate was 0.21 1 and 0.28 1 in normals
and dysphonics with the standard deviation of 0.13 and 0. 19.
The peak air pressure was also neasured and the results are
shown in Table [IX  Mean in normals and dysphonics were 4.84
and 4.72 with standard deviation of 0.25 and 0.57. The
phonat ory power, phonatory ef ficiency and phonat ory
resistance were found to be greater in dysphonics than in
normals i.e. a nmean of 0.11, 48.59, 33.70 in normals and a
mean of 0.30, 163.54 and 46.57 in dysphonics respectively.
The dysphonics were found to have greater variability i.e. a
standard deviation of 0.87, 238.79 and 86.38 in conparison to
normal s. The nean standard deviation and range are provided
in the Table IX The differences between nor mal s and
dysphonics in terns of phonatory flow rate, peak air pressure,

phonat ory power, phonatory ef ficiency and phonat ory
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resi stance were found to be statistically significant between
the two groups. The null hypot hesi s stating that there is
no significant difference between normals and dysphonics in
terms of nean phonatory flow rate, peak air pressure,
phonatory power, phonatory efficiency, phonatory resistance
were rejected at 0.05 |evel. Thus showi ng poor voca
efficiency in case of dysphonics.

Tabl e-1X: Table showing IPIPI - Vocal efficiency in Normals
and Dysphoni cs

Mean SD M ni num Maxi mum

N D N D N D N D
PFR 0.21 0.28 0.13 0.19 0.02 0.01 0.5 0.83
PAP 4. 84 4.72 0.25 0.57 3.78 2.72 4.96 4. 96
PP 0.11 0.30 0.06 0.87 0.02 0.01 0.25 4.89
PE 48.59 163.54 24.20 238.79 11.01 2.57 99.45 828.10
PR 33.70 46.57 19.95 86.38 10.4 6.07 99.62 457.48

The Table X and G aph X reveal that phonatory flow was
greater in males than in females in both the groups i.e.
normal s and dysphonics i.e. a nmean of 0.23 and 0.38 in nornma
mal es and dysphonic mnmales and a nean of 0.19 and 0.23 in
normal ferales and dysphoni c femal es respectively were
observed. A standard deviation of 0.15, 0.32, in both the
male groups and 0.11 and 0.15 in their female counterparts

were noticed. The peak air pressure was greater in norm
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femal es when conpared to normal males i.e. a neanof 4.76 and
4.93 respectively were noted. But in case of dysphonic
femal es nean pressure exceeded the dysphonic nmales i.e. a
mean of 4.86 in dysphonic fenmales conpared to 3.35 in
dysphonic nmal es were noticed. Phonat ory power was equal in
the normal group, but was greater in dysphonic nmales when
conpared to dysphonic females. The phonatory efficiency was
greater in normal nmales and dysphonic ferales were conpared
with their respective counterparts i.e.a nean of 38.47 and
52.18 in nmales and dysphonic males in conparison to 28.94 and
28.09 in normal feral es and dysphonic females. The phonatory
resi stance was found to be higher in males both in normal and

dysphoni ¢ group than the fenales.
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Tabl e-X: Table showing |PIPI Vocal efficiency in Fermal es and
Mal es

Mean SD M ni mum Maxi mum

N D N D N D N D
M 0.23 0.38 0.15 0.32 0.04 0.01 0.50 1.10
PR F 0.19 0.23 0.11 0.15 0.02 0.01 0.47 0.48
M 4.76 3.35 0.34 2.21 3.78 0.02 4.96 4. 96
il F 4.93 4.86 0.06 0.16 4.76 4.40 4.96 4. 96
M 0.11 0.14 0.07 0.12 0.02 0.01 0.25 0.45
i F 0.11 0.12 0.05 0.08 0.05 0.01 0.23 0.23
M 54.61 154.66 26.82 192.76 11.01 2.57 99.45 713. 36
o F 42.57 172.19 20.41 251.75 14.05 9.14 76.22 816.49
M 38.47 52.18 25.14 119.35 22.00 0.45 99.52 457.48
i F 28.94 28.09 11.99 21.81 10.40 9.73 50.56 457.48
The differences between normal nales and nornmal fenales
and dysphonic nmales and dysphonic femal es in ternms of
phonatory flow were statistically significant. The
di fference between nornal mal es and normal ferales and

dysphonic mal es and dysphonic females in terns of peak air
pressure was found to be statistically significant. The
di fference between dysphonic males and dysphonics fenales in
terms of phonatory power was found to be statistically
significant. The differences between normal nales and nornal

femal es, dysphonic nmales and dysphonic females in terns of
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phonatory efficiency were statistically significant. The
di fferences between the norml mal es and nor mal f emal es;
dysphoni cs mal es and dysphonics females in terms of phonatory
resi stance were statistically significant. Thus the null

hypot heses stating that -

(1) There is no statistical difference between normal nmales
and normal females, dysphonic males and dysphonic females

in terms of phonatory flow.

(2) There is no significant difference between normal males
and normal females, dysphonic males and dysphonic females

in terms of peak air pressure.

(3) There is no significant difference between dysphonic

mal es and dysphonic females in terms of phonatory power.

(4) There is no significant difference between normal males
and normal females, dysphonic males and fenmales in terns

of phonatory efficiency.

(5 There is no significant difference between normal mal es
and nor mal femal es, dysphonics males and dysphonics

females in terms of phonatory resistance.
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were rejected at 0.05 |evel. The null hypot heses stating
that there is no significant difference between normal males
and normal females, dysphonic nmales and dysphonic fermales in

ternms of phonatory power were accepted at 0.05 |evel.

There was significant difference between the nornal
mal es and dysphonic nmales and normal fenales and dysphonic
females in terns of phonatory flow rate, peak air pressure,
phonat ory power, phonatory efficiency thus rejecting the nul
hypot heses stating that there 1is no significant difference
between the normal nmales and dysphonic males and norna

femal es and dysphonic females at 0.05 |evel.

There was no significant difference bet ween t he
normal males and dysphonic males in terns of phonatory
resistance thus accepting the null hypothesis stating that
there is no significant difference between the normal nales
and dysphonic males. But the results indicated a significant
difference between normal females and dysphonic females in
ternms of phonatory resitance rejecting the null hypothesis
stating that there is no significicant difference between

normal females and dysphonic fermales at 0.05 |evel.
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were rejected at 0.05 |evel. The null hypotheses stating
that there is no significant difference between normal males
and normal femal es, dysphonic males and dysphonic fermales in

ternms of phonatory power were accepted at 0.05 |evel.

There was significant difference between the nornal
mal es and dysphonic nmales and normal fenales and dysphonic
females in terns of phonatory flow rate, peak air pressure,
phonatory power, phonatory efficiency thus rejecting the nul
hypot heses stating that there is no significant difference
between the normal males and dysphonic nmales and nornal

femal es and dysphonic females at 0.05 |evel.

There was no significant difference bet ween t he
normal mal es and dysphonic males in terns of phonatory
resi stance thus accepting the null hypothesis stating that
there is no significant difference between the normal nales
and dysphonic males. But the results indicated a significant
difference between normal fenales and dysphonic fenales in
terns of phonatory resitance rejecting the null hypothesis
stating that there is no significicant difference between

normal females and dysphonic females at 0.05 |evel.
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The flow rate was higher in dysphonics as they consuned
nmore air during phonation i.e., 4-5 times higher than nornal
subj ects (Dohne, 1977). Most of the patients wth voice
di sorders were unable to control the intensity and pitch of
voice as required hence greater flow rate wth mninumtine
was observed. One nore possible reason for the increased
flow rate was that of inperfect closure of the glottis
| eading to increased flow of air. The peak air pressure was
maxi mum in normals as they were able to direct the air stream
to higher values due to effective conversion of pulnonary air

to regularised air stream

The phonatory efficiency results are not in agr eenent
with the results of Shizo, Tanaka, WIbur, Gould (1985).
Their study reveal ed reduced vocal efficiency in pathological
| esi ons such as nodes, polyps, edenma, nerve paralysis. 1In
other words less effective conversion of input aerodynamc

power to output sound power takes place for those with the

types of |aryngeal disease. The phonatory efficiency 1in
normals was within the |imt as reported by Rajeev (1995),
Sal aj (1994).

The resistance when greater,|leads to reduced phonatory
efficiency as low flow rates. In the presence of hoarse |oud

voi ce signifies increased gl ottal resi stance i.e. t he
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inconplete closure of the vocal folds activate the |aryngea
nmuscles to contract further leading to hyper functiona
voice. Gottal resistance varies with intensity levels with

greatest being in whispered voice.

Fast abducti on/ adduction rate

The adduction/abduction rate is the nmaxinum rate at

whi ch a person can start and stop voi ci ng.

The nmean, SD and range of volune of air expelled during
t he abduction/adduction, nean air flow rate and the
abducti on/adduction rate are also provided by the programe,
as one neasures fast abduction and adduction rate. Results
obtained are tabulated in Table XI and also depicted in G aph
XI. It was found that the abduction/adduction rate was
greater in normals with a nean of 5.87 and standard devi ation
of 2.33 and a nean of 5.19 and standard derivation of 5.33 in

dysphoni cs.
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Tabl e- XI : Tabl e show ng Fast abduction/adduction rate in
normal and dysphonics

Mean SD M ni num Maxi mum

N D N D N D N D

Vol une 1.63 2.02 0.8 1.57 0.55 0.09 4.39 7.35
Mean AR 0.32 0.28 0.37 0.17 0.10 0.05 2.26 0.78

Ab/Ad rate 5.7 5.19 2.33 533 219 1.74 9.39 9.86

The 't' test was used for the statistical analysis and
there was significant difference between normal and abnornal
groups rejecting the null hypothesis stating that there is
nosignificant difference and normals and dysphonics in terns

of fast abduction/adduction rate at 0.05 |evel.

The study of Table XII and Gaph XI|I reveals that the
femal es, both nornal and abnor nmal gr oups had greater
adduction/ abduction rate than males i.e. a nean of 6.07 and
5.82 in normal fenales and dysphonic females in conparison
to 5.67 and 4.05 in normal males and dysphonic males with
greater variation being in t he dysphoni c group. Thi s
difference was not statistically significant and the nul
hypot heses stating that there is no significant difference
bet ween normal females and nornmal males, and dysphonic nmal es
and dysphonic fenal es in termse of fast adduction and

abduction rate were accepted at 0.05 |evel.
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Tabl e-XlI'1: Table showi ng Fast Ab/Ad Rate in Femral esand Ml es

Mean SD M ni mum Maxi mum
N D N D N D N D
M 1.85 2.17 0.95 1.50 0.55 0.27 4.39 6.70

Vol une
F 1.42 1.85 0.61 0.71 0.62 0.70 2.43 3.08
M 0.38 0.33 0.52 0.12 0.10 0.08 2.26 0.50

Mean AR

F 0.26 0.23 0.09 0.06 0.10 0.08 0.41 0.33
M 5.67 4.05 2.72 3.12 2.19 0.09 9.39 09.86

Ab/ Ad
F 6.07 5.8 1.94 2.94 2.28 1.74 9.24 9.86

It can be stated that the uninpaired vocal folds can
physioloigically open and close faster than the pathol ogi cal
vocal folds. The females have higher rate as the vocal folds
are shorter with |ess mass hence faster novenent. This is
correlated with the frequency of vibration of the vocal fold.
These results are in consonance with the results of earlier

studies found in the literature.

There is significant difference between the nornmal nmal es
and dysphonic males and normal femal es and dysphonic fenal es
in terms of volune and fast abduction/adduction rate. Thus
rejecting the null hypothesis that there is no significant
di fference between the nornmal nales and dysphonic males and

normal fermal es and dysphonic fenales at 0.05 |evel.
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The paraneter nean air flow rate showed no significant
di fference between normal nales and dysphonic nmales and
normal females and dysphonic females. Thus accepting the
nul | hypothesis stating t hat t here S no significant
di fference between normal nales and dysphonic nmales and
normal females and dysphonic fenmales in terns of nean air

flowrate at 0.05 | evel

Based on the results of +the present study it can be

concl uded that -

- There is statistically significant di fference bet ween
normal s and dysphonics in terns of peak flow and vol une of

peak fl ow.

- There is statistically significant difference between

normal s and dysphonics in terns of duration of peak flow.

- There is statistical significant difference between normals
and dysphonics in terns of vital capacity and nmaxi num fl ow

rate and duration of vital capacity.

- There is significant difference between nor mal s and

dysphonics in terns of maxi num sustai ned phonati on.



There is

dysphonics in terns of phonation quotient

rate.

There is

dysphonics in terns of maxi num SPL,

range.

There is

significant

signi ficant

significant
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dysphonics in terns of phonation terns.

There is
dysphoni cs
pressure.
There is
dysphoni cs

resi st ance.

There is

signi ficant

in

si gni fi cant

in terns of

significant

dysphonics in terns of

There is

dysphoni cs

signi ficant

in terns of

di fference between normals and

and nean air flow

di fference bet ween nor mal s and

mean SPL, maxi mum SPl

di fference between normals and

di fference bet ween nor mal s and

terms of phonatory flow rate and peak air
di fference between normals and

phonatory efficiency and phonatory

di fference between nor mal s and
adducti on/ abduction rate.
di fference bet ween normals nd

volume and nean air flow rate.
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- There is no significant difference between normals and

dysphonics in terns of phonatory power.

Table-XlI'11: Show ng the significance between the nmales and
the females in normal and dysphonic groups.

Par anet er s NM & DM NF & DF NM & NF DM & DF

Peakf | ow + +

Vol ume + + + +
Dur ation + + + +
Maxi mum flow rate + + + +
Vital capacity + + + +
Dur ati on + + + +
Vol ume + + + -
Maxi mum ponation tine + + + +
Ponati on quoti ent + + + +
Mean airflow rate + + + +
Ponation tine + + + +
Maxi mum SPL + + - +
Mean SPL + + - +
Maxi mum SPL range + + - +
Phonatory flow rate + + + +
Peak air pressure + + + +
Phonat ory power + + - +
Phonatory efficiency + + + +
Phonat ory resistance - + + +
Vol ume + + + +
Mean air flow rate - - + +
Add/ abd rate + + — +

i L 1
J f

F= Femal e
I n nor mal males and dysphonic fenales significant
differences were found in the follow ng paraneters.

- Peakfl ow, Vol une, Duration

- Maxi num Flow Rate, Vital Capacity, Duration

- Vol une, Maxi num Phonation tinme Phonation Quotient, Mean Ar
FI ow Rat e.

- Phonation Tinme, Maxi num SPL, Mean SPL, Maxi mum SPL range.
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- Phonatory flow rate, Peak Air Pressure, Phonatory Power,
Phonatory Efficiency.
- Vol une, Abduction/Adduction rate
In normal females and dysphonic females significant

differences were found in the foll ow ng paraneters.

Vol unme, Duration

- Maxi mum Flow Rate, Vital Capacity, Duration

Vol unme, Maxi mum Phonation Tinme, Phonation Quotient, Man
Air Flow Rate.

Phonation Tinme, Maxinum SPL, Mean SPL, Maxi mum SPL range.

Phonatory flow rate, Peak Air Pressure, Phonatory Power,
Phonatory Efficiency.

Vol une, Abduction/ Adduction rate

, Mean Air Flow Rate.

In normal males and normal fenales t he foll ow ng

parameters were found to be significant.

- Peakfl ow, Vol unme, Duration
- Maxi mum Flow Rate, Vital Capacity, Duration

- Vol unme, WMaxi mum Phonation tinme, Phonation Quotient, Mean
Air Flow Rate.

- Phonation Tine.

- Phonatory flow rate, Peak  Ar Pressure, Phonat ory
Resi stance, Phonatory Efficiency.

- Vol une, Mean Air Flow Rate.

I n dysphonic mal es and dysphonic females the follow ng

parameters were found to be significant.

- Vol unme, Duration

- Maxi mum Fl ow Rate, Vital Capacity, Duration

- Vol ume, WMaxi mum Phonation tinme, Phonation Quotient, Man
Air Flow Rate.

- Phonation Time, Mxinmm SPL, Mean SPL, Maxi mnum SPL range.

- Phonatory flow rate, Peak Air Pressure, Phonat ory
resi stance, Phonatory Efficiency.

- Vol unme, Mean Air Flow rate., Abduction/Adduction Rate.
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NORMATI VE DATA for these paraneters are also provided
in Table X V.
Table XI'V: Show ng t he NORMATI VE DATA
Par anet ers Mean D Range
Peakf | ow 4. 77 0. 69 1.53 - 4.96
Vol une 1.71 0.44 0. 96 3. 06
Dur ati on 0.83 0.24 0.44 - 1.73
Maxi mum flow rate 3.06 1.24 1.38 - 4.96
Vital capacity 2.93 0. 68 1.82 - 4.42
Dur ati on 2.46 0.95 1.08 - 5.20
Vol une 3.01 2.11 1 - 12.91
Maxi mum ponation time 16. 98 5.31 10.10 - 32.60
Ponati on quoti ent 0. 18 0. 06 0.10 - 0.41
Mean airflow rate 0.20 0.16 0.06 - 0.93
Ponation tine 10. 31 2.84 4.4 - 16.9
Maxi mum SPL 91.91 3.54 83.8 - 97
Mean SPL 83. 27 3.77 74.8 - 89.8
Maxi mum SPL range 41.91 3.54 33.68 - 47
Phonatory flow rate 0.21 0.13 0.02 - 0.5
Peak air pressure 4.84 0. 25 3.78 - 4.96
Phonat ory power 0.11 0. 06 0.02 - 0.25
Phonatory efficiency 48. 59 24.2 11.01 - 99.45
Phonat ory resi stance 33.70 19. 95 10.4 - 99.52
Vol une 1.63 0.81 0.55 - 4.39
Mean air flow rate 0. 32 0. 37 0.10 - 2.26
Add/ abd rate 5.87 2.33 2.19 - 9.39
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SUVMARY AND CONCLUSI ON

Voice is an essential feature of efficient comunication

by the spoken word. The aerodynam c paraneters of voice were
studied by various investigator but a clear picture of the
di fferences were not found. I n t he present study 30
aerodynam c parameters were studied and the di fferences

between the normals and dysphonics and differences between

the males and females of both the normal and dysphonic groups

wer e studied.

Aerophone 1l (voice function analyzes Kay Elemetrics |,
F.J. Electronics, Ellebium 21 DK-2950 vedback, Denmar k) was
used to acquire, anal yze and di spl ay t he foll ow ng
aerodynam c parameters. These extracted paranmeters were
avail able as numeri cal files which were subjected to the
statistical analysis.

1) Peak fl ow

- Maxi mum peak fl ow
- Vol une
- Duration

2) Vital capacity
- Maxi mum peak flow

- vital capacity
Dur ati on
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3) Maximum sustain phonation

Maxi mum peak flow

Vol ume _ _
Maxi num phonation time
Phonation quotient
Mean air flow rate
Mean SPL

SPL range

4) Changi ng SPL

Maxi mum peak flow
Vol ume

Phonatory time
Mean air flow rate
Maxi mum SPL

Mean SPL

M ni mum SPL

Maxi mum SPL

5) Vocal efficiency

Peak flow

Vol ume

Dur ation

Phonation flow rate
Phonation flow rate
Phonati on mean SPL
Pressure

Power

Efficiency
Resi st ance

6) Fast abduction/adduction rate
Maxi mum peak flow
Vol ume
Duration
Mean airflow rate
Abduction/adduction rate
Al'l the 39 paranmeters were nmeasured in a group of 60 nornmal

(30 males and 30 females) and a group of 30 dysphonics (15
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mal es and 15 femal es) . The results Mere subjected to

statistical analysis (t-test) using SPSS programme.

"t'" test results indicated the followng :

1) There is significant difference between the normals and
dysphonics in peak flop/ volune, duration, vital capaisty,
maxi mum flow rate, maxi num sustai ned phonation, phonation
quotient, nmean air flow rate, maxinmum SPL, nean SPL,
maxi mum SPL range, phonatory flow rate, peak air pressure,
phonatory efficiency, phonat ory resi stance and f ast

abducti on/ adducti on rate.

| n nor nal mal es and dysphonic fenmales significant
differences were found in the follow ng paraneters.

- Peakfl ow, Vol unme, Duration
- Maxi mum Fl ow Rate, Vital Capacity, Duration

- Vol une, Maxi mum Phonnation Linme Phonation Quotient, Mean Ar
Fl ow Rat e.

- Phonation Tinme, Mxinmm SPL, Mean SPL, Maxi mum SPL range.

- Phonatory flow rate, Peak Air Pressure, Phonatory Power,
Phonatory Efficiency.

- Vol une, Abduction/ Adduction rate

In normal females and dysphonic fenales significant
differences were found in the follow ng paraneters.

- Vol une, Duration

- Maxi mum Fl ow Rate, Vital Capacity, Duration
- Vol unme, WMaxi mum Phonation Tinme, Phonation Quotient, Mean
Air Flow Rate.

Phonation Ti nme, Maxi num SPL, Mean SPL, WMaxi num SPL range.
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- Phonatory flow rate, Peak Air Pressure, Phonatory Power,
Phonatory Efficiency.

- Vol une, Abduction/Adduction rate , Mean Air Fl ow Rate.

In normal nmales and normnal femal es the follow ng

paraneters were found to be significant.

- Peakfl ow, Vol une, Duration

- Maxi mum Fl ow Rate, Vital Capacity, Duration

- Vol ume, Maxi mum Phonation tinme, Phonation Quotient, Mean
Air Flow Rate.

- Phonation Tine.

- Phonatory flow rate, Peak Air Pressure, Phonat ory
Resi st ance, Phonatory Efficiency.

- Vol une, Mean Air Fl ow Rate.

I n dysphonic mal es and dysphonic females the follow ng

paraneters were found to be significant.

- Vol une, Duration

- Maxi mum Fl ow Rate, Vital Capacity, Duration

- Vol unme, Maxi num Phonation time, Phonation Quotient, Mean
Air Flow Rate.

Phonation Time, Maxinmm SPL, Mean SPL, Maxi mum SPL range.
Phonatory flow rate, Peak Air Pressure, Phonat ory
resi stance, Phonatory Efficiency.

Vol une, Mean Air Flow rate., Abduction/Adduction Rate”

Reconmmendations for further study

1) These paraneters can be studied with different |[|aryngeal
pat hol ogi es before, during and after therapy, to find out

the exact effect of therapy.



2)

3)

5.5
O her paraneters like acoustic paraneters can  be
considered and correlated wth these paranmeters for

further study.

More nunber of dysphonic subjects may be used for further

study.

Each category of dysphonic can be wused matched for

severity of hoarseness and differentiated anong the other

group.
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APPENDI X |

Definitions of termns
(1) Vital Capacity (VQ

~Vital capacity has been defined as the amount of air an
i ndividual can expire aftr a deep inspiration.

(2) Mean Air Flow Rate (MAS)

Mean air flow rate has been defined as the ampunt of air
colelcted in one second during phonation at a given frequency
and intensity.

Total volume of air collected during phonation (CC
MAF =
CC/ Sec Total duration of phonation(Sec)

(3) Phonation Quotient

Phonation quotient has been defined as the ratio of
vital capacity to maxi mum phonation duration.

Vital capacity
Maxi mum phonation duration
(4) Maxi mum phonation duration (MD)

Maxi mum durtion of phonation has been defined as the
maxi mum duration for whi ch an i ndi vi dual can sustain
phonati on.

(5) Vocal efficiency

The efficiency of voice was defined as a ratio of
radi ated acoustic power to subglottal power.

G ottal resistance I's calcualted as t he maxi mum
ottal air pressure divided by the air flow through the
is

subgl
gl ott

(6) Adduction/ Abduction rate : This parameter indicates the
rate of opening/closing movements of vocal fold in Hz.



APPENDI X- 1 |

The Voice Function Analyzer, Aerophone Il takes the
advantage of a sophisticated conbination of a hard-ware
transducer system w th transducers for recording of air
flow, air pressure and the acoustic signal, and a
conputerized data processing. Al electronics including the
m croprocessor and the transducers are mniaturized and
build into a small box nmounted in the holder for handle and
mask. The output plug is connected to one of the serial
in/fout socket of an |BM Conpatible AT-or PS/s conputer using
the DOS operting system and the patient's response is
imedi ately sanpled 1000 tinmes per second and shown on the

nonitor screen in colours or in the print-outs.

The recorded paraneters are shown as figures, as curves
YT - plots) fromwhich any part may be extracted for
further statistical calculations, as XY plots,or as
regression |ines. Several itens nmay be selected by the
cursor and summarized to generate an aveage curve, Wwhich
also may be used for statistical conputations. This set up
facilitates the routine work in the speech clinic, because
it is not necessary to exchange fl ow heads between the peak
flow vital capacity nmeasur enment and nmeasur enent s of

phonat i ons.



Special care is taken to provide calibrated recordings
from the Aerophone 11. During first-tine set-up the
programe asks for the calibration factor to ensure that the
SPL values are exact (within +/- 0.2 dB SPL). If you
exchange the mcrophone, a new SOL calibration factor nust
be read into the set-up file. The sensitivity of the air
pressure transducer is adjusted fromthe factory and does
not need any further adjustment. The sensitivity of the air
flow transducers is factory preset in hardware, but as the
resistance in a flowhead will change slightly during use,
it wll be necessary to readjust the air flow calibration,
so we should use a 1 litre calibration syringe for that
pur pose. Bynmeans of the Aerophone Il it is possible to

register.

-> Maxi mum peakfl ow, and vital capacity.

-> The following information during sustained phonation:
M nimum  nmaxi mum and average sound pressure |evel,
dynam ¢ range, volune of air used, duration, nean flow
rate and phonation quotient.

-> Calibrated recordings of sound pressure |evel air
pressure, and air flow in running speech.

-> Subgl ot t al pressure, glottal resi stance, glotta

aerodynam c input power, acoustic output power and



glottal efficiency.

-> Recorded parametrs shown as tine functions, x/y - plots
and regression lines showing the dependence between
various paranetrs.

-> Average curves show ng summation of curves from cursor-
def i ned l'ine up paints and registration of t he
adduction/abduction rate of the glottis or the velum in

nmovenents per second.



