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| NTRODUCTI ON

"Voice is one conponent of speech. Human  voice
provides an all inportant vehicle for conmunication and
intrinsic linguistic and grammatical features of stress and
intonation in speech. Voi ce and speech are inclusively

human attri butes” (G een, 1964).

Voi ce has been defined as "the |aryngeal nodul ation of
the pulnonary air stream which is further nodified by the

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

Fant (1960) defines voice as P-S. T, where "P' the

speech sound is the product of the source "s and the

transfer-function of the vocal tract 'T'.

An attenpt has been nade by Nataraja and Jayaranm
(1975) to reviewthe definitions of normal voice critically.
They have concluded that each of the available definitions
of voice have used subjective terns, which are neither

defi ned nor neasurabl e.

They have suggested the possibility of defining good
voice operationally as the good voice is one which has

opti mum frequency as its fundanental (habitual) frequency.



The production of voice is a conplex process. |t
depends on the synchrony between the respiratory, t he
phonatory and the resonatory systemwhich in turn requires
precise control by the central nervous system Hi rano
(1981) states that, "during speech and singing the higher
order centres including the speech centers in the cerebral
cortex control voice production and all the activities of
the central nervous systemis finally reflected in nuscular
activity of the voice organs". Because of the inter-
dependence of the respiratory, phonatory and the resonatory
systens during the process of voice production disturbance

in any one of the systemmy lead to deviant or abnornal

voice quality. Voice plays a mgjor role in speech and
hence in comunication. Therefore, voice needs to be
constantly nmoni t ered and in the event of abnor mal

functioning of voice, an imrediate assessnent should be
undertaken which would lead to the diagnosis and not only
identifies the voice disorders but also acts as an indicator

for the treatnment and nmanagenent to be foll owed.

The ultimate aim of studies on normal ity and
abnormality of voice assessnent and diagnosis of the voice
disorders is to enforce a procedure which wll eventually
bring back the voice of an individual to normal or optinmm

| evel



The human ear has a remarkabl e capacity to identify and
di scrimnate varying sound conpl ex. One can identify the
speakers sinply by listening the voice. Wl trained voice
clinicians are able to determ ne the pathologies on the
basi s of psychoacoustic inpression of voice (Takhashi, 1974,

Takhashi et al. 1974; Hirano, 1975).

The psychoacoustic evaluation of voice is based on
pitch, | oudness and quality of the voice sanple. Due to
its subjectivity the perceptual judgenent of voice has been

consi dered | ess worthy than the objective neasurenents.

There are ot her obj ective nmet hods l'i ke EMG,
Stroboscopy, Utra sound glottography, Utra-high speed
phot ogr aphy, Phot o-el ectric gl ot t ogr aphy, El ectro-
gl ott ography, Aerodynam c neasurenents, Acoustic analysis,

etc.



The primary physical factors in turn determne certain
secondary features, which include the pressure drop across
the glottis, volume velocity or nean air flow rate and
gl ottal | npedance or nmean glottal resistance. The
secondary features are referred to as the AERODYNAM C

feature of voice.

"The past decade has Wi t nessed an I ncreasi ng
application of aerodynam c studies of voice" (Kent, 1981).
In the rehabilitation of various conmunication disorders
di agnosis plays an inportant role. Know edge of ' nornal
condition is a pre-requisite for diagnosis. 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 nethods for study the normal and abnormal voice.

The present study ains at analyzing the aerodynamc
features of voice of normal healthy adults and childrens.
The follow ng aerodynam c neasures selected for the study.
-> peak flow of air during phonation
-> vital capacity
-> maxi mum sustain phonati on

-> vocal efficiency.



The above nentioned aerodynam c paraneters were studied
in sixty normal adults (30 males and 30 fenal es) between the

age of 15 and 25 years (Mean age 20 years).

Pur pose of the study

1. To establish normative data for the I|ndian popul ation.
2. To study the sex difference in adults with respect these

aerodynam c paraneters.

Hypot hesi s:

There is no significant sex difference in ternms of the

di fferent paraneters.

-> There is no significant difference between normal nmale
and female subjects to peak flow and other related
measur e.

-> There is no significant difference between normal nmale
and female subjects on vital capacity and other related
measur es.

-> There is no significant difference between nornmal nmale
and female subjects on rmaxi num sustained phonati on
and rel ated neasures.

-> There is no significant difference between normal nmale
and female subjects on voice efficiency and other
rel ated neasure.



REVI EW CF LI TERATURE

Communi cation has |long been recognized as one of the
nost fundanental conponents of human behaviour (Peterson
1958). The ability of the human beings to use their voca
apparatus wth other organs to express their feelings, to
describe an event and to establish communication is unique
to them It took mllions of years for human beings to
develop this faculty. The onset of the human era is
recognized to have started with the acquisition of the
ability to communicate using the vocal apparatus for social
i nteraction. No normal person has failed to develop this
faculty and no other species is known to have devel oped this

ability.

It is apparent that a "good" voice is a distinct asset
and a poor voice, my be an handi cap. If a person's voice
is deficient enough 1in sone respect that it 1is not a
reasonably adequate vehicle for comrunicati on, if it is

distracting the |istener, one canconsider this as disorder

In general, the follow ng requirenment can be set to
consider a voice as adequate as stated by Iwata and Von

Leden (1978).



1. The voice nust be appropriately I oud.
2. Pitch level nmust be appropriate. The pitch level nust
be considered in terms of age and sex of the i ndividual.

Men and wormen differ in vocal pitch |evel

3. Voice quality nmust be reasonably pleasant. Thi s
criterion inplies the absence of such unpl easant
qualities like hoarseness, breathiness, harshness and

excessive nasality.

4. Flexibility nust be adequate. Flexibility involves the
use of pitch and | oudness inflection. An adequate voice
must have sufficient flexibility to express a range of
differences in stress, enphasis and meani ng. A voice
whi ch has good flexibility is expressive. Flexibility of
pitch and flexibility of |oudness are not easily
separabl e, rather they tend to vary together to a

consi derabl e extent.

Functionally, larynx is a valve and a sound generator.
As a valve it regulates the flow of air into and out of
| ungs and keeps food and drinks out of the |ungs. The two
functions are acconmpani ed by a relatively conpl ex
arrangenent of cartilages, mnuscles and other tissues. The
larynx and the trachea have been recognized as central

organs in sound prodcuction. The nechani sm of human | arynx,



often regarded as sphincteric, nore nearly represents
graduated folding. Taking the end of normal respiration as
the reference point, folding decreases with inspiration and
i ncreases successfully with reserve respiration, phonation

effort closure and swall ow cl osure (Link, 1974).

When vi brating, the vocal folds provide a w de range of
guasi periodic, nodulations of the air stream accounting for
various tonal qualities, reflecting the different ways the
vi brator behaves (Brackett, 1971). The essential function

of larynx has been wi dely accepted, but the controversy

arises regarding the way the vocal cords are set into
vi brati on. There are mainly two theories of phonation
nanel y:

a) Myo elastic aerodynanm c theory

b) Neurochronaxic theory

Mul | er in 1843 first avanced the myo el astic
aerodynam c theory. Tandrof (1975) and Smth (1984)
suggested few nodifications. This theory postulates that

the vocal folds are set into vibration by the air stream
from the lungs to the trachea and the frequency of
vibration is dependent on their length, tension and nBass.
These are regulated primarily by the interplay of the

intrinsic laryngeal nuscles.



Husson (1950) postul ated that each new vibratory cycle
is initiated by a nerve inpulse transmtted fromthe branch
of the vagus nerve. The frequency of vocal <cords are
dependent upon the rate of pulses delivered to the |aryngea

nmuscl es.

According to Fant (1960), the nechanical nmnyoelastic
theory of voice production is conmonly accepted. Based
on the nyoelastic theory, he considers the follow ng factors
as responsible for determi ning frequency of vibration of

vocal cords.

1. Control of |l|aryngeal nmuscul ature affecting the tension
and mass distribution of the cords. I ncrease in tension
and decrease mass increases fundanmental frequency.

2. Decrease in subglottal pressure decreases the fundanental
frequency.

3. Increased degree of supraglottal constriction as invoiced
consonants reduces the pressure drop across the glottis,
thus reducing the alternating positive and negative
pressure and thus reducing the fundanental frequency.

4. A shift in the tongue articulation towards the front
position results in an increase in fundanental frequency

due to increased vocal cord tension.



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

the tines.

Considering voice as a miltidinensional series of
neasurable events, a single phonation can be assessed

indifferent ways.

The following are the aerodynamc features of voice
taken up for the present study.
a) Peak flow
b) Vital capacity
c) Maxi mum sustai n phonati on

d) Vocal efficiency (IPIP).

A) Vital Capacity:

The inportance of respirati on and phonation to the act
of speaking has been well recognized by the speech

clinicians. As Mchel and Wndall (1971) put "the human

10



speech is a nyoel astic aerodynamc process”. The air flow
conponents of speech, including subglottal pressure, air
flowrate, phonation air volune, the Bernoulli's effect and
the |ike have been under intensive study. t he rmeasurenent
of vital capacity is inportant as it provides an estinmate of
the anount of air potentially available for the production

of voi ce.

The nmechanical functions of lungs as an air power
supply fop phonation was tested through the neasurenent of

both static and tinmed vital capacity.

The "vocal sound is produced by the rapid, periodic
openi ng and cl osi ng of the vocal cords that segnent a steady
expiratory air flowfromthe lungs into a aeries of air
puffs or pul sations". The frequency of the vocal fold
vibrations (separation - opposition cycles) corresponds to
the fundanental frequency (pitch) of the Ilaryngeal sound,
which then generates higher harnonics (formants) as it
passes through supral aryngeal resonatory cavities. Voi ce
intensity (loudness or volune) is |argely dependent upon the
devel opnent of proportionately higher levels of subglottic
pressure. Fundanent al frequency (pitch) | ncr eases
primarily as vocal cord tension and length increase and

secondarily, subglottal air prssure increases and the

11



larynx is elevated. In addition, the rate of sound
production (energy per unit of tine) is limted only by the
lungs capacity to produce air flow (volume per wunit of
tinme). Vocal sound production is therefore vitally
dependent upon the forces of expiration for the snooth and
steady nmaintenance of subglottic air pressures (Gould,

1971a; Could, 1974; CGould and Ckanmura 1973, 1974; Dar by,
1981).

It is necessary to wunderstand various aspects of
pul monary  physiology described in terns of di fferent
vol unes. “"Air inthe lungs is divided into four prinmary
volumes and four capacities (Fig. 1). The following four
volumes and capacities are representative values for an

young adult mal e (Conroe, Forster, Dubois, et al. 1962).

1) The tidal volumMe (TU = 600 cc) is the air nmoved in or out

under nornal resting breathing conditions.

2) The in&piatorv reserve volume (IRV = 3000 cc) is the

maxi mal anount of air that can be inspired fromthe end

inspiratory position of quiet breathing.

12



Fig.l: LUNG VOLUVES AMD CAPAC TI ES

The sequence illustrates tidal volume expiratory
reserve volunme, inspiratory reserve volune and vital
capacity. The vertical box di agram il lustrates

representational volunmes and capacities for an young adult

mal e.

IRV = Inspiratory reserve vol une
TV = Total vol une

ERV = Expiratory reserve vol une
KV = Residual volune

VC = Vital capacity

TLC = Total lung capacity
(Reproduced frombDarby, J.E (ed.)

"The interaction between speech and di sease". In speech

Evaluation in Medicine, 1981, Gune and Stratton, Inc, New

Yor k.

13



3) The expiratory reserve volune (ERV = 1200 cc) is the

maxi mal anmount that can be expired fromthe end

expiratory | evel

4) The residual volunme (RC = 1200 cc) is the amount which

remains in the lung after maxi mal forced expiration.

The vital capacity (VMC = 4800 C is the nmaxi mal anount
which can be expelled after full inspiration. The tota
lung capacity (TLC = 8000 CC) is the anount of air in the
| ungs after nmaximal inspiration. The timed vital capacity
(TVQ neasures the rate at which the vital capacity (VO can
be fronthe |ungs. For exanple, with forced expirtion, 83X
of the VC (about 4000 CC) can be exhaled in one second and
94% (about 4500 cc) within three seconds.

This neasure of pul monary function nmay al so be terned
the forced expiratory vital capacity (FEVC) and subdi vi ded
into volunes per unit tine. The forced expirtory volune
in the first second exceeds the volune exhaled in the second
in a series of progressive volune reductions through the
fifth (normal) to seventh (obstruction) seconds. The

forced expiratory volume in the third second (FEV) exceeds

3
the volume in the first second (FEV) because FEV  summates
1 3

the air volune exhaled in the first, second, and third

seconds.

14



The maxi mal breat hing capacity (MBC) is the ventilatory
volumre a person can sustain for twel ve  seconds.
Representative values are 150 liters per mnute for nen and
100 liters per mnute for wonen (Hckam 1963). The
respiratory system has reserve capacity, as the resting
breathing rate is twelve breaths per mnute, noving only
7200 cc of air per mnute (Darby, 1981). The anount of air
avai | abl e for individual for the purpose of voice phonation

depends upon the vital capacity of an individual.

H rano (1982) states, while discussing the aerodynamc
tests. "The aerodynamc aspects  of phonation is
characterized by four paraneters, subglottal pressure,
supraglottal pressure, glottal inpedance and the volume
velocity of the airflowat the glottis. The values of these
paraneters vary during one vibratory cycle in accordance
with the opening and closing of the glottis. These rapid
variations in the values of aerodynamc paraneters cannot
usually be neasured in living humans because of technical

difficulties'.
As it is difficult to neasure these aerodynamc
paraneters nost often the researcher or clinicians concerned

with voice production resort to the neasurenent of vita

15



capacity and nean airflow rate. These two paraneters are
considered as inportant nmeasures, as they reflect (1) the
total volune of air available for phonation, thus indirectly
depicting the condition of the respiratory system (2) The
glottal area during the vibration of the vocal cords, in
ternms of flowrate, which in turn would showthe status and

functioni ng of laryngeal system

It has been assuned that superior vital capacity for
exanple, as in professional singers or athletes arose
from higher than average or nornmal vital capacity of
unt r ai ned, singers or non-athletes. The results of the
study by H cks and Boot (1968) and Sheela (1974) found that
there was no significant difference between trained and

untrai ned si ngers.

Mal es have shown hi gher values of vital capacity than
females (Jain and Lanmai ah, 1979; Jayarama, 1975; Nataraja
and Rashm, 1984 and Krishnanurthy, 1986). Vernma et al.
(1982) report that nean vital capacity values in Indians

were significantly lower than in the Western subj ects.

Jayarama (1975) reports that there was no significant
difference between nales of the normal and the dysphonic

groups but a significant difference was found between

16



femal es of the nornmal and the dysphoni c groups. Thus, the
measurnment of vital capacity would help in differentiating
dysphonics from nornals. This paraneters wll be nore
I nportant when there is a respiratory disorder along with or

other condition |eading to voi ce disorders.

Yanagi hara and Koi ke (1967) have realted vital capacity
to volune; while Hrano, Koike and Van Lenden (1988) have
i ndicated a relationship between vital capacity and maxi num
phonation duration. |In the forner study, it was reported
that the phonation volunme and the ratio of phonation volune
to the vital capacity both decrease as the subjective pitch
| evel decreses. Thus corelation coefficient ranging from
0.59 to 0.90 were observed between the vital capacity and
phonati on quotient (vital capacity/phonation duration) wth
flow rates in normal subjects, indicating that higher flow
rates were generally associated with shorter phonation

durations or longer vital capacities.

H cks and Root (1968) studied the lung volunes in
singers, they studied the vital capacity, tidal volunme and
inspiratory capacity and found no significant differences
bet ween prof essional singers and non-si ngers. They al so

studied the lung volume in different positions such as

17



Sitting, standing and found that volunmes did not vary

significantly with the positions.

Goul d and Ckanura (1973) studied the static |ung vol unme
In singers. Their results suggested that there may be a
specific correlation between the vital capacity and 1|ong

termtraining.

Koi ke and H rano (1968) described a neasure, which they
referred to as "vocal velocity index". This termrefers to
the ratio of nean flowrate to the vital capacity. The
mean airflow rate during phonation (in cc/sec) was obtained
by dividing the phonation volune by the maxi mum phonation
time. This index denonstrated no significant vari ance
between nornmal nale and femal e subjects. Iwata and Von
Leden (1970) suggested fromthe results of their study that
the application of vocal velocity index as a useful

obj ective neasure of the |aryngeal efficiency.

Salaj (1994) conducted study on nornmal hearing and
hearing-inpaired subjects and the results showed higher
values of vital capacity when conpared to that of hearing-
| npai red popul ati on. Anmong the normal hearing subjects
mal es showed hi gher values to that of fenale subjects. I n

hearing-inpaired population it was found that there was no

18



significant difference between nale vital capacity and

femal e vital capacity.

Mbaxi umum sust ai ned Phonati on Durati on:

Maxi mum sustain phonation duration (MSPD) has been
defined as the maxi rumanount of tinme an individual can
sustain phonation after a maxinuminhalation. There is a
lot of disparity anong the clinicians about the nornmative
data as a nunber of variables affect. Ptacek and Sander
(1963) appear to be the first to suggest that MSPD nmay be
i nfl uenced by these vari abl es. Their study has indicated
that males could sustain phonation |onger than fenales
especially at lower frequency and sound pressure |evels.
However, they have found that significant difference existed
for frequencies and sound pressure |evels for nmal es but not
for females ie. the frequency and sound pressure |evels were

significant for mal es but not for the fenales.

The ability to sustain a vowel provides sone objective
neasure of the efficiency wth which a speaker utilizes the
respiratory air (Neinman and Edi son, 1981). This neasure
gives a good indication of the neuronuscular condition

status in vocal apparatus (Gould, 1975). Gould (1975) has

19



reported that increnentsin the flowrate and volune, in the
presence of short phonation duration suggest neuronuscul ar

def ects, such as | aryngeal nerve paral ysis.

Arnold (1958) has given the rationale for using this aa
a clinical test. He has stated that this sinple test gives
information about the efficiency of pneunophonic sound
generation in larynx, it also denonstrates the general state
of the patient's respiratory coordination. Wth reference
to this Mchel and Wendhal (1971) have stated that this
nmeasure can denonstrate the general status of respiratory
coordination of the patient but nore accurately indicates

the relative efficiency of pneunol aryngeal interaction.

St udi es have been conducted to obtain normative data on
normal children and adults (Ptacek and Sander, 1966;
Yanagi hara et al. 1968; Yanagi hara and Koi ke, 1907; Hrano
et al. 1971; Beckett et al.1971;, Ptacek et al. 1975; Tait
and M chel, 1977) and on children and adults with |aryngeal
pat hol ogi es (Sawashima, 1966; Hrano et al. 1969; Ptacek,
et al. 1975).

Results of a study by Less and M chael (1969) do not
support the findings of Ptacek and Sander (1963). They have

reported that there is a tendency for MSPD to increase as a

20



function of sound pressure level for low frequency
phonations in both nales and females and for noderate
frequency phonations in nmales. However, there is a
tendency for phonation tine to decrease as the sound
pressure |evels increase for high frequency phonation for

bot h mal es and f enal es.

Yanagi hara et al. (1966) and Yanagi hara and Koike
(1967) have reported that phonation tinme was reduced at high
pitches for both men and wonen. They measured MSPD at

three different vocal pitch-1ow, mediumand high.

Shashi kal a (1979) who has neasured the MSPD at opti num
frequency, +/- 50 Hz. +/- 100 Hz and +/- 200 Hz reported
that nmaxi mum phonaton tinme at optinmum frequency was | onger

than that at other frequencies, intensity being constant.

MSPD also depends on the anount and the Kkind of
training an individual had and nunmber of trials used
to obtain MBPD. Less and M chel (1968) have reported that
the athletes generally do better than non-athelets and
trained singers do better than non-singers. On this task of
sustai ning phonation, Sheela (1974) has reported different

findings she has found no significant relationship between
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phonation tine and training. The phonation tinme range was
15-29 sec, intrained singers and 10-29 sec. in untrained

si ngers.

In nost of the studies three trials are considered in
assessing MSPD (Yaragi hara et al. 1966; Yar agi hara and
Koi ke 1967, Yaragihara and Von Laden, 1967; Launer,
1971; Coonbs, 1976). Sanders (1963) neasured MSPDwith 12
trials and reported no difference between the first and the

twelth trial.

Stone (1976) has observed that adults denonstrate
greater NSPD of 10, when fifteen trials were used. Lew s,
Casteel and MacMbhan (1982) have reported that it was not
untill the fourteenth trial that 50% of their subject
produced the MSPD and not untill the twentieth trial, did
all their subjects produce NMSPD. 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 weight of the individual (Arnold and Luchsinger, 1965;
M chel, 1971). However, Lewis, Cartwheel and MacMhan

(1982) have found no significant relationship between
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length of phonation tinme and height or weight of the

i ndi vi dual .

Issihiaet al. (1967) have reported that volune of air
expired during the |ongest phonation ranged from 68.7% to
94.5% of the subjects vital capacity. Their finding was
supported by the results of Yaragi hara and Koi ke (1967) who
have reported that the percentage ranges from50 to 80% for
males and 45 to 70%for females. Lewis, Casteed and
MacMohan (1982) have observed a significant and dom nant
rel ati onshi p between vital capacity and length of sustained

phonati on of /a/.

Yaragi hara and Koi ke (1967) have indicated that the
phonation volune (ie. air volune available for nmaxinally
sustai ned phonation) varied in proportion to the vital
capacity and air, height, age and wei ght of the individuals.
They have also reported that |onger phonation tine 1is
generally related to |onger phonation vol une. They have
concluded that maxi num sustai ned phonation depends on the
total air capacity available for voice production. The
expiratory power and the adjustnent of the larynx for

efficient user, that is glottal resistance.
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Rashm (1985) has reported that MSPD of vowel s
increased as a function of age in both males and fenales.
She studied children ranging in age from4-15 years. She
reports that WNMSPD of /i/ was greater followed by /u/ and
finally /al.

MSPD has been found to be low in many pathol ogica
states of the larynx, especially in case wthin conpetent
glottal closure. Hrano (1961) has suggested that the
maxi num phonation tine less than 10 seconds should be
consi dered as abnornal . Sawashi ma (1966) has considered
the phonation |length below 15 seconds in adults nmale and

bel ow 10 seconds in adult fenal es as pat hol ogi cal .

Arnold (1955, 1958) has enployed neasurenent of
phonation tine routinely, during phoniatric examnation and
has observed that MSPD is frequently reduced to few seconds
(3-7 seconds) in paralytic dysphonia. Arnold (1958) has
also indicated that MSPD usually corresponds to the degree
of dysphoni a. According to  Shigenori (1977) in
pat hol ogi cal cases, abnormal test findings were nore evident
in terns of the maxi num sustai ned phonati on duration, than

the nean air flow rate or phonation quotient.
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The findings that the short phonation tinme 1is
associated with Jlaryngeal pathology, canbe inproved by
treatnent, has also been shown by Von Leden (1967), who
reported an increase in phonation tine from1.33 sec. to
14.79 sec. in one case and from3.91 sec. to 8.66 seconds in
another case (both had wunilateral vocal fold paralysis)
after injecting teflon paste into the affected fold. An
I ncrease in phonation length from4 seconds to nore than 20
seconds as a result of teflon treatnment of unilateral vocal
fold paralysis has been denonstrated by Mchel et al.

(1968) .

Jayarama  (1975) has observed significantly |ower
maxi mum sustai n phonation duration in dysphonic group than
i n normal group. He has reported a significant difference
between nales and fermales in normal groups but not in

dysphoni ¢ groups.

Salaj (1994) conducted study on normal hearing and
hearing-inpaired subjects and the results showed that the
maxi num sustai ned phonation volune values were higher in
nornmal hearing than hearing-inpaired popul ati on; where nal es
showed hi gher val ues than fenmales in both normal hearing and
heari ng-inpai red popul ation. His study also revealed

hi gher val ues on MSPT neasure in nornal hearing popul ation,
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when conpared to hearing-inpaired popul ation. Anoung the
normal hearing and hearing-inpaired popul ation there was no
significant difference. The normal fenmale subjects MSP
rate values were found to be steeply high when conpared
anong the normal hearing population and between the

popul ati on.
Thus, the review of Iliterature indicates that the
neasurenent of maxi mum sustained phonation duration is

useful in diagnosis and al so treatnent of voice disorders.

c) Peak Flow Rate Air Fl ow)

The inportance of air flow and breath control in voice
production has |ong been recogni zed (Kel man, Gordon, S npson

and Morton, 1975).

Breat hing, phonation and resonance, the three basic
processes, are inseparable phases of one function,
vocal i zation or voi ce production. Fl et cher (1959)
describes that "the DC flowof air is converted into AC
sound pul ses by the novenent of the vocal cords”. In this
way, the vocal fold vibrate alternately, opening and cl osing

the glottis for a very short peri ods. Actually, it is the
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air current fromthe lungs that separates the vocal folds
and open the glottis, a suction takes place which shows the
vocal folds together again (Known as the Bernoulli effect).
| medi ately, the subglottic pressure builds up again and
forces the vocal folds apart and the air streans out through
the glottis. The vibratory frequency in turn determ nes
the frequency of the air puffs which are the prinmary source
of the sound. Thus the frequency of vocal fold vibrations
corresponds to the fundanental frequency (Pitch) of the
| aryngeal sound, which then generates higher harnonics
(formants) as if passes through the supral aryngea
resonatory cavities. Issihi (1959) noted in electrica
stimulation experinment on dogs that pitch increased by
increasing air flow alone and that pitch elevation was
acconpani ed by increasing subglottal air pressure (SAP) if
air flowrenained constant. Ladefoged and Mckinney (1963)
found fairly good correlation between SAP and |ogarithm of

the frequency of vibration of the vocal cords.

The intensity of voice is directly related to changes
in SAP and transglottal air pressure. H kon (1973) reported
that sound pressure level is governed nmainlyby the pressure
supplied to the larynx by the respiratory punp. Ther ef or e,
air flowis inportant in changing pitch and to sone extent

intensity.
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The voice disorders can be caused by disordered
functioning of respiratory and/or laryngeal system these
two systens are interdependent in the production of voice.
The respiratory systemis nmainly concerned with supply of
energy for the sound production and thus its disorders are
mainly reflected as an alteration in the efficiency of the
activator to provide satisfactory air support for nornal
| aryngeal function, and is comonly acconpanied by an
associ ated organic |aryngeal dysfunction. Mean air flow
rate has been shown to be reliable indicator of air usage
during phonation (Yaragi hara, Koi ke and Von Leden, 1966).
Mean air flowrate is also related to the regulation of
pitch and intensity (lIssihi, 1965; Issihi and Von Leden,
1964; Yaragi hara and Koi ke, 1967).

Issihiki (1964) has reported that nean air flow (MAF)
of 100 cc/sec for nornmal phonation in the nodal register.
Yar agi hara, Koi ke and Von Leden (1966) have reported ranges
of 110 to 180 cc/sec in nornmal nmales and in normal fenal es
it is lower reflecting the generally lower total |ung

capacity and intensity of voice production.

Issihiki (1964) has investigated the relationship
between the voice intensity (SPL), the SAP, the air flow
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rate and the glottal resistance. Si mul t aneous recordi ngs
were made of SPL, SAP the flowrate and the volune of air
utilized during phonati on. The glottal resistance, the SAP
and the efficiency of the voice were calculated from the
dat a. It was found that at very low frequency phonation
the flow rate renmained al nost unchanged or even slightly
decreased, the increase in voice intensity while the glotta

resistance showed a tendency to augnent increased Voice
intensity. In contrast to this, the flow rate on high
frequency phonati on was found to increase greatly while the
glottal resistance renained al nost unchanged as the voice
intensity increased. O the basis of the data, it was
concluded that at very low pitches, the glottal resistance
was domnant in controlling intensity, becomng less so as
the pitch was raised, untill at extremely high pitch the

intensity was controlled alnost entirely by the flow rate.

Thus, VC and MAF, anong ot her aerodynamc factors play
an inportant role in determning the pitch, intensity and
duration of phonation. However, sonme workers have
indicated that MAF is determned by the glottal resistance.
The relationship between the frequency and MAF is not yet
resolved ie. whether the glottic resistance determnes the
VAF. Sone state that frequency is determned by the

interplay of these two factors. However, it can be stated
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that the study of these two paraneters would help in

under st andi ng the process of voice production.

Yar agi hara (1969) has given the follow ng inplications:

a) Flowrates nore than 300 cc/sec with phonation tine ratio
| ess than 50% suggests that a lowglottal resistance is
the  dom nant contributing factor for the vocal
dysfunction which may be ternmed as hypofunctional voice

di sorders.

b) Flow rates upto about 250 cc/sec phonation vol une-vital
capacity ratio suggests that a high glottal resistance is
the dom nant contributing factor for the vocal
dysfunction which can be labelled as hyperfunctional
voice disorders. He further stresses that aerodynamc
exam nation on phonation canbe a valuable adjunct to
ot her physiologic studies for an understading of

| aryngeal di sorder.

| wat a, VonLeden and WIIians (1972) had used
pneunot achograph to neasure air flow during phonation
associated wth |aryngeal pat hol ogy. H gher MAFs
corresponds to hypotensive conditions of the larynx (eg.

| ar yngeal paralysis) and |ower MAFs correspondent to
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hypertensive conditions, (eg. contact ulcers). The results
have confirned, that the MAF indicates the overall |aryngea
dysfuncti on, Irregularities of the air flow during
phonation are reflected as disturbances inthe acoustic
si gnal s. These functions may be closely related to the
pat hol ogi cal changes in the vocal cords even in patients
with apparently normal MAFs. This suggests that the MAF
during phonation and especially the degree of air flow
fluctuation provides wuseful quantitative measures of

| aryngeal functions.

Atkin (1902) has concluded fromobservations of the
vocal folds in living humans that vocal intensity was higher
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.
Wien it was open, the subglottal pressure escaped and the
intensity di mnished. Lurry(1940) has stated that increase
in air pressure above the mnimal value necessary to
initiate vibration at a given frequency determnes the
anplitude  of vibration and hence the intensity of

phonat i on.
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Fransworth (1940) noted that as intensity increased,
the vocal folds remained closed for a proportionally |onger
duration in each vibratory cycle. He also noted that the
maxi mum di spl acenent of the vocal folds increased wth
intensity but not proportionately. Pressman (1942) was of
t he same opi nion as Fransworth (1940). He has stated that
the anplitude of the vibratory novenments becone greater as
-subglottal pressure increases, the increased exclusion of

the mdline was nore conpl ete.

Rubin (1963) concluded that vocal intensity may be
raised by increasing air flowwith constant vocal fold
resistance, and/or by increasing vocal fold resistance
constant air flow Rubin (1963) also pointed out that the
mechani sns of vocal pitch and intensity were so interrel ated
that any attenpt to isolate one fromthe other, except for

the nost el enentary consideration was virtually inpossible.

It need not be supposed that an increase in vocal
intensity should significantly affect t he rate  of
expenditure of air. Al though the anount of subglottal
pressure required for phonati on was hi gher, the resistance
of the larynx was also greater and the volune flow per unit
time is actually decreased. This point of view is

supported by Issihi (1964) and by Ptacek and Sander (1963),
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who found that sone of their subjects were able to maintain
loud, Ilow frequency phonation for consistently |onger
durations than soft or noderately |oud phonati ons. Because
the vocal folds were in closed phase for a (greater
proportion of the vibratory cycle at high intensity than at
| ow intensity phonati ons. Thus there was less tine for air

flowto occur

H xon and Abbs (1980) have opined that "sound presure
level is governed mainly by the pressure supplied by the
respirtory punp”. Therefore, the air flowis inportant in

changing pitch, to sone extent and intensity.

“Larger lung volunmes and better air flowrate will help
in getting voice for a longer duration (Bouchy, et al. 1966;
Mead, et al. 1968; Hrano, et al. 1968) correl ated phonation
guotient (vital capacity / maxi mum phonation duration wth
the flowrates in normal subjects, indicating that higher
flowrates were generally associated with shorter phonation

durations or larger vital capacities.
Kunze (1964) and Isshiki (1964) have reported the flow
rates of 100 cc/sec for normal phonation in nodal register.

Jayarama (1975), has reported the flowrate of 62.4 cc/sec
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to 275 cc/sec in nornmal nmales and 71.42 cc/sec in nornal
females. Yaragihara, et al. (1966) have reported ranges of

110 to 180 cc/sec in normal nmal es and fenal es.

Krishnanurthy (1986) studied 30 young normal fenales
and 30 young normal nales and he reported that the nean air
flow rate in case of nmales ranged from67.5 cc/sec to 135
cc/sec. The nean of 105.79 cc/sec and in females it ranged
from 62.5 cc/sec to 141.67 cc/sec to the nmean of 105.79

cc/ sec.

Salaj (1994) studied normal and hearing-inpaired nmnales
and fenmales population and he reported that the nmaxi num
peak flow, peak flow vol une, peak flow duration values were
hi gher in normals when conpared to hearing-inpaired
popul ation. Hi s results also reveals higher values in nales
I n peak flow and peak flow volune than fenales; where there
was no significant difference between nmale and fenale

subject within the group in peakfl ow durati on.

The inability to naintain flowrate at a nornmal |evel
was found to be significant factor in the production of
dysphonic  voi ce. 79.5% of patients wth nechanica
dysphonia showed a disorder of flowrate (CGordon, et al.

1987).
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Backett (1971) found that in case of dysphonics the
nmean flowrate may vary from20 cc/sec to 1000 cc/ sec. t he
nmeanflow rate in nost cases of recurrent |aryngeal nerve
paralysis was greater than in normals MR was a good
i ndicator of the phonatory function in recurrent |[aryngeal
nerve paralysis and it was used to nonitor the treatnent
(Hrano, et al. 1968; H rano, 1975; Issihi, 1977, Saito,
1977; Shigenori, 1977).

In many cases wth nodules, polyps and polypoid
growth (reinksedema) of the vocal fold, the values of MR
exceeded the normal range but not marked as in cases wth
recurrent |laryngeal nerve paralysis. Shigenori  (1977)
reported a positive relationship between the MFR and the
degree of the tension (Hrano, 1975, Saito, 1977; and
Shigenori, 1977).

There was a strong rel ationshi p between chink size and
air flow, but no relationship between nodule size and air
flow Resistance and nodul e size were noderately correl at ed.
Breat hi ness was not explained by air flow, nodule size, or

chi nk magni t ude (Rammage, Peppard, Bl ess, 1991).
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In cases with tunors of the vocal fold the value of the
MFR varied frompatient to patient. | sshi ki and VonLeden
(1964) reported that in case of larger tunor, 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

i npede rather than enhance pressure decrease.

The studies of air flow and ot her aer odynam ¢
characteristics have proved invaluable inthe diagnosis of
voi ce disorders various studies carried out using different
factors on clinical population differed fromthe normals in
ternms of aerodynamc characteristics. So these can be
included in regular clinical evaluation of voice disorder to

help the clinician in the appraisal of the problem

Vocal Efficiency:

Many have suggested various neans of analyzing voice to
not e that factors that are responsible for creating
an inpression of a particular voice and to determne the
underlyi ng mechani sm (M chael and Wendahl, 1971; Jayaranms,

1975; Hanson and Laver, 1981; Hirano, 1981; Kel men, 1981
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| mazum , H kki, Hrano and Matsushita, 1980; Kim Kakita and
H rano, 1982; Perkins, 1971; and Enerick and Hatten, 1979).

Sever al methods have been used by different
| nvesti gators, in different conbi nati ons. Sonet i nes
only one or two of themhave been used for evaluation of
Voi ce. However, as Hrano (1981) has pointed out there is
no agreenent regarding the findings and al so the terns used.
Further, there are no extensive studies on analysis of voice
paraneters in normal, supra normal and abnormal in |Indian
popul ation except for an attenpt by Jayarama (1975) and
Nataraja (1986) which provided prelimnary information
regarding the voice disorders. However, there have been
no attenpts to define "efficient voice" (good voice) in
terns of acoustic, spectral, aerodynam c and | aryngographic
paraneters, therefore it has been considered that it will be
useful to find out the paraneters which contribute for the

efficient voice production.

Vocal functioning nust be highly efficient which neans
achi evenent of |oudness with mninmal vocal effort. Vanden
Berg (1956) uses the termglottal efficiency as the ratio of
total speech power radiated fromthe nouth to subglottic
power . H rano (1975) proposed a termlaryngeal efficiency

le. ratio of acoustic power inmmedi ately above the glottis to
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subglottic power while reviewing the efficiency of human
Voi ce system Titze (1992) states that "as a phonation
mechi ne, human body is very inefficient. Measures of
efficiency do not speak to issues of the long termhealth of
the vocal system Short-termgains in energy conversion
mght easily be obtained at the price of eventual injury or

di sorders”

dinically the speech pathologist is faced with the
probl em of providing a voice which is efficient ie. where
there is maxi mum physio-acoustic econony wth mninmm
expenditure of energy. At present there is no nethod which
permts the assessnent of voice to identify the efficient
voi ce considering all the aspects of voi ce production. As
Perkins (1971) points out the vocal hygi ene becones the nost
vital criterion. The hygienic criterion is related to the
acoustic criterion which states that "the less the effort
for acoustic output the greater the vocal efficiency”
(Perkins, 1971). These criteria al so enconpass the view

that such a voice will be esthetically acceptable too.

Untill the dinensions of vocal production can be
quantified satisfactorily clinical nmanagenent of voice wll
renein as it has been and is, an artistic endeavor

disjointed fromscientific studies of voice (Perkins, 1983).
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Van den Berg (1956) reported that the mean 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
indirect neasurement from esophageal pressure (Hroto,
1960), direct measurenment by the insertion of a needle
punchered into the trachea through the pretracheal skin
(Isshiki, 1964, 1968), and extraction from a tracheostonma
(Hroto, 1960). Koi ke and Perkins (1968) first directly
extracted subglottic pressure through the glottis by the use

of a mniaturized pressure transducer in a normal subject.

Wat anabe et al (1978) also reported the application of
a new mniature pressure transducer for direct nesurenent of
subglottic pressure during phonation, |aryngeal efficiency

and subglottic power are very closely rel ated.

Iwata (1988) in his study, defined the radiated
acoustic power and obtained the sanme by follow ng formula:

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

20
(20 cmdi stance fromthe nouth to phone).

Wer e B20 Is the sound pressure level in dB at the
m crophone, this equation was derived by nodification of
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Fletcher's equation (1953) to fit the condition of the
st udy. Sub-glottal power (erg/sec) represents the product
of subglottic pressure (dya/cnf) tines the air volune
velocity (cm/sec), through the glottis. Then, subglottic

power was obtai ned by the follow ng formla:

Subgl ottic Power (erg/sec) = subglottal pressure x
3

(On Hzo) air flowrate (On /sec) x 90.

Laryngeal resistance (a nean glottic flow resistance)
(On Ho/ 1 /sec) was enployed as a sinple ratio of mean
2
subglottic pressure (OnH o) to nean volume velocity (flow
2 2

rate Cm/sec).

The results of Iwata's (1988) study showed that the
nmean value of subglottic pressure was 29.2 OnH o, and
| aryngeal efficiency ranged from 0. 002 x 10_4 to 3.0%)x10-4
wth a nean value of 1.43 x 10_4 with the intensity
variations between 57%and 91.0 dB. Patients with |aryngeal
cancer had higher values of subglottic pressure and
| aryngeal resistance than did normal subjects. Laryngea
efficiency varied wdely according to the degree of cancer

infiltration of the glottis.
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The relationship between intensity and | ar yngeal
efficiency in normal and |aryngeal cancer groups. |In nornal

subj ects, values of laryngeal efficiency ranged from0.1 X
-4 -4 -4

10 to 6.48 x 10 wth an average of 1.43 x 10 showing a
linear correlation for intensity levels in both nales and

f emal es.

Anong patients wth laryngeal cancer, the values of
-4
| aryngeal efficiency, Tl cases ranged from 0.54 x 10 to

2.09 x 16 , and half of them showed values nuch |ower

than those of normal subjects. T3 cases ranged from 0.003
-4 -4 -

Xx 10 to 9.09 x 10 , wwth a nean value of 1.52 x 10 . Two

-4 -4
cases of T4 were 0.31 x 10 and 1.16 x 10 respectively.

As an indicator of the inability to phonation,
| aryngeal efficiency was obtained fromthe acoustic power

di vided by subglottic power during sustained phonation.

Sawashi na (1966) not es t hat t he abnor ma
reduction in glottal efficiency may occur by abnorna
reduction of glottal resistance as well as abnormally
high glottal resistance. Reduction in the resistance is
characterized by an abnormal increase in the flow rate,

wher eas t he increase in the resi st ance shoul d be
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characterized by an abnormal increase in subglottic

pressure.

Titze (1988) tried to answer the follow ng questions
inrelation to glottal efficiency:

a) Wiat is the relationships between glottal wdth and
radi ated acoustic power? |Is there an optimm glottal
wi dth so which the larynx can be tuned?

b) How nmuch regul ati on of power (in dB) can be achieved by
adjusting glottal w dth?

c) How does regulation of power by glottal wdth conpare

with regulation by subglottal pressure?

Titze (1988) concluded that the acoustic power rises
monotonically with glottal wwdth if the pressure is held
const ant . The increase is about 3 dB over 1 mm increasing
glottal wdth, nmainly because of the increased flow. No
tunning phenonenon was observed to optimze the acoustic
power at sone specific glottal width. Wen the acoustic
power was adjusted to ' A scal e weighting, however, a broad
maxi num was observed. In other words, the glottis can be
adjusted for optinumloudness when the vocal processes are
just touching or are slightly abducted. In real speech

where the vocal tract nodifies the glottal source spectrum
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t he perceived | oudness will also be weighted by the |ocation

of the fornmants.

In terns of the amount of |oudnesa regulation that can
be obtained by glottal width adjustnment, it was concl uded
that a 4 to 7 dBvariation theoretically is possible over

the range of typical glottal w dths in humans.

In phonation, glottal resistance limts the flow to
less than a tenth of the value conputed for puffing.
Typi cal nean flows are 0.0001-0. 0005 Nfs. In this range of
flows, the aerodynamc power is inthe order of 1 watt,
unl ess the subglottic pressure is raised considerably above

20 cm H o. As a standard in voice science, it may be

2
appropriate to conpute all speech and aerodynam c powers

in decibels relative to 1 watt, the approxi nate maxi num raw
aerodynam c power in speech. It can be noted that this
maxi mum aer odynam ¢ power is about 1% of the total netabolic

power of the human body (Titze, 1992).

The glottal power/efficiency may be derived from
intensity measurenments of human subjects, or it can be
calculated frombasic principles of acoustic radiation of

sound from idealized sources. Both approaches vyield
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-4 -2
estimated of 10 to 10 ; depending on the source strength

(peak flow), fundamental frequency and glottal wave shape.

The theoretical results for idealized source indicates that

Pr =(2mfoG-> (S.R Titze, 1992)

where 'P2' is the radiated power,

"Un is the peak alternating current (AC) glottal flow

"Fo' is the fundanental frequency

"G is a conplicated function that includes a nunber of

physi cal constants.

The Power Loss

Consider the power transferred fromthe air stream to
t he vocal folds. This is approxi mately the product of the
nmean force against the tissue and the nean velocity of the

ti ssue.

P=Po LTX
"Po' is the nmean glottal driving presure
‘L' is the glottal length
"T is the vocal fold thickness
X is the nmean velocity of the tissue in the lateral

direction.
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If one assunes that the nmean driving pressure is onthe
same order of magnitude as the subglottic pressure (1 kpa,
or about 10 cmH20). LT is on the order of Icﬁ1, and x 1is
on the order of 1 ns (1 mmvibrational anplitude traversed
in 1 ms, aquarter period of a chosen 250 Hz oscillation),
then the power to the vocal folds is estinated to be on the
order of 1 watt. This is an appreciable portion of the
previously estinmated nmaxi mumaerodynamc power (1.0 watt).

More generally, the aerodynam c power can be witten as.

P= PU = PSagu.
wher e,
PS = the nean subglottic pressure

U

is the mean glottal flow

ag = is the nean glottal area.

"V is the nean air particle velocity. The driving
power of the vocal folds Pf and the power in the air stream
Pa are both proportional to a surface area and a velocity.
For Pf, the surface area is the nedial surface of the vocal
folds, whereas for Pa the surface area is the glottal area.
The ratio LT/ag woul d typical be on the order of 1:10 naking
the two powers of conparable size. It is clear of course,

that Pf nust always be less than Pa in order to naintain
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energy balance and vocal fold oscillation. The power
consuned by the vocal folds can be reduced by reducing the
tissue viscosity, that is, by maintaining the vocal folds in

a hydrated state.

Anot her nmaj or consuner of aerodynamc power is air
turbul ence at glottal exit. Jet formation in the
ventricular region causes a reduction in presure without a
concomtant increase in air particle velocity (8-10). The
separation of the air streamfromthe wvocal tract wall
results in Eddy currents, which dessipates aerodynamc
ener gy. A though it has been shown that this is a najor
| oss factor for steady flow conditions, it ie not clear that
pul satile flowis subject to the same degree of energy | oss.
Thus, it 1is difficult to estimate the nagnitude of the

turbulent losses at this tine.

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

with the two major glottal |osses discussed al ready.

"A this point, there is an insufficient anount of

know edge about the losses to predict an upper |imt of
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vocal efficiency. Could a highly trained singer reduces
tissue and air losses to a degree that 10-50% of the
aerodynamc power woul d be converted to radiated acoustic
power . This is an interesting question that deserves sone

I ntense research” (Titze, 1992).

Titze (1992) focussed on sone of the problens and
difficulties in defining vocal efficiency. One of the najor
problens with the traditional glottal efficiency calculation

I's the strong dependence of eg. on fundanental frequency Fo.

Titze 1.R 1992 derived equation
Pr = 2anoG fromP = PU = Psagu.
2 2

Thus: Eg. 2mF o G/PU this shows an F o dependence.
The traditional efficiency calculations are generally
favouring high pitched vocal productions, even though they
may be forced or strained in relation to low pitched vocal
producti on. Schutte (1992) considering the larynx as a
sound producing system it does not seem unrealistic to
speak  of the efficiency of its sound production.
Intuitively, one mght think that in patients wth
perceptively "bad voice", efficiency is |lower than in'good"
Voi ces where as trai ned voi ces, of course, can be expected

to have voice with the highest efficiency.
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Efficiency, in general terns is determned by the ratio
of sound power produced to the aerodynamc power desired
fromthe energy source. The sound power produced is related

to the sound pressure |evel mneasured.

According to Schutte (1992) one way the efficiency of
| aryngeal voice production is calculated by dividing the
produced sound pause by the supplied subglottal power.
Efficiency =1 [/ (P sub x r)

According to Schutte (1992) this is the best approximation

of efficiency.

Efficiency, in any case, is not the same as vocal
effectivity, which may be nore inportant from a clinica
perspective. Yet, this is a paraneter which is difficult to
define and perhaps inposible to quantify. Finally and
perhaps of paranount inportant to the issue of clinical
application, 1is the fact that neasurnment of efficiency do
not speak to issue of the long termhealth of the vocal
system Short-termgains in energy conversion mght easily
be obtained at the price of eventual injury or disorder.

Thus, great caution is advisable.
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According to Fritzell (1992) the vocal efficiency is
not synonynmous wth laryngeal efficiency, tuning of the
vocal tract plays an inportant role in determning the
radi ated acoustic power. Acoustic |oading on any source can
inprove its efficiency, and it is reasonable to assune that
vocal tract characteristics can be adjusted to optimze this
effect. Ideally, efficiency neasure should take into
account power losses in the laryngeal (nusculature for eg.
in antagonistic contraction) and in the chest wall system
A major problem then, is obtaining estimates of the

conponents of the overall efficiency.)

Titze (1992) has given the recommendation for

nmeasurenments for vocal efficiency:

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

rel ative frequency |evel.

2) Wthin a restricted range, efficiency also tends to

increase with intensity. Hence, standardization of test

intensity levels is also inportant.
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3) Because efficiency mght change in neani ngful ways as a
function of speech task duration, it will be wuseful to
devel op test procedures that are the vocal equivalent of
thread mll tests, wth multiple determnation of

efficiency taken as the test procedure.

Thus, the reviewof literature shows that the studyof
aerodynamc process interns of vitalcapacity, peakair flow
rate and Vocal efficiency provide useful insight to the
understanding the process of voice productionand its

di sorder.



VETHONNnnMv

METHODOLOGY

The present study ains at analyzing the aerodynamc
features of voice of normal healthy adults.

The met hodol ogy of the present study is described under
the foll ow ng headi ngs:
1) Subjects
2) Instrunentation
3) Calibration
4) Test environnment

5) Test procedure
1) Subj ects:

Sixty normal adults (30 nmales and 30 femal es) between
the age of 15 and 25 years (Mean age 20 years) were
sel ect ed. The selection of the subjects were on the basis
of the following criterion.

-> Absence of any respiratory, speech and/or heari ng
abnormality.

-> No URI or any laryngeal problem

-> Normal vocal functioning (determned by interviewng the

subj ects and col l ecting histories of vocal usage).
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2) Equi pnent:

Aer ophone 11 (voice function analyzer (Kay Elenetrics,
F.J. Electronics, Ellebium 21 DK-2950 Vedback, Denmark) is
a new equi pnent devel oped to nmeasure aerodynam c paraneter

It will be used for the present study.

3) Calibration:

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

and during the study.

4) Test Environnment:

The equi pnent was installed in one of the sound treated
room of the Speech Sciences Laboratory, Departnent of Speech
Sciences, All India Institute of Speech and Hearing, Msore,
where the noise level was mninmmand did not interfere with

the testing and recording.

5) Test procedure:

Each subject was nade to sit confortably on a chair and

then neasurenents was carried out. The instructions were
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given verbally and the same was also displayed in the
conputer nonitor.

Fol | owi ng procedures was used to neasure the paraneter.

Experinent-1. Peak Fl ow

Step-1 : Following the instructions given in the manual, the
settings were nade in programme and were Kkept
constant for all subjects.

-> Flow head used was F 1000 LS with the pressure
setting of 5.0 L/-S.

Step-2 : The following instructions was given to the
subject. "Take a deep breath and then exhale as
fast and abrupt as possible in order to obtain
the maximumflow, you will repeat this 3 tiness.
Try your best". Denonstration was also
provided and whenever the subjects had doubts
they were clarified.

Step-3 : Wien the nmask was hel d over the face covering the

mout h and the nose, care was taken that there was
no air | eakage through the mask during the

measur enent .

Here the subject was nade to exhale fast and abruptly.
Three trials were given for each subject. The highest score

was considered the peak flow for the subject.
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Experinment-2 : Vital Capacity

St ep- 1:

St ep- 2:

St ep- 3:

The

The settings were nade in the programe as per the
instructions given in the manual and was kept
constant for all the subjects.

Flow head F 1000 LS was used with the pressure

setting of 5.00 L/S.

The instructions given to the subjects were as
foll ows:

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

repeat ed and al so denonstrations were nade.

Wien the nmask was held over the face covering the
nmouth and nose care was taken that there wll be
no air |eakage through the nmask used during the

nmeasur enment .

subject exhaled into the mask and the data was

stored in the conputer. Each subject was given three trials

and the highest values was considered the vital capacity

for that subject. Thus vital capacity was measured for all

t he subjects of both the groups.
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Experi nent - 3: Maxi num Sustain Duration

St ep- 1:

St ep- 2:

The follow ng settings were made in the programe as
per the instructions given in the manual which were
kept constant for all the subjects.

Flow head F 1000 LS was used with the pressure

setting of 500 L/S.

Pitch level was set to 256 Hz. for fenales and 128

Hz for males. The intensity range of 75-85 dB for
both males and fenales. The programme  had
facilities to produce a pure tone at desired
frequency (128, 256 Hz) and also to show t he
intensity level 1inreal tine 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 followi ng instructions were given to the subject
“"Now you are going to hear a tone produced by the
conput er. Please take a deep breath and try to
produce 'a' matching the tone and also try to
maintain the |oudness. You can use this |evel
I ndi cator (conputer nonitor) to nmaintain a | oudness.

Try to say "a" as long as possible.
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St ep- 3:

Simlar to earlier experinments the subject was nade
to phonate into the mask (after placing it over the
face covering the nouth and nose, taking care that
no air |eakage occurs). The conputer stored the

data. Thus data for the subjects were coll ected.

Experinment-4: Vocal Efficiency

St ep- 1:

St ep- 2:

To assess the vocal efficiency it was necessary to
neasure the supraglottal and the subglottal air
pr essur es. As the equipnent is capable of
measuring pressures, this experinent was designed
to neasur e t he subgl ot t al presure by
asking the subject to wutter /[ipi/ as /p/ is
an unvoi ced 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 vari ati ons duri ng,
phonat ory and non- phonatory conditions ie. /i/ [p/
['i/ were be neasured by placing a specially nade
smal |l rubber tube (which was connected to the
pressure transducer of pneunotachograph of the
Aerophone) in the oral cavity.

The followng instructions were givento the

subject : Nowthis tube (pointing to the tube) wll
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be placed into your nouth. Please see that this is
I n between your cheek and teeth and see that you do
not bite it at any tinme. And then say /ipi, ipil/,
using your confortable voice as long as you can".
This was foll owed by denonstrati on.

Step-3: The tube was placed into the nouth of the subject
and the subject uttered /ipi/ /ipi/ as long as
possible at confortable pitch and [ oudneas. The
data was recorded and stored in the conputer.
Three trials were provided to each subj ect .
Wenever the perfornmance was not sati sfactory

necessary instructions denonstration were repeated

to obtain data for each subject.

Thus all the subjects wunderwent all the four
experinents and data was collected for each subject. The
data collected and stored in the conputer for each subject
under each experinent was retrieved on the screen and wth
the help of tw cursors the satisfactory i.e; the data
whi ch had net the requirenents of |evel, portion of the data,
was mnarked and then the conputer calculated the val ues.
Thus from the data collected under each experinent the

fol | ow ng nmeasures wer e obt ai ned:
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Experiment - 1. Peak Fl ow
-> Maxi num Peak Fl ow
-> Vol une
-> Duration
Experinment - 2: Vital Capacity
-> Maxi num Fl ow Rat e
-> Vital Capacity
-> Duration
Experiment - 3: Maxi num Sust ai ned Phonati on
-> Maxi num Fl ow
-> Vol ure
-> Maxi mum Phonati on Ti nme
-> Phonati on Quoti ent
-> Mean Air Flow Rate
-> Mean SPL
-> SPL Range.
Experinent - 4: Vocal Efficiency
-> Peak Fl ow
-> Vol une
-> Duration
-> Phonati on Fl ow Rate
-> Phonati on Mean SPL
-> Pressure

-> Power
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-> Efficiency

-> Resi st ance

"T test was used to analyze the data of each measure
to verify the hypothesis. Measurenents on three subjects
from each group were repeated in order to check the

reliability.

The data collected were found to be reliable. Then the
data was subjected to descriptive and inferential
statistical analysis. The results are presented in the

foll owi ng chapter
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BLOCK DIAGRAM OF DATA COLLECTION OF AEROFHONE II
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RESULTS AND DI SCUSSI ON

Peak Fl ow

Peak air flowis defined as the highest volunme per

second of expiration attainable by a patient.

Study of Table-1 and Il and Gaph 1 and 2 show the
peak flow of both male and fermale popul ation. The
exam nation of tables and graphs showed that nal e had hi gher
peak flow and volunme when conpared to that of fenale
popul ation. The mean val ue of peak flow and vol une was 5. 91
/s and 3.75 cc wth a standard deviation of 1.54 and 1.53
in males to that of 4.08 cc and 3.03 cc in fenales. Wth
the standard deviation of 1.18 and 0.75. Furt her
statistical analysis wusing 't' test (NCSS statistica
software package) showed that there was a significant
difference between nales and fenales in terns of peak air
flow Thus hypothesis stating that there was a significant
difference between nmales and fenales in terns of peak air

flowwas rejected at 0.05 | evel.

Exam nation of graph-3 showed hi gher duration value in
females ie.2.32 sec. than in case of nmales where it was 2.11
sec. Statistical test showed no significant difference

anong the sex. Thus the hypothesis stating that there is
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Tabl e-1: Mean, Standard Devi ations and range of naxi num peak
fl ow vol ume and duration in mal es.

Maxi mum peak fl ow Vol une Dur ati on
(x 100 cc) (sec)
Mean 5.911 3.76 2.11
St andar d 1.539 1.53 0.77
devi at i on
M ni num 1.98 1.13 1.3
Maxi num 7. 96 7.70 4.7

Tabl e-11: Mean, Standard Devi ations and range of nmaxi num
peak flow volune and duration in fenal es.

Maxi mum peak fl ow Vol une Duration
(x 100 cc) (sec)
Mean 4.08 3.03 2.32
St andar d 1.18 0.75 0.59
devi ati on
M ni nrum 1.04 1.95 1.48
Maxi num 5 5. 167 3.84

no significant difference between nmales and fenales interns

of peak air flow volunme was accepted at 0.05 |evel.

Exam nation of Tables I, Il and Graphs 1, 2, 3 showthat
there is a significant difference between males and fenal es

in terns of maxi mum peak flow and vol une and no significant
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difference in duration between the sex. This finding is in
contrast with the study by Salaj (1994) and Jothinder
(1994) who had reported that nean peak air flow and vol une
as 12.57 1/s and 4.09 cc in males and 8.942 1/s and 2.44 cc
in females. Jothinder (1994) reported nean peak air flow
and volune of 6.79 1/s and 1.67 cc in nmales and simlarly in
case of fenmales a nean of 3.80 1/s and 0.9 cc in a period of

1. 13 sec.

Thus the peak flowrate for normals is 591 1/'s and
4,08 1ls in nmales and females wth a volune of 3.75 cc and
3.03 cc innmales and fenales respectively. Hence, it was
concluded that the nmales show higher peak air flow than

females within the same peri od.

Vital Capacity:

It is the maxi rumvolune of air which can be exhaled
foll owi ng deep inhalation by an individual. Thi s has been
neasured in both nmales and fenmales and results are presented
her e. The nean, standard deviation, range of vital
capacity and duration for both nmales and fenmales are given
in Tables Il and IV and G apha 4 and 5 respectively. Study

of tables and graphs showed higher vital capacity in mnales
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Tabl e-111: Mean, Standard Deviations and range of vital
capacity and duration in nales.

Vital Capacity Dur ati on
(x 1000 cc) (sec)
Mean 2.9 1.73
St andard 0. 69 0. 88
devi ation
M ni mum 1.5 0.7
Maxi num 4.25 4. 36

Table-1V:  Mean, Standard Deviation and range of vita
capacity and duration in fenal es.

Vital Capacity Dur ati on

(x 1000 cc) (sec)
Mean 2.1 1.77
St andar d 0.28 0. 68
devi ati on
M ni num 1.61 1.04
Maxi num 2.78 4/ 56
than in females. |t was found to be 2.9 cc in males and 2.1

cc in females wth standard deviation of 0.69 and O0.28
respectively. To study the significance of difference
between mnales and fenales with respect to vital capacity,

"t test was conducted. The results revealed significant
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difference between nales and fenal es, males having higher
vital capacity than fenal es. Thus the hypothesis, stating
that there is significant difference betwen nales and

females was rejected at 0.05 |evel.

Exam nation of Table 1V and graph 5 showed higher
duration in females than males. The nean duration for
which, this volunme collected 1.77 in fenales wth a Standard
Deviation of 0.69 and the mean was 1.73 in nales wth a
Standard Deviation of 0.88. Statistical test showed no
significant difference anong the sex in terns of vital
capacity. Thus the hypothesis stating that there is no
si gni fi cant difference between nmales and fenales was
accepted at 0.05 |evel. The results of the study is

conpared with that of other's findings.

The results of the study indicate that the vita
capacity was nore in males than in fenales, simlar
findi ngs have been reported by Fairbanks (1980) Luschsi nger
(1965), H rano, Koike and Van Leden (1968), Sheela (1974),
Jayarama (1975), Jain and Ranamiah (1979), Verma, et al.
(1982), MNataraja and Rashm (1984), Krishnamurthy (1986),
Sudhir Banu (1987), Salaj (1994) and Jothinder (1994).
Vital capacity neasured was within +/- 300 cc for both nal es

and fenmal es when conpared with other reports.
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| nvestigators Mal es Femal es

Sheel a (1974) 2.6 cc 1.6 cc
Jayaranma (1975) 3.1 cc 2.2 ccC
Nat araj a and Rashm (1984) 2.9 cc 1.7 cc
Kri shnamurthy (1986) 3.1 cc 2.2 ccC
Sudhi r Banu (1987) 2.9 cc 2.1 cc
Sal aj (1994) 4.8 cc 3.1 cc
Jot hi nder (1994) 3.4 cc 2.3 cc
Present study (1995) 2.9 cc 2.1 cc

Tabl e-5: Mean vital capacity in cc reported by various
i nvesti gators.

Thus, the vital capacity for nornmals is 2.9 cc and 2.1

cc in males and fenal es respectively, in Indian popul ation.

Maxi mum Sust ai ned Phonati on:

Maxi num sustain phonation duration (MSPD) has been
defined as the maxi numanount of tinme an individual can
sustain phonation after a maxi num i nhal ati on. The val ues
obtained for males and fenales for this paraneter is
presented . The nmean, standard deviation, range of vol une,
phonation tine, nmnean air flowrate and SPL range during
phonation in nales and fenales are also given in Tables VI

and VI1 and Graphs 6, 7, 8 and 9 respectively.
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Tabl e-VI: Mean, Standard Deviation and range of Maximum
Sust ai n Phonati on vol une, phonation time, MAF rate
and SPL range in nal es.

Vol urne Phonat i on MAF RAL e SPL Range

ti me(sec) /s (dB)
Mean 1.92 15. 28 0.14 21. 45
St andard 0. 84 3.44 5.97 13. 48
Devi ati on
M ni mum 0. 16 9.28 0. 017 5.8
Maxi mum 3.31 20. 2 0. 323 43.6

Table-VI1:Mean, Standard Deviation and range of Maxi mum
Sust ai n Phonati on vol une, phonation time, MAF rate
and SPL range in femal es.

Vol une Phonat i on MAF RAL e SPL Range

ti me(sec) s (dB)
Mean 1.09 10. 61 0.12 25.61
St andar d 0.49 1.84 8. 62 13. 68
Devi ati on
M ni mum 0.34 8 0. 002 2.8
Maxi mum 2.49 16. 84 0.49 44. 2

The Tabl es show t he nean volume of air collected during
a maxi num phonation duration of 15.28 sec. at maxinmm
sustained phonation, has been 1.92 cc for nmales with a

standard devi ation of 0.84 whereas in females it ranged from
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0.34-2.49cc nean of 1.09 cc with a standard deviation of
0. 49. The admnistration of 't' test has shown a
significance diference between nales and fenales in this
paranmeter. Thus, the hypothesis stating that a significant

difference between nales and fenales was rejected at 0.05

| evel .

Salaj (1994) has reported that volune of air expired
had a nean of 58.02 and 56.89 in males than in fenales
respectively. Jothinder (1994) reports a nean volunme of
17.7 and 0.94 in nales and fenales respectively , Dboth

studies and present one show a significant difference

bet ween nal es and fenal es.

Further study of val ues of phonation tine as given in
Tables VI and Vi1 and Graph 7 show that the nal es had a nean
maxi mum sustai n phonation tinme of 15.28 sec. wth a standard
deviation of 3.44 the phonation range from 9.28 to 20.2
secs. Wereas in fenales it ranged from8 to 16.84 sec.
wth the nean of 10.61 sec. wth a standard deviation of
1.9 Statistical analysis showed a significant difference
between nales and fermales at 0.05 level. Hence hypothesis
stating that there is a significant difference between nal es

and females in terns of phonation tine was rejected.

66



Exam nation of Tables VI and VII and G aph 7 show that
there is a significant difference between males and fenales
in terns of maxi mum phonation duration. The results of this
study is in consonance wth reports nmade by Ptacek and
Sander (1966; Yanagi hara (1966); Yanagihara and Koike
(1967); Hrano, et al. (1971); Beckett et al. (1971).
Ptacek et al. (1975); Jayarama (1975); Tait and Mche
(1977); Krishnamurthy (1986); Salaj (1994) and Jot hi nder
(1994). Al'l  studies have shown significant difference
between nmal es and fenales which is confirned in the present
study, the results of the present study also lie wthin this

r ange.
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| nvest i gat or Mal es Fenal es

Suzuki (1944) 24. 8 17. 4
Pt acek and Sander (1963) 25.7 17.9
Sawashi na (1966) 29.7 20. 3
Yanagi hara et al. (1967) 31 17
Hrano et al. (1968) 34.6 25.7
Shi genori  (1977) 30.1 17.0
Sheel a (1974) 24.2 17.0
Jayarama (1975) 22.2 16. 6
Vanaj a (1986) 22.2 16. 49
Kri shnanurthy (1986) 24. 63 18. 17
Nataraj a (1986) 22 15. 25
Sudhi r Banu (1987) 14. 6 13.5
Sal aj (1994) 23.9 21. 16
Jot hi nder (1994) 12. 8 9.6
Present study (1995) 15. 28 10. 61
Tabl e-MII'1: Mean MPD during nmaxi mum sust ai ned phonation (in

secs) of vowel /a/ reported Dby various
I nveti gators.
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Mean Air Fl ow Rate ( MAF)

Mean air flowrate has been defined as the ratio of
total volunme of air collected during maxi num sustained

phonation to the duration of sustained phonation (cc/sec.)

Exam nation of Tables VI and VII and G aph 8 show nean
air flowrate in male and fenal e popul ation. The nean of
nmean air flowrate for the normal nmale group was 0.14 cc
with a standard deviation of 5.97. 1In case of fenales nean
air flowrate was 0.12 cc wth a standard devi ati on of 8.62.
A conparison of males and fenmal es group by T-test indicated
presence of no significant difference between the two groups
interns of nean air flowrate. Thus hypothesis stating that
there was no significant difference between nales and
fenales in terns of nmean air flowrate was accpted at 0.05

| evel .

The results of 't' test conparing normal nmales wth
fenmal es reveal ed nosignificant difference between the two
gr oups. Simlar findings have been reported in the
literature Yanagi hara et al. (1966) Isshiki (1967); Hi rano,
et al. (1968); Yoshioka et al.(1977), Jayarama (1975),
Kri shnanurthy (1986), Nataraja (1986), and Sudhir Banu
(1987).
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Thus, the nean air flowrate is 140 cc/sec

cc/sec in nmales and fenal es respectively.

and 120

| nvest i gat or MAF in males MAF in femal es
Yanagi hara et al. (1966) 112 100

I sshiki et al. (1967) 123. 1 133. 1
Hrano et al. (1968) 101 92

Yoshi oka et al. (1968) 96 97
Jayarama (1975) 142 123.55
Krishnanurthy (1986) 105. 79 98. 34

Nat araj a (1986) 113 116. 43
Sudhi r Banu (1987) 125. 68 112.5
Present study 140 120

Table-1X: The nean of nean air flow rate

(cc/sec) during

maxi mum sustai ned phonation reported by various

| nvesti gat ors.
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females in terns of nmean SPL at 0.05 | evel. Thus hypothesis
stating that there is no significant difference between

males and fenmales in terns of nmean SPL was accept ed.

Examnation of Gaph 9 showed higher SPL range in
females than males. This finding is in contrast wth the
study by Jot hinder (1994) who had reported nmean SPL of 22.84
and 32.8 dB in mal es and fenal es respectively. Salaj (1994)
reports higher SPL range in nmales than in fermales a nean of
23.17 dB and 23 dB in nales and fenal es respectively. but
on statistical analysis all 3 studies showed no significant
difference between nales and fenal es. These differences

may be due to experinental variations.

Thus the nean SPL for nornal nmales and fenmales is 21.45

and 25. 61 respectively.

71



Vocal efficiency:

Vocal efficiency or glottal efficiency has been defined
as the relation between the acoustic output power and the

aerodynam c input power.

This has been nmeasured inbothnmales and fenales and

results are presented here.

The nean, standard deviation and range of peak flow
rate, volune, duration, nean SpL, air pressure, power,
efficiency and glottal resistence for both nmal es and fenal es
are giveninTables X and XI and Graphs 10, 11, 12, 13, 14, 15,
16 and 17 respectively.

Study of Tables X and XI and Graphs 10 and 11 show the
peak flow rate and volume for both nale and fenale
popul ati on. The exam nation of tables and graphs showed
that higher peak flow and vol ume when conpared to that of
femal e popul ati on. The nean val ue of peak flow rate and
volunme was 0.79 1/s and 0.73 cc wth a standard deviation of
0.39 and 0.81 in nales to that of 0.46 /s and 0.43 cc wth
a standard deviation of 0.26 and 0.34 in fenal es. Fur t her

statistical analysis using 't' test showed that there was a
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Tabl e-X:  Mean, Standard Deviation and range of vocal
efficiency in mal es.
Mean Standard M ninmum  Maxi num
Devi ation

Peak flow (1/5s) 0.79 0.39 0. 04 1.71
Vol une (1) 0.73 0.81 0. 06 3. 27
Duration (sec) 1.26 0. 88 0.41 2.84
Mean SPL (dB) 74.13 4.03 66. 8 82.4
A r pressure 1. 96 0. 87 0. 65 4. 64
(cnmo)

Power (Watt) 0. 09 8. 62 0. 009 0.34
Efficiency (PPM 40. 04 16. 84 13. 32 85. 81
Resi st ance (ns/ns) 6. 78 3.45 1. 07 14. 02
Tabl e-XI: Mean, Standard Deviation and range of vocal

efficiency in fenal es.
Mean Standard  Mninum  Maxi num
Devi ati on

Peak flow (1/s) 0. 46 0. 26 0.11 1.12
Vol une (1) 0.43 0.35 0.02 0. 45
Duration (sec) 2. 68 1.77 0. 28 7.2
Mean SPL (dB) 69. 79 6. 19 58. 7 82.8
Alr pressure 1. 63 0. 57 0.7 3.99
(Ont20)

Power (Watt) 0.04 6. 54 0. 002 0.35
Efficiency (PPM 38. 24 17. 28 8. 86 70. 87
Resi st ance (ns/ ns) 9. 63 5.85 2.94 19. 85
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VOCAL EFFICIENCY — PEAK FLOW

D T
Malesa Femalsg

0 mgn 0 Low B-mm;]

Graph: Shows mean and average values of vocal effecience flc

VOCAL EFFICIENCY — VOLUME

2.5

0 . .
Males Females

D High D Low ‘E‘ Cloge

Graph: 11 Shows mean and average values of vocal effecience volu

1T3cn



significant difference nmales and fenales in terns of peak
flow rate. Thus hypothesis stating that there is a
significant difference between males and fermales in terns of
peak flow rate was rejected at 0.05 level and at 0.05 |evel
there was no significant difference between nmales and

fenales in terns of vol une was accept ed.

Exam nation of tables X and XI and graphs 10 and 11
show that there was a significant differnce between nales
and fenales in terns of peak flowrate and no significant
differnce in volume between the sex. The peak flow rate
findings is in contrast with the study by Salaj (1994) who
had reported that mean peak flowrate of 2.79 1/s and 2.65
1/sec. in males and fenmal es respectively and contradictory
results fromJothinder (1994) who reported no significant
difference between the sex. The nean peak flow rate for
males and fermales was 1.09 1/'s sec and 0.32 1/sec

respectively.

The total volune of air collected during the utterance
of /ipi/ [ipil findings is in contrast wwth the study by
Jothinder (1994) a nean valunme of 0.61 1 and 0.44 1 and in
mal es and fenal es respectively. Were study by Salaj (1994)

showed significant difference between nmales and fenales.
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The nean volune in males and fenales was 0.87 1 and 0.76 1

respectively.

Thus the peak flowrate and volune for normal nmales is
0.799 1lUs and 0.73 1 and in females 0.46 1/s and 0.43 1

respectively.

Study of Tables X and XI and Graph 12 show the duration
for both mnmale and fermale population. The examnation of
tabl es and graph showed nean duration of 1.26 sec. and 2.67
sec. innmales and fenmales wth a standard deviation of 0.88
and 1.77 respectively. Statistical analysis using '"t' test
showed a significant difference between nales and fenales in
terns of duration. Thus hypothesis stating that there is a
significant difference between nmales and fenmales in terns of

duration was rejected at 0.05 |evel.

Examnation of tables and graph show that there was a
significant difference between nales and fermales in terns of
duration. This finding is in consonance with the reports by
Salaj (1994) and Jot hi nder (1994). Thus vol unes have been
collected in nean duration for nales are 1.26 sec. and 2.67

sec. in fenal es respectively.
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VOCAL EFFICIENCY — DURATION
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Tables X and XI and G aph 13 show the nean SPL for both
mal e and fenale popul ation. Examnation of tables and
graph showed that mal es had hi gher nean SPL when conpared to
that of femal e population. The nean value of SPL was 74.13
wth a standard deviation of 4.03 in nales. Wereas fenal es
had nean values of 69.9 with a standard deviation of 6.19.
Statistical analysis using 't' test showed that there was a
significant difference between nales and fenales in terns of
mean SPL at 0.05 level. Thus hypothesis stating that there
Is a significant difference between nmales and fenales was

rej ect ed.

The results of the study indicate that the nean SPL was
higher in nmales than in females, simlar findings have been
made by Salaj (1994) who had reported nmean SPL for 31.39 and
73.96 in males and fenal es respectively with a significant

di fference between the sex.

Thus the nmean SPL for nornals is 74.13 and 69.9 i nnal es

and fenal es respectively.

Study of Tables X and XI and G aph 14 showthe glotta
pressure for both nmale and fenal e popul ati on. The glottal

pressure or subglottal pressure is considered to be
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approximately equivalent to the oral pressure during the
production of /p/ ipipi where the glottis is wide open. The
mean of the glottal pressure neasured thus for the two
groups of subjects, nales and fenal es, have been 1.96 cmHo0
and 1.63 cmHo0 with standard deviation of 0.87 and 0.57
respectively. Statistical analysis using 't' test showed
that there was no significant difference between nales and
females in terns of glottal pressure at 0.05 |evel. Thus
hypothesis stating that there is no significant difference

bet ween the sex was accept ed.

Jot hi nder (1994) who had reported nmean gl ottal pressure
of 2.45 and 1.56 cmHo0 innmales and females wth no
significant difference between males and fenales supports
the results of the present study. Contradictory to the
present study Salaj (1994) reports a nean of 5.6 and 4.63 cm
H2o0 in males and fermales with a significant difference

bet ween nmal es and f enal es.

Tables X and XI and G aph 15 show vocal efficiency nmean
power for both male and fenal e popul ation. Subglottal power
(erg/sec) represents the product of subglottic pressure
times the air volume velocity through the glottis.
Exam nati on of tables and graph showed that nal es had hi gher

power than femal es. The nean power was 0.085 and 0.043 with

77



a standard deviation of 8.62 and 6.54 respectively in males
and fenal es. Statistical analysis showed a significant
differnce between males and fenales. Thus  hypot hesi s
stating that a significant difference between nales and

femal es was rejected at 0.05 | evel.

Exam nation of tables and graph show higher value 1in
males than in females with a significant difference between
the sex. This finding is in contrast wwth the study by
Salaj (1994) and Jot hi nder (1994) who had reported a nean of
0.75 and 0.18 in nales where it was 0.48 and 0.028 in

femal es respectively.

Thus the vocal efficiency power for nornmal nales and

females is 0.085 and 0.043 respectively.

Vocal efficiency or glottal efficiency is the relation
bet ween the acoustic output power and the aerodynamc i nput
power . Tables X and XI and Graph 16 show vocal efficiency
for both mal e and fenal e popul ati on. Exam nation of tables
and graph showed hi gher efficiency in nmales than in fenales.
The nmean of 40.04 ppmwi th a standard deviation of 16.84 in
mal es. In femal es the nean val ues were 38.24 ppm wth a

standard devi ation of 17.28. Statistical analysis using 't'
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test showed no significant difference between nales and
fenales at 0.05 level. Thus hypothesis stating that there
was no significant difference between nmales and fermal es was

accept ed.

Exam nati on of Tables and graph show that there was no
significant difference between the sex and slightly higher
values in males than in females. The result of this study
IS 1n consonance wWth report made by Jothinder (1994)
according to which a nmean of 87.07 and 76.09 in nmales and
females were noticed. But reports of the study by Salaj
(1994) has shown that there was a significant difference
between the sex wth a nmean of 0.23 and 1.05 in nmles and

f emal es.

Qottal resistance is the maxi num subglottal air
pressure by the air flowrate through glottis. Tables X and
Xl  and Gaph 17 show the glottal resistance for both nale
and fenmale and graph showed higher nean resistance in
females than in males with a nean val ue of 9.63 dyne sec/cn8
wth a standard deviation of 5.85 in females , where as
mal es had a nmean value of 6.78 with a standard devi ation of
3.45. Statistical analysis showed a significant difference

between nales and fenales at 0.05 level . Thus hypothesis

79



stating that there is a significant difference between the

sex was rej ected.

The result of the study indicate the mean resistance
was higher in fenmales than in males , simlar findings have
been made by Jothinder (1994) who had reported nean
resistance of 34.14 and 26.85 dyne sec/cnB in fenmale and

mal e popul ation respectively.

Thus the glottal efficiency nean resistance for nornal
was 9.63 and 6.78 dyne sec/cnB in femal e and nal e popul ation

respectively.



Tabl e- Xl I : Normative data of
males in the age range of

aer odynam c
15-25 vyears using

paraneters for

Aer ophone |1

Aer odynam c Mean D M ni nrum  Maxi mum
par anet er s
1. Peak Fl ow
-> Peak flow 5.911 1.5391 1.98 7. 96
-> Vol une 3.76 1.53 1.13 7.70
-> Duration 2.11 0.77 1.3 4.7
2. Vital Capacity
-> Vital capacity 2.90 0.69 1.50 3.31
-> VC duration 1.73 0.88 0.7 4. 36
3. Maxi num

Sust ai ned

phonat i on
-> Vol ume 1.92 0. 84 0.16 3.31
-> MPT 15. 28 3.44 9.28 20. 2
-> MAF rate 0.14 5.97 0. 017 0. 323
-> SPL range 21. 45 13. 48 5.8 43. 6
4. Vocal

efficiency
-> Max.flowrate 0.79 0.39 0.04 1.71
-> Vol une 0.73 0.81 0. 06 3.27
-> Duration 1. 26 0. 88 0.41 2. 84
-> Mean SPL 74.13 4.03 66. 8 82. 4
-> Mean air pressure 1.96 0. 87 0. 65 4. 64
-> Mean power 0. 09 8. 62 0. 009 0.34
-> Mean efficiency 40. 04 16. 84 13. 32 85. 81
-> Mean resi stance 6. 78 3.45 1.07 14. 02




Table-XI'I1:Normative data of aerodynamc paraneters for
females in the age range of 15-25 vyears using

Aer ophone ||

Aer odynam ¢ Mean D M ni mum  Maxi num
par anet er s
1. Peak Fl ow
-> Peak flow 4. 08 1.18 1.04 5
-> Vol une 3.03 0.75 1.95 5. 167
-> Duration 2.32 0.59 1.48 3.84
2. Vital Capacity
-> Vital capacity 2.10 0. 28 1.61 2.78
-> VC duration 1.17 0. 68 1.04 4. 56

Sust ai ned

phonat i on
-> Vol une 1. 09 0. 49 0. 34 2. 44
-> MPT 10. 61 1.89 8 16. 84
-> MAF rate 0.12 8. 62 0. 002 0.49
-> SPL range 25. 61 13. 68 2.8 44. 2
4. Vocal

efficiency
-> Max. flowrate 0. 46 0. 26 0.11 1.12
-> Vol une 0. 43 0.35 0. 02 0.95
-> Duration 2.68 1.77 0.28 7.2
-> Mean SPL 69. 79 6. 19 58.7 82.8
-> Mean air pressure 1.62 0. 57 0.7 3.99
-> Mean power 0.04 6. 54 0. 002 0.35
-> Mean efficiency 38. 24 17. 28 8. 86 70. 87
-> Mean resi stence 9.63 5.85 2.94 19. 85

Tables X | and Xl summarize the results of

aerodynam c paraneter values in adults both rmal e and fenal e.

The nmean, Standard devi ation and range are shown.

Resul ts reveal s that hi gher aerodynam c val ues in nal es

than in fenal e.
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robabi | i ty of aerodynam c

Table XIV: Mean, SD, t-value, |i)
paraneters between nales and females in the age

range of 15-25 years.

Aer odynam c Sex
par anet er s Mean D t-value propability
| evel

1. Peak fl ow

->Peak fl ow M 5.91
. 1.84

F 4,08 1.18 > 187 0 (9
->\Vol une M 3.75

v 35 (% %3 2.352 0.0221 (S
->Duration M 2.11

F 232 ode b 02585 (N9
2. Vital Capacity
->Vital Capacity M 2.9 0. 69

F 21 028 % o0 (9
->Durati on M 1.73

F 177 oes 242 0.8098 (NS
3. Maxi num

Sust ai ned

Phonati on
->Fl ow M 0.45

F o024 o1 *070 o001 (9
->Vol une M 1.92 0.84

F 109 g4 %% o0 (9
->MPT M 15. 28 3.44

F 1061 19 “512 o (9
->NAF rate M 0.14

! 8E g% o omaoe
->SPL range M 21.45

F 2561 %}:’ gg "11886 - 0.2402 (NS)



Aer odynam ¢ Sex  Mean SD t-value Probability
par anet er s | evel

4. Vocal Efficiency

->Fl ow M 0.79 0. 39 3.8079 0.0003 (9
F 0. 46 0. 26
->\ol une M 0.73 0.81 2.021 0. 0479 (NS
F 0.43 0.34
->Duraticn M 1.26 0. 88 3.3547 0.0014 (9
F 2. 67 1.77
->Mean SPL M 74.13 4.03 3.2208 0.0021 (9
F 69.78 6. 19
->Mean Air M 1.95 0. 87 1.6959 0.0953 (NS
Pressure F 1.63 0.57
->Mean Power M 0.085 8.62 2.0794 0.042 (9
F 0.043 6.54
- >Mean M 40.04 16.84 0.4076 0.6851 (NS
ef fi ci ency F 38.24 17.28
->Mean M 6.78 3.45 -2.1995 0.0318 (9
resi st ance F 9.63 5.85
S -> Significant
NS -> No significant
In the Table XIV 't' test was nade use of in

determning whether there was any significant difference
bet ween nal es and fenales with respect to aerodynam c val ues

at 5% level of significance and the results indicated no
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significat difference in vital capacity
andpeakf | ow

duraticn, phonaticn quotient. MAP rate, SPL range, nean air

at 0.05 level and rest

0.05 | evel

pressure  and nmean efficiency

Par anet ers showed significant difference at



SUMVARY AMD CONCLUSI ON

This study ainmed to establish norns for aerodynamcs
in male and female adults (15-25 years) which have been
found tobe providing useful information in the assessnent
and treatnent of voice disorders. A total of sixty nornal
adults (30 nales and 30 fenmales) in the age range of 15-25

years were taken for the study.

The paraneters neasured were:
-> Peak air flow
-> Vital capacity
-> Mean air flowrate, phonation tine, SPL range, phonation
quoti ent under maxi num sust ai ned phonati on.
-> Peak flow, volune, duration, SPL, pressure, voca
efficiency, nmean power and nean resi stance while uttering

lipil lipil.

The aerodynam c neasurenents were nmade usi ng Aer ophone-
Il ( Kay Henetrics Corp.). Mean values and standard
deviation for the paraneters were obtained for all the
subj ect s. The results were subjected to statistica
anal ysi s using paranetric statistical test. The follow ng

concl usi ons were drawn based on the statistical anal yses.
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1. Normative data for aerodynam c paraneters were obtai ned
for male and fermal e adul ts.

2. Conparison of aerodynam c val ues obtai ned reveal ed hi gher
values for nales in vital capacity, peak flow, voluneg,
MPT, MAF rate, nean SPL, peak air pressure and nean
power .

3. There was no significant differnce between nales and
females 1in vocal efficiency however males tend to have
hi gher val ue than fenal es.

4. Results revealed higher vocal resistance values in

f emal es than nal es.

Thus the purpose of the study of establishing nornms on
I ndian popul ation has been served. The data that 1is
obtained established nornms for nales and fenales ranging
from 15-25 years of which could further act as a diagnostic

t ool .

| npli cation:

1. The nethod can be used to develop simlar norns for
different age groups for nornal individual.

2. These paraneters can be used clinically and to study
these and other paraneters in |larger popul ation of sane

and different age groups.
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The results can be used as data to evaluate voice

di sorders for purpose of diagnosis.

The results can be UBed to eval uate the progress nmade by

cases during and after therapy.
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APPENDI X

The Voice Function Analyzer, Aerophone Il takes the
advantage of a sophisticated conbination of a hard-ware
transducer system wi th transducers for recording of air
flow air pressure and the acoustic signal, and a
conputerized data processing. All 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
I n/fout socket of an IBM Conpatible AT-or PS/'s conputer using
the DOS operting system and the patient's response is
I mredi ately sanpled 1000 tines 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 nay be extracted for
further statistical <calculations, as XY ©plots,or as
regression |ines. Several itens may 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 neasurenent and neasurenents of

phonati ons.



Special care is taken to provide calibrated recordings
from the Aerophone I1. During first-time set-up the
programme asks for the calibration factor to ensure that the
SPL values are exact (within +/- 0.2 dB SPL). If you
exchange the m crophone, a new SCQL calibration factor mnust
be read into the set-up file. The sensitivity of the air
pressure transducer is adjusted fromthe factory and does
not need any further adjustnment. 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. Byneans of the Aerophone Il it is passible to

register.

-> Maxi mum peakfl ow, and vital capacity.

-> The following information during sustained phonation:
Mninum nmaxi num and average sound pressure |evel,
dynam c range, volume of air used, duration, nean flow
rate and phonati on quotient.

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

-> Subgl ot t al pressure, glottal resi st ance, glottal

aerodynamc input power, acoustic output power and



glottal efficiency.

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

-> Average curves show ng summation of curves from cursor-
defined line up points and registration of t he
adduction/abduction rate of the glottis or the velum in

novenents per second.



