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| NTRODUCTI ON

Di agnostic procedures for voice disorder conprise teats
that elicit information regarding the actual process of voice
production and the nature of the sound generated. The purposes
of the diagnostic procedures are: (i) To determ ne the cause
of a voice disorder, (ii) To determne the degree and extent
of the causative disease, (iii) To evaluate the degree of dis-
turbance in phonatory function, (iv) To determne the prognosis
of the voice disorder as well as that of the cause of the dis-
order, and (v)To establish a therapeutic programe.

Dysphoni a occurs as a result of disordered respiratory
and | aryngeal function, these two functions being interdependent
In the production of voice. The disturbance of function of the
respiratory conponent is seen as an alteration in the efficiency
of the activator to provide satisfactory air support for norma
| aryngeal action and is conmonly acconpani ed by an associ at ed
organi ¢ laryngeal nanifestation, speech therapy intervention
to renedy thedisorder of function in the use of voice can satis-
factorily reverse the organic manifestation in noat voice disordered
cases. So the neasurenment of airflowhas gained inportance in
recent years. There are different ways of direct and indirect
assessnent, observation and/or measurenment of the paraneters
of voice. Aerodynam c neasurenents deal with the aerodynamc
factors. Mich of theliterature has indicated the inportance
of nean flow rate and maxi mum phonation tine neasurenents in
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assessing laryngeal function. Mean airflow fata has been
shown to be a reliable indicator of proper air usage during
phonation (Yanagi hara, Koi ke, and Von Leden, 1966). Mean
airflowrate is also related to the regul ation of pitch

and intensity (lsshiki, 1965; Isshiki and Von Leden, 1964,
Yanagi hara and Koi ke, 1967).

| wat a and VonLeden (1970) have reconmended t he use of
t he phonation quotient (the ratio of vital capacity to phona-
tiontine) as an indicator of air usage Wen nean airflow
rate cannot be directly measured. Hirano, Koike and VonLeden
(1960) have reported a significant correlation between phona-
tion quotient and nean air flowrate in normal adult subjects.

Therefore, the question of the suitability of sinple and
I nexpensi ve aerodynam ¢ neasuring devices for determning the
phonation quotient (permtting the estimation of mean airflow
rate) was paranount to this study.

Most clinical and research data reporting airflow paraneters
have been collected fromconventional respironeters or pneunota-
chographic - pressure transducer systens, which are both expensive
and non-portable. Many clinical settings are not presently
equi pped with such instrunmentation because of limted funds.

In the absence of fully instrunented |aboratory, vocal dys-
function is usually described interns of subjective and indicate
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sense inpressions. Variable sense inpressions are not easily
translated into useful nunerical data to neasure function,
rehabi litation progress, or for neani ngful, specific transm ssion
to medical specialists. Therefore it is necessary to assi st
t he person who nost evaluate vocal function w thout access

to laboratory facilities.

The purpose of this study is to establish sinple and
| nexpensi ve aerodynam c neasuring devi ce whi ch nay be used
in avariety of clinical settings for screening, diagnosis and

val i dati on of therapeutic progress.

The pur pose of the study was (a) to find out the possibili-
ties of predicting vital capacity based on hei ght and wei ght of an
i ndi vidual ; and (b) to predict nean airflow rate based on the
vital capacity (estimated) and naxi mum phonation durati on and

to val i date t he net hods.

30 nmal es (rmean age of 21.47 years) and 30 fenal es (nean age
of 20.8 years) served as subjects for the part (a) of the study.
Part (b) consisted of 15 nales (nean age of 23.43 years) and

15 fenal es (nean age of 19.67 years).

The vital capacity, height, and wei ght were neasured for
each subject. Based on height, weight, and vital capacity

' nonogr ans' were constructed. Then the phonation quotient, nean
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airflow rate obtained for each subject was conpared wi th nmean
airflowrates estimated (nmean airflow rate was estimated using
t he formul a gi ven by Ran and Beckett, 1984 i.e. MFR-77+. 236 PQ) .
Based on height and weight the vital capacity was estimated in
part (b) of the study. Then vital capacity and nean airfl ow
rates were obtained fromexpirograph also. The estinmated vita
capacity, phonation quotient, and nmean flow rates were conpared
w th obtained vital capacity, phonation quotient, and nean fl ow
rat* values. Then correlation coefficients were found out
bet ween t he obtai ned and estinmated val ues, which indicated high

positive correl ation between obtai ned and estinmated neasures.

Limtations:

1) the study included t he age range of 17 to 98 years only.
1) Frequency and intensity were net nonitored during phonation

nmeasur enent and nean airfl ow rate neasurenents.

Hypot heses:

1) There is a relationship between the vital capacity, and

hei ght and wei ght of an individual.

1) There is a significant correl ati on between phonati on quoti ent
and nean airflowrates in normal adult subjects, and nean airfl ow

rate can be cal cal ated usi ng t he phonati on quotient val ues.

Nul | Hypot heses:

1) There is no significant difference between nal es and

females interns of vital capacities.



i) There is no significant difference betwen nal es and
mal es interns of hei ght and wei ght.

Lii) There is no significant difference between nmal es and
femal es interns of maxi mumphonati on durati ons.

i V) These is no significant difference between vital capa-
city (obtained and estinmated) in males.

V) There is no significant difference between vital capa-
city (obtained and expected) is fenales.

Vi) There is no significant difference between phonation
guotients (obtained and estinated) in nales.

Vi) There is no significant difference between phonation
qguotient (obtained and estinated) in femal es.

viii) There is no correlation between phonetics quotient sad
mean airflowrates in mal es.

I X) There is no correl ati on between PQ and MRs in fenal es.

X) There i s no significant difference between MR(obt ai ned
and estimated) in nmales.

Xi) There is no significant difference between MFR (obt ai ned

and estimated) in fenales.

Inplications: (i) This study has shown that it is possibleto

find out VC based on hei ght and wei ght of an individual and
hence ean be used to calculate PQ Further the M-R can be cal cu-
| ated by using the formula gi ven by Ran and Beckett (1984). Thus

MFR can be used i nscreening, diagnosis, and to nonitor therap eutic
progress in case of dysphonics. It will be a sinple inexpensive
aer odynam c neasuring device, (ii) The nethod ean be used to deve-
|l op simlar procedures for different age groups.



2.1
REVI EW OF LI TERATURE

Every human society, no matter howprimtive, has devel oped
the ability to conmunicate through spoken and witten |anguage
andthis ability has frequently been cited as the single nost
inportant characteristic that sets human apart other aninals
(Qurtis, 1978).

Speech is a formof |anguage that consists of sounds by uti -
lizing the flowof air expelled fromlungs.

The sinple definition of voice states that the voice is the
"sound produced primarily by vibration of vocal folds". (Travis,
1957).

Several workers in the field have defined voice differently.

The definition offered by Judson and Weaver (1942) states that
"the voice is the laryngeal vibration (phonation) plus resonance".
And they cal | phonation as |aryngeal vibration,

Fant (1960) defines voice using the formula P-S. T in which
t he speech sound P, is the product of the source S, and the transfer
function of thevocal tract T.

Sone definitions of voice restrict the termto the generation
of sound at the level of the larynx, while others include the
i nfluence of vocal tract upon the generated tone, and still others
broaden and definitionto i nclude aspects of tone generation, reso-
nance, articulation and prosody.
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M chel and Wendahl (1971) define voice as "the |aryngeal
nodul ation of the pulnonic ait stream which ia then further

nodi fied by the configuration of the vocal tract".

The normal voi ce shoul d possess certain characteristics of
pitch, |oudness, and quality which will rmake the meani ng cl ear,
arouse proper enotional response to ensure a pleasant tonal effect

upon t he hearer (Berry and E sonson, 1962).

It is apparent that a' good' voice is a distinct asset and
a' poor'voi ce, may be an unfortunate handi cap. |If a person's voice
Is deficient enough in sone way that it is not a reasonably adequate
vehicle for comunication or if it is districting to the |istener

One can consider this as constituting a disorder.

In general, the followi ng requirenents can be set to consider
a voi ce as adequate: (i) The voice nust be appropriately |oud,
(ii) Pitch level nust be appropriate. The pitch | evel nust be
considered in terns of age and sax of the individual. Men and
wonen differ in vocal pitch level. (Children differ fromadults
intheir use of vocal pitch level, i.e. wth an age the pitch
changes, (iii) Voice quality nust be reasonably pl easant. This
criterion inplies the absence of such unpl easant qualities as
hoar seness, breat hi ness, harshness, and excessive nasal quality,
(v) Flexibility nust be adequate. It involves the use of both
pitch and | oudness inflection. An adequate voi ce nmust have suffi -

cient flexibility to express a range of differences in stress,
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enphasi s and nmeani ng. A voi ce which haa good flexibility ia
expressive. Flexibility of pitch and flexibility of |oudness
are not separable, rather they tend to vary together to a conai -

der abl e extent.

The above criteria are subjective as it iadifficult to
get agreenent on such terns as 'adequate', 'appropriateness',
and others. Nataraja and Jayaram (1982) propose & different
criteria to judge the normality of ("good') voice - "The good
voi ce i s one which haa opti numfrequency as ita fundanental
(habitual) frequency". It has been shown that there will be
maxi mum physi o- acouati ¢ econony at the |evel of the optimum

pi tch (Shashi kal a, 1979).

"I n normal voice production the vocal organs are (1) the
| ungs and trachea, which act as a bel |l ows and wi ndpi pe, (2) the
| arynx, a conpl ex organ which forns the generator, and (3) the
vocal cavities (vocal tract) which formthe resonator system
driven by the glottis —generator in the | arynx. These organs
make a unit, and it is not possible to understand the function
of the unit w thout a know edge of the properties of the conpo-

nents" (Van den Berg, 1958).

"The rol e of the larynx, the central voi ee organs, has upto
now been wi dely di scussed. In ancient tinmes, Glen (130-AR
t hought the trachea to be the central organ actingas a fl ute.

Dodart proved in 1700 that t he vocal originates in the |arynx.
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However, by anal ogy to nouth whistling, he thought that the
pi tch dependent upon the area of the glottis" (Van den Berg,
1950) .

Ferrein (1741) fromaninal experiments, proved that the
vibration of the vocal folds are essential and not of secondary

nat ure.

Functionally, the larynx is a valve and a second generator.
As a valve it regulates the flow of air into and out of the lungs
and prevents the entry of food inte the lungs. The two functions
are acconpani ed by a relatively conpl ex arrangenments of cartil ages,

muscl es and ot her tissues.

How it is agreed that the glottis is the first major con-
strictor involved in the process of formng speech. Airflow
passing through theglottis produces sounds when the vocal golds
are properly adducted. During voicing the folds open and cl ose,
produci ng quasi periodic airflow. It helps in producing different
tonal qualities (Brackett, 1971), i.e. the breathing apparatus
has been likened to a power supply for the sound -produci ng necha-

ni sm

The essential function of the Iarynx has been wi dely accepted,
but the controversy arised regarding the way the vocal cords are
set into vibration. There are two main theories of phonation
1) Moel astic - aerodynam c theory.

2) Neurochronaxic theory.
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These two theories of voice producti on have dom nat ed
much of the literature.

"The nyoel astic - aerodynamc theory postul ates that the
vocal folds are subject to well established aerodynamc principles
The vocal folds are set into vibration by the air streamfrom
the lungs and trachea, and the frequencK of vibration is depen-
dent upon their length in relation to their tension and nass.
These factors are regulated prinmarily by the delicate interplay
of the intrinsic |aryngeal nuscles. The nyoel astic - aerodynamc
theory was first advanced by Johannes Miller , 1843, and has
enj oyed popul ar acceptance ever since. Mnor nodifications of
t he theory have been suggested by Tonndorff (1925) and b

Smth (1954), but its salient features have renai ned uncKanged
t hrough the years" (Zenmiin, 1981).

Mor e recent nearo-chronaxi c theory (Husson, 1950) postul ates
that each new vibratory cycle is initiated by a nerve inpul se
transmtted fromthe recurrent branch of the vagus nerve* The
frequency of vocal fold vibration is dependent upon the rate of
i npul ses delivered to the |laryngeal nuscles. These theories
cannot be united and nodel s and anal ogs of the vocal tract,

di rect observations and phot ography of |aryngeal functions in
normal s and abnornal | aryngeas, anat om cal and hi st ol ogi cal evi -
dence, information from el ectronyographi c recordi ngs of |aryngea
nuscl es, as well as physical and theoretical data hel ps to
resol ve t he controversy between t he nyoel asti c—aer odynam ¢ and
neur ochronaxi ¢ theories of voice production. It has been shown

t hat the nyoel astl c-eerodynam ¢ theory provi des a straight
forward explanation of nost of the known phenonmena of voice pro-
ducti on, whereas there is not nmuch experinental evidence in support

of neurochronaxic theory and it is unable toexplaina |arge
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nunber of phenonena (van den Berg, 1958). Thus it is widely
accepted that the aerodynamcs plays on inportant role in

setting the vocal folds into vibration.

The three basic processes i.e. breathing, phonation, and
resonance operate not as three functions but as inseparabl e
aspects of one function. Anplification of sound wave woul d not
occur if thevocal cords did not produce vibrations. The air
supply or airflowis essential to set the vocal folds into vibra-
tion. Breathing, phonation, and resonance, therefore are insepa-
rabl e phases of one function —vocalization or voice producti on.

"The D.C. flowof air is converted into A.C. sound pul ses,
as during the production of sound the vocal cords are in the
adducted position. In this position, they vibrate alternately,
opening and closing the glottis for very short periods. Actually
it istheair current fromthe |ungs that separates the voca
fol ds and open the glottis. But as the air begins to streamout
through the narrowglottis, a suction takes place which draws the
vocal folds together again (the Bernoulli effect). Inmediately,
t he subglottic pressure again forces the vocal folds apart, and
the airstreamout throughthe glottis. The vibratory novenments
are perforned at a frequency, determned by, anmong ot her things,
the tension of the vocal folds. Their vibrato&% frequency in
tarn determne the frequency of the air puffs which are the
primary source of the sound® (Fletcher, 1959).

Thus the "Vocal sound is produced by therapid, periodic
opi ning and cl osing of the vocal cords that segnent a steady
expiratory airflowfromthe lungs into a series of air puffs or
pul sations. The frequency of thevocal fold vibrations (separa-
tion - apposition cycles) corresponds to the fundanental fre-
qguency (pitch) of the laryngeal sound, which then generates

hi gher harnonica (formants) as it passes through supral aryngeal



resonatory cavities. Voice intensity (loudaess or volune) is

| argl y dependent upon t he devel opnent of proportionately higher

| evel s of subglottic pressure. Fundanmental frequency (pitch)

I's increased prinmarilyby increasing vocal cord tension and | ength,
and secondarily, by increasing subglottal air pressure and el e-
vating the larynx. 1In addition, the rate of sound production
(energy per unit of tinme) islimted only by the lungs' capacity
to produce air flew (volune per unit of tinme). Vocal sound
production is therefore vitally dependent upon the forces of
expiration for the snooth and steady nai nt enance of subglottic
air pressures (Guld, 1971a, Gould, 1974; Gould and Ckanura,
1973; 1974)" (Darby, 1981).

It is necessary to understand various aspects of pul nonary

physi ol ogy described interns of different vol unes.

"Alr inthe lung is devided into four prinmary vol unes and
four capacities (which overlap the volunes) that are altered in
disease (Fig.l). The follow ng four volunes and capacities are
representati onal for a young adult nal e gi ven by Conr oe, Forster,
Dubois, et al (1962).

1. The tidal volume (TU=600cc) is the air noved in or out under
normal resting breathing conditions.

2. The inspiratory reserve volune (IRV = 3000cc) is the maxinal
amount of air that can be inspired fromthe end inspiratory
posi tion of quiet breathing.

3. The expiratoryreserve vol unme (IRV = 1200cc) is the maxi nal
amount that can be expired fromthe end expiratory | evel.

4. The residual volune (RV =1200cc) is the anmount which remains
inthe lung after maxi mal forced expiration

The vital capacity (vc=4800cc) is the maxi mal anmount which
can be expelled after tull inspiration. The total |ung capacity
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(TLC = 6000cc) is the anount of air in the lung after naxi nal
inspiration. The tined vital capacity (TVQ neasures the
rate at which the vital capacity (VO can be enptied fromthe
| ungs. For exanple, with torced expiration, 83%of the VC
(about 4000 cc) can be exhal ed i n one second and 94 % (about
4500 cc) within three seconds.

Thi s neasure of pul nonary function nmay al so be terned the
forced expiratory vital capacity (FEW and subdivided into
vol unes per unit tinme. The forced expiratory volune in the
first second exceeds the volune exhaled in the second second
in a series of pro%ressive vol une reductions through thefifth
(nornal? to seventh (obstruction) seconds. The forced expira-
tory volunme in the third second (FEV;) exeeds the volume in the

first second (FSV;) because FEV; sunmmates the air vol une
exhaled inthefirst, second, and third seconds.

The maxi mal breathing capacity (MBQ is the greatest
Ventilatory vol une a person can sustain for 12 seconds. Repre-
sentative values are 150 liters per mnute for nen and 100
liters per mnutes for wonen (H ckam 1963). The respiratory
systemhas substantive reserve capacity, as the testing breath-
ing rate is 12 breaths per mnute, noving only 7200 cc of air
per mnute". (Darby, 1931).

The anmount of air available for individual for the purpose
of voi ce phonati on depends upon the vital capacity of an

I ndi vi dual .

H rano (1982) states, whil e discussing the acrodynamc
tests, "The aerodynam c aspects of phonation is characterized by
four paraneters: subglottal pressure, supraglottal pressure,
glottal inpedance and the volune velocity of the airflow at the
glottis. The val ues of these paraneters varies during one
vi bratory cycl e according to the opening and closing of the glottis
These rapid variations in the val ues of aerodynamc paraneters
Cannot usual ly be nmeasured in |iving humans because of technical

difficulties".
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LUNG VOLUVES AND CAPACQ TI ES

Representation of a Spirographic tracing of |ung vol unes.
The sequence illustrates tidal volune, expiratory reserve
vol une, inspiratory reserve volune, andvital capacity.
The vertical box diagramillustrates representational

vol unes and capacities for an young adult nade.

IRV = Inspiratory reserve vol une;
TV = Total vol une;

ERV = Expiratory reserve vol une;
RV = Resi dual vol une;

VC = Vital capacity;

TEC = Total |ung capacity.

(Reproduced fromDarby, J. K, Jr., (Ed) "The interaction
bet ween Speech and Di sease". |n Speech Evaluation in
Medi ci ne, 1981 Grune and stratton, Inc, New York, 10003).
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As it is difficult to neasure these aerodynamc paraneters
nmost often the researchers and clinicians concerned with voice
production resort to the measurenment of vital Capacity and mean
airflow rate. These two paraneters are considered as inportant
measures, as they reflect (1) the total volume of air available
for phonation, thus indirectly depicting the condition of the
respiratory system(2) the glottal area during the vibration
of the vocal cords, interns of flowrate, which in turn woul d
showthe status and functioning of |aryngeal system
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The volume and force of the air streamdetermne the
frequency, intensity, aad duration of phonati on on one expira-
tion. Thus it becones inportant to study the total vol une of
air, the nean airflowrate and subglottal air pressure to
understand t he rel ati onshi p between these factors and frequency,
intensity of voice and duration for which phonati on can be

sust ai ned.

The vocal pitch is related directly to the frequency of
vocal fold vibration. The primary nmechanismfor increasing the
pitch is to elongate the folds by contracting the cricothyroid
nuscl e. (Sonni nen, 1954; Hollien, 1960; Hollien and Mbore, 1960;
Danmaste, et al ., 1968; Faaborg- Andersen, 1957; Arnold, 1961,
Yanagi hara and Von Leden, 1966; Hrato et al., 1967; Gay et al.,
1972) .

The airflowis inportant in bringing about vocal fold vibra-
tions. The subglottal aad transflottal air pressures forces the
gently approxi mated vocal folds apart, setting thaminto vibra-
tion, as explained earlier. Qptinal phonation for speaking and
si ngi ng requi res continuous abduction - adduction of the vocal
folds, with subtle changes in fold | ength and mass, and sub-
glottal air pressure. The regulation of this airflowis basically
i nvol untary and hi ghly automatic in ordinary speech, but the
public speaker or singer learns to rely heavily on a parti al

control of his or her breathi ng mechani sm(Boone, 1983). The
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pressure bel ow t he vocal cords which builds up when the fol ds
are cl osed, called subglottal pressure, provides an indication
of cord closure as well as additional information about funda-

nent al frequency of t he voi ce.

The actual relationship between the subglottal air pressure
and pitch is confusing because of the diversity in approaches.
A though rises in pitch may be acconpani ed by i ncreases in sub-
glottal pressure, increases in subglottal pressure need not
produce rises in pitch. Brodaitz (1959) for exanple, has noted
that in singing an upward scale, the subglottic air pressure
I ncreases because the greater stiffness of the stretched vocal

folds affers increased resistance.

I n 1846, Liskovious noted that pitch was el evated as t he
glottic chink narrowed and subglottic pressure increased and
with constant glottal opining, pitch rose in response to increased
air pressure alone. Negus (1929) noted that in actual phonati on,
elastic tension and airpressure are associated in such a way
that a alight increase in air pressure causes a consi derabl e
riseinpitch. Willstein (1936) found that frequency rose from
85 to 125 cps when air pressure was doubled in freshly excised
| aryngea. Isshiki (1959) noted in electrical stimulation experi-
ments on dogs that pitch was increased by increasing airflow al one
and that pitch elevati on was acconpani ed by increasing subglottic
pressure if airflowremained constant. Ladefoged and MK nnay

(1963) found "fairly good correl ati on between subgl ottal pressure
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and the | ogarithmof the frequency of vibration of the vocal
cords". Tinctke et al (1958), Von Laden (1961) and Van den Berg
(1957) have denonstrated the effect of subglottic pressure oa

pitch i.e. pitch increases with increased subglottal air pressure.

Pressman and Kel eman (1955) state that the actual variation
produced in tone by pressure changes is relatively small. An
I ncrease ia subglottic pressure, with |aryngeal tension held
constant, will produce a negligible (relatively snall) risein
pitch. In addition, pitch changes are nadiatedprinarily through

nodifications in glottic tension and nmass.

Pitch lowering may be produced by a decrease in activity
of nmuscles (i.e. decrease in tension) that are al ready contract-

ing (Erickson and Atkinson, 1976).

"Intensity Changes play an inportant part in verbal behaviour.
Ferrein (1741) examned glottal adjustnents oa |iving dog |arynges,
and concl uded that | oudness of phonation is greatest when the
glottis is narrowest. He also denonstrated that an increase in
breath pressure tended to increase the anplitude of vocal -fold
novenent. Miller (Mddle of 19th century) has concl uded, from
studi es on cadaver, dog, and artificial |aryngea, that vocal
intensity, with a given pitch, was dependent upon the rel ationship
bet ween subglottal air pressure and vocal fold tension, "the
|atter varying inversly with the former". Merkel (1873) has
reported that Changes in intensity are acconpani ed by a proper

bal ance between the force of subglottal air end the tension of
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the glottic nmuscles. But there is a direct relationship between
the quantity of air passing through the |arynx and increased

vocal intensity."”

Al kin (1902) concluded fromobservations of the vocal folds
in living humans that vocal intensity was hi gher when there was
a small glottal opening. Franaworth(1940) and Pressman (1942)
have noted that as intensity increased, the folds remai ned cl osed
for a proportionately |l onger tinme during each vibratory cycl e.

Fl et cher (1950) noted that the duration of the cl osed phase of the
vibratary cycle increases with intensity. Variations in the

| oudness of phonation are related directly to changes in sub-
glottal air pressure (von den Berg, 1956] Bouhuys, et al., 1966).
I n connected speech this is acconplished by changes in respinatory
and/ or laryngeal activity (Isshiki, 1964, 1965, 1969). dottal
resi stance is domnant in varying | oudness at |ow pitches
(I'sshiki, 1964) and at hi gher pitches, expiratory force seens to

be t he dom nant factor.

The intensity of thevoice is directory related to changes
in subglottal and transglottal air pressures. H xon and Abbs
(1980) have witten "Sound pressure | evel is governed mainly by
t he pressure supplied to the larynx by the respiratory punp”.
Therefore airflowis inportant in changing pitch, to sone extent,

and intensity.

McHenry ana Reich (1985) have the foll ow ng openi on about

effective airway resistance and vocal sound pressure level in
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cheear-leaders with a history of dysphonic epi sodes. The control
of vocal SPL is an extrenely conpl ex process involving the uncon-
scious nmani pul ation and interaction of nunerous variables (Fant,
1982) sad often vary both within and between speakers. It is

al so viewed that SPL increase prinmarily as the result of

hei ghtened gl ottal resistance and exhal atory airflow (Isshiki,
1965, 1969). Habitual use of high SPL appears to be detrinenta
to vocal fold tissues in the absence of physiologically efficient
SPL regulation. It can be speculated that if an individua
phonatea at a high SPL using excessive or inappropriate |aryngeal
nuscl e effort, inefficient vocal fold body/cover relations, or an
| nadequat e respiratory driving pressure, vocal fold irritation
may result. Vigorous shouting and cheering may causa vascul ar
engorgenent, injury to nmuscles or laryngeal joints, or henmatona
(Wlson, 1979). Individuals who habitually increase vocal SPL
by markedly increasing | aryngeal nuscle effort without a substan-
tial simultaneous increase in respiratory effort, presunably, are
nore |likely to devel op | aryngeal pathol ogy than t hose who con-
comtantly increase respiratory effort (Boone, 1977). Therefore
effective use of respiratory nechanismis necessary in driving

t he generator better.

H gh lung vol une hel ps in sustaining the vowel for a |onger
duration. A Constant pressure drop across the glottis is required
for a steady sound source: therefore; subglottal airpreasure

I medi ately rises and renains at a relatively constant |evel
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t hrough out phonation. The respiratory systemnmai ntai ns not
only a constant subglottal airpreasure bat al so a constant flow
of air through the glottis. Aa air escapes, the |ungs nust
decrease in size continuously ao that subglottal air pressure
and glottal air flowcan be maintained. To continue steady
phonation for along tine, it is necessary to start at a high

| ung volune and end with a | ow | ung vol une (Bouhuya et al 1966;

Mead et al 1968).

Therefore | arge lung vol une, better airflowrate will help

in getting voice for a |onger duration.

Subgl ottic pressure is sone what difficult to measure,
since the measuring device nust be |located belowthe glottis in
the trachea inorder to record the pressure built up when the vocal
folds close. It ianot obtained routinely in clinical assessnent

of phonati on.

Schnei der and Baken (1984) have reported t he i nfl uence of
| ung vol une on the relative contributions of glottal resistance
and expiratory force to the regul ati on of subglottal pressure.
That is, lung vol unme does influence the consistency and strength

of relationship between airflow, and intensity and pitch.

Therefore it is inportant to neasure the total vol une of
air Wiich can be expelled after full inspiration, and the total
volunme of air the patient uses in phonation. These neasures are

vital capacity (MO and nmean airflowrate (MFR) respectively.
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The nornmal speaker uses only a email anount of his total
vital capacity for speaking, (Gldnan and Mead (1973) have
stated that the nornmal speaker uses only about twi ce the air
vol une for speech that he uses for a quiet, easy normal (or
tidal) breathing. It has |ong been assuned that superior vocal
ability, for exanple, as in professional singers, arose from
a higher than average or nornal vital capacity. Nadoleczny
and Buchsi nger (1934), concl uded, after an experinent, that
significantly larger vital capacity values were found in well
trained athelets and professional singers. H cks and Root
(1965) studied the lung vol unmes of singers and found no signifi-
cant differences between singers and non-singers; and they al so
found that the lung vol unes did not vary significantly with
various positions like sitting, standing, etc. Gould and Ckanura
(1973), froma study of static lung vol unes in singers, concluded
that there nay be a specific correlation between the vital capa-
city and period of training. Sheela (1974) found that there was
no significant differences in vital capacities between trained

and untrai ned singers.

Yanagi hara and Koi ke (1967) have related vital capacity to
phonati on vol une; while H rano, Koi ke, and Von Laden (1968)
have indicated a relationship between vital capacity and naxi mum
phonation duration. In the former study, it was reported that
t he phonati on volune, and the ratio of phonation volune to vital
capacity both decreases as the subjective pitch | evel decreases.

Thus a correl ation between vital capacity and phonation vol une
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capacity and phonation vol une was reported with correl ati on co-
efficients ranging from0.59 to 0.90. Hrano et al (1963)

correl ated phonatlon quotient (vital capacity to maxi num phona-
tlon duration) with the flowrates in normal subjects, indicat-
ing that, higher flowrates were generally associated with shorter
phonat | on duration* or longer vital capacities. Bouhuys et al
(1968), reported singers designated as having "poor quality", to
be having snaller vital capacities than singers categorised as

havi ng' good' or "average' quality.

The followi ng tabl e shows the vital capacity in adult nal es

as quoted by various investigators:

| nvesti gators Ve incce

Mur ray and Lewi s - 3500

G ay and W se - 3700

Wse, MBurney and Millory - 3700

Tabor - 3700

Zemin - 3500 - 5000
Mllard and Kind - 4100

QG eene and Qurry - 5000

Sheel a - 2675

There are several variables which affect thevital capacity.
The vital capacity varies with geographical area. Krishnan and
Varmed (1932) have reported lowvital capacity in South |Indians.
They attribute this lowvital capacity not to race but to the
warmclinmate, |ess tendency for exercise, |ownetabolism and

poor cheat expansion. The vital capacity varies with age, weight.
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hei ght and body surface area. i.e. the vital capacity can be
calculated statistically based on hei ght and wei ght dat a.
Kri shnan and Vareed (1932). Verma et al (1982), Jain and
Ramai ah (1967a, 1967b, 1969) have cal cul ated | ung capacity
baaed on age, height, weight and body surface area for nmen and

wonen in different age ranges.

Zemin (1981) has reported that the vital capacity varies
with age, sex, height, weight, body surface area, body build,
t he amount of exercise and other factors. Hutchinson has denon-
strated the relation between |ung capacity and body size and
weight. He indicated that vital capacity and body size are
correlated with arithnetical progression, and that the age and
wei ght seemto be significant only in extrene cases of variation
t he circunference of the chest having no i nmedi ate i nfl uence on

the vital capacity.

The ot her aerodynam c neasure that is related to pitch and
intensity is rate of airflow It is therate at which the air
I's expell ed fromthe nouth during phonation. For exanple, during
t he normal production of a vowel about | QOcc of air passes through
the glottis in one second. Mean airflowrate is also related to
the regulation of pitch and intensity (Isshiki, 1965, Isshiki,
and Von Laden, 1964; Yanagi hara and Koi ke, 1967).
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Kunze (1964), Isshiki (1964) have reported the flowrate
of 100cc/sec for normal phonation in the nodal register.
Yanagi hara et al (1966) have reported ranges of 110 to 180cc/sec
in normal males and in normal females it is lowreflecting the
generally lower total lung capacity and intensity of voice

producti on.

Thus the reviewof literature indicates that the vita
capacity and nean air flowrate, anong other aerodynamc factors,
play an inportant role in determning the pitch and intensity
and al so the duration for which an individual can sustain phona-
tion. However, it should be nentioned here, that sone workers
have indicated the nean air flowrate is determned by the glottal
resi stance. Their relationship between the frequency and nean
air flowrate is not yet resolved i.e., whether the nmean air flow
rate determnes the frequency of vibration of the tension (glotta
resi stance) determnes the nean air flowrate is not yet clear
or it may be, as sone state, that the frequency of vocal cord vibra-
tion is determned by the interplay of these two factors. However,
it can be stated that the study of these two paraneters would hel p

I n under standi ng the process of voice producti on.

The instability of the exhalati on nmay be indicative of a
respiratory or neurologic basis for voice problens. A patient
shoul d be able to sustain phonation steadily and conti nuously

for a While. The maxi numanount of tine an individual can sustain



2.21

phonation after taking a maxi numinhalation is called the
maxi mumphonat| on duration (MPD). Ptacek and sabder (1963a)
suggested that the maxi numduration of phonation may be

i nfluenced by the frequency and sound pressure |evel of the
phonation. In the high frequency phonations, for both nales
and femal es, the phonatlon tine decreases as sound pressure
| evel increased (Lass and M chel, 1969).

Van Riper (1954) states that an individual should be able
to sustain phonatlon for at |east 15 seconds. Fairbank (1960)
states that 20 to 25 seconds is nornmal for sustaining a phona-
tion. Short phonatlon times are associated with |aryngeal
pat hol ogy (von Laden et al 1967).

Arnold (1959) reports that in cases of paral ytic dysphonia,
phonatlon time is always shortened to 3-7 seconds simlar findings
were made in 1942 by R eben (5 seconds), in 1937 by Luchsi nger
(3 to 15 seconds) and in 1952 by Brahm (3 to 12 seconds). "This
sinple measure gives information of theefficiency of the
pneunmophoni ¢ sound generation in the larynx". It also denon-
strates the general state of the patient's respiratory coordina-
tion (Arnold, 1959).

These aerodynam ¢ and acoustic studies are of great val ue
for clinical work. They provide insight into renedial methods
and indicate a rather different enphasis in traditional teaching
of 'good' voice production with its greet stress on breathing
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techni que (Wke, 1969). Therefore these aerodynam c studies
have been included as part of routine vocal evaluation by
many clinicians, (CGordon et al 1978).

Yanagi hara (1969) presents, on the basis of an analysis
of data obtained fromnore than 100 patients, the follow ng
diagnostic inplications: (a) flowate more than 300cc/sec
wi th phonation tine ratio | ess than 50%suggests that a | ow
glottal resistance is the domnant contributing factor for the
vocal dysfunction which nay be di agnosed as hypof uncti onal
voi ce disorder; (b) flowate upto about 250cc/sec wi th phonation
tine ratio of nore than 70%and wi th hi gh phonation vol ume -
vital capacity ratio suggests that a high glottal resistance
I's the domnant contributing factor for the vocal dysfunction
Wii ch can be l|abelled as hyperfunctional voice disorder. He
further stresses that aerodynam c exam nations on phonation can
be a val uabl e adjunct to ot her physiol ogic studies for an under-
standing of laryngeal disorders.

| wata, van Leden and Wl liams (1972) have exam ned 191
patients with various |aryngeal diseases with the aid of a
pneunot achograph systemto neasure the airflowduring phonatl on.
The results have confirned that the meanflow rate indicates the
overal | laryngeal dysfunction. The higher mean flow rates corres-
ponded to hypotensive conditions in the [arynx, for exanple,
in Unilateral laryngeal paralysis, higher nean airflowrates
are observed, Wile lower mean flow rates are suggested in hyper-
tensive conditions, such as contact ulcer granulonma. Irregulari-
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ties of the airflow during phonation are refl ected amdi stur-
bances in the acoustic signals. These functional may be cl osely
related to the pathol ogi c changes in the vocal cords, evenin
patients with apparently normal nean flow rates. This suggests
that the nean flowrate duringphonati onand especially the degree
of airflow fluctuation provides useful quantitative nmeasures of

| aryngeal dysfuncti on.

Keman, Gordon, Sinpson, and Morton (1975) have studi ed voca
function by airfl ow nmeasurenents usi ng pneunot achograph respira-
tory systemin both normal and abnornal groups during qui et
respiration, and sustained phonationof /i/, /el and/ a/l at
normal , hi ghest, and | onest pitches at confortabl e sound pressure
| evel .  Many dysphonl ¢ subj ects have shown abnornmalities intheir
breat hi ng patterns even during quiet respiration, while others

seemqui t e nor nal .

H ppel and Mow nski (1978) have examned 22 patients with
normal vocal function and 33 with voi ce di sorders by pneunot acho-
graphy. The degree of airflow speed during phonation, the volune
of air during phonation, and the duration of phonati on were
studied in 17 dysphonlc patients with conplete closure of the
glottis, 16 patients with inconplete glottic closure, and 19
control subjects. The following results were obtained: (a) The
paraneters of the study were dependent upon the intensity of
phonation, (b) the values of the nornmal group and t he dysphonic

patients with conplete closure of the glottis during phonation



2.24
were approximately the same; (c) the values of dysphonic patients
with inconplete closure of the glottis were significantly diffe-
rent fromthe other 2 groups. Accordingto the results obtained,
pneunot achogr aphy appears to be an/useful nethod in the eval uation
of laryngeal function. This is also inportant in evaluation of
treat nent.

Aer odynam ¢ studies were performed by zi pursky, Fishbein,
and Thonpson (1982) on 47 patients w th psychogenic voice dis-
orders. Pulnmonary function data indicated that 40%displ ayed
features characteristic of respiratory abnormalities in the
absence of any respiratory synptons. Phonatory airflow data for
a sustained/ a/ was obtained along threevariabl es; phonation
tineratio, phonation volune-vital capacity ratio, and meanfl ow
rate. Pre- and post- therapy data for these variabl es were obtai ned
on 15 subjects, of this group 14 showed definite trends toward
I mprovenent fallow ng treatnent.

Arermen and W1 lians (1979) have investigated the effective-
ness of the respironeter as a clinical tool in the diagnosis and
managenent of |aryngeal diseases. Airflow measurenents of an
adult male with a vocal fold polyp are reported. A reapirometric
voice profile for this client was devel oped over a 14 week period
representing 13 preoperative test sessions and one post operative
test session. The findings incidate that a respirometric voice
profile may aid the voice pathologist in determning the effective-
ness of ongoing therapy procedures and hel p provi de nore objective
criteria in determning whether to continue or to termnate voice
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therapy. Results suggest that the resplroneter is sensitive
to smal|l changes in laryngeal function.

In order to evaluate laryngeal function, using the pneuno-
t achographi c system Iwata, Esaki, Iwani, and Takasu (1976)
measured t he val ues of maxi mumphonation tine, nean flowate
during sustained phonation, and vocal velocity index before and
after surgery in 73 subjects, 33w thunilateral vocal polyps,
36 with bilateral vocal polyps, and 4 with polyps in the anterior

conmi ssur e. Spectrographi ¢ anal ysi s was al sodone. They have

concl uded that objective aerodynam c and acoustic exam nations
for laryngeal function before and after surgery are beneficial
for evaluating |aryngo mcrosurgery in phonosurgery.

Bastian, Unger and sasama (1981) have assessed the therapy
progress of a group of SOpatients with voice function disorders.
|t was by pneunot achography before and after voice therapy and
one year after voice therapy. The intra individual progress
controls show a cl ear inprovement of the vocal efficiency. Hyper
functional dysphonia is characterized by an increase in the
mean flow rate and thephonation vol une, and a synchronus decrease
in the phonation time. In addition to the nean flow rate, prepho-
nation air volune and phonation del ay are parameters of great
I nportance. The inprovenent of the voice quality can be shown by
pneunot achogr aphl ¢ progress after voice therapy, this method is
an inmportant aid for the assessment of prognosis of voice disorders.
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I sshi ki (1964) has investigated the rel ationship between
thevoiceintensity (SPL), the subglottic pressure, the air
flowrate, and theglottal resistance, sinultaneous recordi ngs
wer e nade of the SPL of voice, the subglottlc pressure, the fl ow
rate, and the volune of air utilized during phonation. The
glottal resistance, the subglottic power, and t he efficiency of
voi ce were calculated fromthe data. It was found that on very
| ow frequency phonatlon theflow rate remai ned al nost unchanged
or even slightly decreased, with theincreasein voice intensity,
while the glottal resistance showed a tendency to augnment with
I ncreased voice intensity. Incontrast tothis, the flowate on
hi gh frequency phonation was found to i ncrease greatly. Wile
the glottal resistance remai ned al nost unchanged as t he voice
intensity increased. On the basis of the data it was concl uded
that at very lowpitches, the glottal resistance is domnant in
controllingintensity (laryngeal control), becomng | ess so as
the pitch is raised, until at extrenely high pitch theintensity
Is controlled alnost entirely by the flowrate (expiratory nuscle

control).

Mcd one (1967) has conducted a study to find out air flow
during vocal fry phonatlon. Five male and five fenal e speakers.
Who were free of any voi ce disorder, were required to sustain
vocal fry phonatlon at three pitch levels; one an arbitrary standard
| evel , another |ower than the standard, and a third hi gher. Record-
I ngs were nade and anal yzed of airflow and acoustic signal of

t hese phonations. This study showed that (a) the fundanmental s of
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vocal fry were |ower than those produced in the nodal registers,
(b) air flowrates were | ess than found for either nmodal phone-
tion or falsetto; and (c) there was no correlation between changes
infry frequency and changes in air flow

Thus studl es have indicated the relationship between vocal
function and air flow neasurenents and further they have al so
indicated that the vocal function can be assessed by air flow

measur enent s.

Verma et al (1982) have devel oped a regression equation for
indirect examnation of ventilatory norns in terns of physica
characteristics. Jain and Ranai ah (1967a, 1967b, 1969) have
estimated lung function tests fromage, weight, height, and body
surface area for nen and wormen in the age range of 15 to 40 years.
Simlar regression equations were also established for nmen and
wonen in the age range of 40-65 years (Jain and Gupta, 1967a, and
1967b). For boys of the age ranging from7 to 14 years, the venti-
latory 'norms' were al so estimated using age, hei ght and body
wei ght as predictors (Jain and Ramai ah, 1968a, Jai n and Ramai ah
1968b). Verma et al (1982) have devel oped aregression equations
for indirect assessment of some ventilatory 'norns' (viz: vital
capacity, forced vital capacity, forced expiratory vol une for one
second, expiratory reserve vol ume, inspiratory capacity and maxi mum
vol untary ventilation) for a w de range of 21-69 years in healthy
I ndian nales. These studies have been conpared with western norns.
It has been reported that mean vital capacity values in Indians were
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significantly lower than the western subjects (Bhatia, 1929;
Bhattacharya, 1963; De and De, 1939; Krishnan and Vareed, 1932;
M |1 edge, 1965; Mikherjee, 1965; Reddy and Sastry, 1944;
Tel ang and Bhagwat, 1941).

Wth the viewto find out the standards of vital capacity
in South India, the vital capacities of 103 nal e nedical students
of 18 to 29 years of age fromdifferent parts of the Madras
presi dency were estinmated, and certain neasurenents of the body,
such as standi ng hei ght, wei ght, body surface area, sitting
hei ght, and chest circunference, were recorded. The average

vital capacity for all the subjects examned was found to be

2.93liters.

The lowvital capacity, generally obtainable in South India,

Is duenot to race or nationality but tothewarmto clinate, |ess
tendency for exercise, |ownetabolismand poor cheat expansion
(Krishnanand Var eed, 1932),

Nag, Chatterjee and Dey (1982) have assessed the effect of
cigarette smoking on lung function in 108 snokers wi th matched
group (105 nonsnokers) in the age range of 20-59 years. It is
enphasi zed that lung function consistently decline with age and
the decline is further augnented by cigarette snoking.

Tests of ventilatory function are increasingly used by the
clinicians for assessment of patients with respiratory di ceases.
Normal range of values in ol der subjects also of value to the
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clinician for diagnosing and treating the chest diseases. Mandi
et al (1976) established that decreases in the vital capacity was
nmore definite inold age. The data of schmdt et al (1973) in
subj ects between 55-94 years al so show that Forced Vital Capacity,
forced expiratory volume, and expiratory flowdeclinewth age.
Meenakshi (1983) al so observed simlar results in 60-80 year ol d

‘normal ' subj ects.

Shigemori (1977) has measured naxi mumphoaat|on tine, phona-
tion quotient, and nean flowrate in 250 normal and 501 pat hol ogi cal
subjects. The normal group consisted of 200 school children of
4 age groups and 50 adults. The pathol ogical group consisted, 122
cases of recurrent |aryngeal nerve paral ysis, 26 cases of sulcus
vocal i s, 59 cases of laryngitis, 182 cases of nodul e, and pol yp,

36 cases of pol ypoid vocal cord, 18 cases of benign nass, 14 cases
of epithelial hyperplasia, and 34 cases of carcinoma. |In 115 cases
whi ch recei ved phonosurgi cal treatment, the change in the test

val ues after surgery was related to the patient's own eval uation

of his voice. The results and cal cul ations were as follows: (a)
The ol der the subject, the greater the average maxi numphonati on
time, (b) the ol der the subject, the greater the phonation quotient
was anong t he normal school children, (c) The ol der the subject,
the greater the average airflow rate measured with a resplroneter
for easy phonation among t he normal subjects, (d) among the cases
of various pathol ogi es, those of recurrent |aryngeal nerve paral ysis
presented abnornal test val ue* nost frequently. The glottic incom
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pet ence appears to account for the abnormal test val ues in many
eases, (e) in the pathological cases, the frequency of abnormal
test values was the greatest in the maxi numphonation time and
the least inthe nean air flowrate, (f) high negative correl a-
tions were observed between the maxi mumphonatioa tine and the
phonation quotient in both the normal and pathol ogical air flow
rate, and the over 2 measures were not very high, and (g) anmong
various laryngeal diseases, the test val ues agree best with the
patient's own evaluation of his voice in recurrent |aryngeal
nerve paralysis, Anong the three test values, the maxi numphona-
tion time appeared to reflect best the patient's own eval uation
of the post-operative change in his voice.

Jayaram (1975) has examned nornal s and dysphonics. 30
mal es and 40 fenmales in the group of normals and 21 mal es and
12 femal es in dysphonic group - of adult age range. The results
were as foll ows:

The maxi numduration of phonation ranged from 16 seconds
to 38 seconds in nornmal nales and from6 seconds to 25 seconds
I n dyaphonic males. The female subjects in normal and dysphonic
groups presented to seconds to 27 seconds and 5 seconds to 25
seconds as their range of maxi mumduration of phonation respectively

The vital capacity of normal and dysphonic mal e group
presented 2850cc to 3450cc, and 2700cc to 3600cc respectively

and it ranged from 1650cc to 3000cc in normal females, and from
1500 cc to 3000cc in fenmal es of the dysphonic group.
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The nean air flow rate during phonation ranged from 62.4 cc/sec.
to 275cc/sec. in normal males and from95cc/sec to 660 cc/sec. in
dysphonic mal es. The females in the normal group presented a range
of 71.42 cc/sec to 214.23 cc/sec and in dysphonic fenales, it ranged
from 100 cc/sec to 257.14 cc/ sec.

Anot her indicator of the vocal function is theratio of vital
capaci ty to maxi mumphonation duration (sawashima, 1966). H rano
et al (1966) named this ratio as "phonation quotient" (PQ).

The total air volume used during mnaxi mum sust ai ned phonati on
(phonation vol ume, PV, by Yanagihara et al., 1966) is usually |ess
than the vital capacity (Qutzman and Loewy, 1920; Yanagi hara et al .,
1966, Yanagi hara and Koi ke, 1967; Isshiki at al., 1967; Yoshioka
et al., 1977). Theratioof PVto VCwas found to be 50.4 to 73.0
percent by Yanagi hara et al (1966), 68.7 to 94.5 percent by
| sshiki et al (1967), and 66 to 114 percent by Yoshi oka et al (1977),
It indicates that the PQis usually larger than nean air flowrate
during maxi num sust ai ned phonati on.

H rano et al (1968) have denmonstrated a hi gh positive relation-
ship between MR neasured during nmaxi mum sust ai ned phonation and PQ
in normal subjects. Iwata and Von Leden (1970) have recomrended
the use of PQ as an indicator of air usage when MFR cannot be
directly determ ned.

The normal average val ues of PQin adults ranges from120 to
190 cc/ sec ( Sawashi ma, 1966; H rano et al 1968; Shigenori, 1977,
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Yoshi oka et al 1977). Hrano et al (1968), Iwata and Von Leden
(1972), Shigenori (1977) and Yoshi oka et al (1977) have reported
a markedly elevated PQ in nost of the l[aryngeal pathol ogica
patients.

Koi ke and Hi rano (1968) have derived one nore neasure which
they referred to as the "vocal velocity index"(WI). This team
applies tothe ratio of nean air flowrate to vital capacity.
| wat a end Von Leden (1970) have sel ected one hundred thirty-eight
patients with different laryngeal diseases and voice disorders.
They were subjected to aerodynam c nmeasurenments of sustained vowel
phonation. The vocal velocity index was conputed for each indivi-
dual patient and for the different organic and functional diseases.
The results on WI were conpared with physiological and psycho-
acoustic reports. The results suggested the application of the
WI as a useful objective measure of |aryngeal efficiency, and
differential diagnosis of dysphoni a.

The review of literature indicates that the aerodynamc
measurements, namely, vital capacity and nmean air flow rate provide
useful information in the assesment of respiratory and phonatory
systens and thus they have gained clinical inportance.

These aerodynam ¢ and acoustic parameters can be measured
using the follow ng instrunent.

The respironetry can be used as the sinplest nmeans of
measuring air volunes (Beckett, 1971) . 'Spirate' neans 'breat he'
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spironetry i s measurenent of various (dynamc) volunes of air

breathed in and out. Many types of Spirorneters are in use.

A sinple spironeter consists of Avessel placedinverted

like Bell in AJacket of Water. A w de air passage goi ng

through the center of the jacket communicates with the bell,

the other end of the passage is connected through a corrugated

| npervious tubing to a nout hpi ece. When t he subj ect breathes out
through it, the expired air lifts the bell. A counter wei ght
Attached to a chain running over a pulley bal ances the wei ght

of the bell. A pointer records the vol une contained in the
apironeter. The scale is nmarked either on a wheel fixed over

the pulley or on the tube containing the counter weight,

Most clinical and research data reporting airflow paraneters
have been col | ected from conventi onal respironeters or pneunotacho-
graphi c - pressure transducer systens, which are both expensive
and nonportable. Hany clinical settings are not equipped wth
such instrunentation because of limted funds. Sinple and inexpen-
sive aerodynam c neasuring devices are required in a variety of
clinical settings for screening, diagnosing, and validating the
t herapeutic progress, Rau and Beckett (1984) have adapted t he
| i ght -wei ght, contact spironeters to performaerodynam c assess-
ment of vocal function in adults. The validity of vital capacity
and phonati on quotient measurenents made with such instrunents
wer e assessed, and a multiple regression anal ysis was perforned
in order to develop a fornula for estinmating nean air flow rate
fromthe phonation quotient i.e., they have used Y=A(a

constant) = BXto derive the statistical equation to estinmate
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mmm air flow rate. The PQwill be calculated fromt he obt ai ned
vital capacity and maxi mrum phonati on durati on as stated earlier
i.e. PQ g%b‘ It is valid for use with young (age 16+) and

ol der adults according to Rau and Beckett (1984).

She vital capacity can or calculated fromthe hei ght and
wei ght of the subject as reported to t he above literature. Ther e-
fore the instrunents required to determ ne VC will be inexpensive.
One stop watch, weighing machi ne and a tape are sufficient to
deter mi ne VC and MPD. Thus using these two neasures it would be
possi bl e to cal cul ate PQ and then find out the MFR by neans of

t he reported equati on.

therefore the present study ainmed at (1) devel opi ng nonogram
based on hei ght and wei ght to predict the vital capacity, (2)to
find out the rel ati onshi p between PQ and MFR, as neasured, and
then further (3) to predict and to vali date t he above net hods of
deternm ni ng the VC based on hei ght and wei gnt and predicting the

MFR based VC and MFD i.e., PQ in nornal subjects.
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METHCDOLOGY

The study was conducted to findout the possibilities of
/1] Predicting vital capacity baaed on height and wei ght of an
individual; /ii/ To predict MR based on vital capacity and

maxi mum phonation duration and to validate the nethods.

Part 1 A Subjects: 30 nales, ape ranging froml1l8 to 29 years ;
and 30 fenal es, age ranging from17 to 25 years served as subjects

for the study.

Subj ect s were chosen on the basis of age and absence of any
vocal pathol ogy. Nornmal vocal functioning was determned by
questioni ng vocal usage, histories for evidence of vocal or
| aryngeal problens. No subject was included who had any history
of abnornmal vocal use or vocal problens, chronic snokers, end
t he persons who had br eat hi ng probl ens (The subjects were sel e-

cted randomy based on the above criteria).

Equi pnent : 1. Expirograph (Toshnival & co)
2. Wi ghing nachi ne
3. Stop watch
4. Measuring tape

PROCEDURE: All subjects were made to stand in errect position
(a) The followi ng instructionswere given to the subject. "lInhale
as deeply as you can through your nmout h, when you think that you

have filled your lungs maxinally, blowair through this nouth piece
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as such as you can in one breath without permtting the air to

| eak cut". After the instruction the exam ner denonstrated it.
The subject was trained to keep the nouth piece tightly to
thenouth and to blowinto the nouth pi ece. As the subject was
bl owing into the nouth pi ece the needl e of the expirograph kept
nmovi ng on the calibrated paper thus sharing the volune of the

air expired.

The subject, after deep inspiration, expired the air into the
nmout h pi ece of expirograph, to the nmaxi numextent possible. The

reading on the expirograph showed the total volune of air expired.

Thus vital capacity for each subject was neasured. The procedure
was carried out, three tines for each subject with an encour agenent
verbally by the experinenter to increase the vol une of expiration

each ti ne.

Data were gathered directly fromexpirograph calibrated paper.
The air bl own was neasured in centineter on the expirographic
paper. It was then nultiplied by 300 to give the vital capacity

in cc.

(b) The phonation vol une and phonation tine were neasured using
the follow ng instruction: "lInhale as deeply as you can through
your nmout h. Wien you think that you have filled your | ungs
maximally, in—+tone the souhd /a/ as long as you can through this
nout h piece, until you conpletely run out of air. Wile intoning
the sound/ a/ through this nouth piece, the air should not |eak

fromthe sides. Hold it tightly against the nouth. Be carefu



3.3

to use a confortabl e | oudness | evel and please do not stop until

you conpletely run out of air".

Subsequent trials were preceded by the follow ng instruction,
“try to prolong the sound longer this tinme*. The atop watch was
started at the initiation of each phonation of /a/ and stopped at
the termnation of each phonation by the investigator. This
provi ded the phonation tinme. The air collected during the
phonation of /a/ was noted down from expirographi c paper in terns

of cc.

The nmean airflow rate was cal cul ated for each subject,

for each trial, using the formula FV (cc/seconds).
PT

(c) The maxi mum phonation duration of / a/ was obtai ned using
the followi ng instruction; "Inhale as deeply as you can through
your nouth. Wen you think that you have filled your |ungs
maximal |y, intone the found / a/ as long as you can, until you
completely run out of air. Wiile intoning the sound/ a/ be
careful to use a confortabl e | oudness | evel, and pl ease donot
stop until you conpletely run out of air” . Subsequent trials
were preceded by the following instruction: "Try to prolong the

sound | onger this tine".
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The atop watch was started at the initiation of each phonation
and stopped at the term nation of each phonati on and noted down the
duration for which phonation was sustained in terns of seconds.
Thus the maxi numduration of phonation was determned for each
subject using three trials. The |ongest phonation duration was

consi dered as the nmaxi num phonation duration for that individual.

Each subject thus perfornmed three trials for each neasurenent,
Al trials were recorded, and the best effort for eg. the |argest
vital capacity, |ongest phonation duration was considered as the
vital capacity and nmaxi num phonation duration for that individual
and were used for analysis. To mnimze fatigue effects, greater
than 30 seconds rest period was inserted between trials for each
paraneter, and a rest period of 3 to 5 m nutes occurred between

par anet er s.

Each sabjects weight and height were neasured in terns

of kilograns (Kg) and centineters (cn) respectively.

Using the data of vital capacity, height and weight, a
nonograp (figure 1) was constructed. The scal es were adj ust ed,
so that, majority of the subjects' neasured vital capacity,
coincided wwth the values orbitrarily placed on the scale. Two
separate scal es were constructed for mal es and femal es as shown

la figure 1.

The phonation quotient was cal cul ated fromthe above data

using the formula PQ= VC
MPD
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The rel ati onshi ps bet ween nean air fl ow gate and phonati on

guotient were determ ned.

Part 1. B: The above neasures were repeated on 10 subjects
(five mal es and five females) tofind out the reliability of the
measurenments. They were selected randomy. The val ues obtai ned
were wthin + 50 cc for vital capacity and + 3 seconds for

maxi mum phonation duration, except for one subject who showed
avariation of + 400 cc invital capacity. Therefore the

Measur enent were considered as reliabl e.

Part 11: 15 nales, age ranging from19.5 years to 30 years,

15 fenal es, age ranging from18 years to 24 years. These
subjects were not included in Part | of this study. The hei ght
and wei ght of these subjects were determned and the vital
capacity was predi cted using the nonogramprepared in Part | of
this study. Then the maxi num phonation durati on was neasur ed

as in Part 1I.

The phonation quotient was cal cul ated using the above
data. i.e. using the vital capacity (estimated) and nmaxi num
phonation duration neasurenents. The formula PQ= VC was

used. MPD

The nean air flow rate was cal cul ated by applying the
equation given by Rau and Beckett (1984) (MR =77 + .236 PQ.

Thi s was conpared with the results of Part | of the experinent.



3.6

Rau and Beckett (1984) used the follow ng nethod to get

nean airflow rate:

In attaining the regression equation, the phonation
guotient was regressed on the nmean flowrate. The statistical

equation was derived fromthe follow ng :
Y = A (aconstant) = BX

The vital capacity, and nmean airflow rates were neasured using
expi rograph, for the sane subjects as in Part | of this experinent
The phonation quotient was cal cul ated using vital capacity

(obt ai ned) and nmaxi numphonation duration. The vital capacity
(estimated), the phonation quotient (estinated) and the nmean
airflowrates (estimated) were conpared with the vital capacity
(obtai ned), phonation quotients (obtained) and nean airflowrates
(obt ai ned) respectively, further correlation coefficients were
found out between estinated and obt ai ned phonati on quotient and

nmean airflowrates.
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RESULTS AND DI SGUSSI ON

Part-1: Data obtained fromthe chirograph and hei ght and

wei ght are shown in Table 1 and 2, for nales and fenal es
respectively. Thevital capacity in males tanged from2400cc
to 3750 cc. The average vital capacity in males was 3120cc
of air wth standard deviation of 33Qc of air. In fenales
the vital capacity ranged from 1750cc to 2550cc of air. The

average vital capacity waa 2130cc of air with standard devi a-

tion of 200cc of air.

The hei ght and weight in mal es ranged from 157 emto 177 cm
and 42kg to 85kg respectively. The average hei ght waa 168.08 cm
and wei ght was 55.38kg. with standard deviations of 5.8cm and
8.72kg. respectively.

The height and wei ght in fenal es ranged from 1495 cmto
165 cmand 40 Kg to 63 kg respectively. The average hei ght was
156. 65 cmand wei ght was 47.6kg with standard deviations of
4.35 cmand 5.27 kg respectively. There is significant difference
between mal es and fenales in ternms of height and wei ght and hence
the null hypothesis (ii) is rejected.

Usi ng t he hei ght, weight and vital capacity obtained a
' Nonogrant was constructed for mal es and femal es separately (fig.1).

The 'nonogram constructed was such that the neasured vita
capacity, nanely the highest valueinthreetrials, fell within
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S . NO Age Vital Hei ght Wi ght
(inyears) capacity (cm (kg)
(cc)
164 63
1 20 3000
2 23 2850 170 49
3 22 3000 174 51
4 21 3450 161 64
5 19 3150 172 54
6 22 2850 161 48
7 22 3300 172 67
8 24 3750 175 85
9 21 2700 160 45
10 23 3400 173 52
11 24 3150 172 53
12 18 2400 164. 5 45
13 25 3150 157 57.5
14 20 2850 163 52
15 19 2700 173 47
16 18 3150 166 62. 5
17 18 3000 163 53.5
18 20 3450 176 64
19 18 3300 177 55
20 26 3150 161 53
21 21 2600 163 42
22 20 2650 170.5 46
23 20 3400 171.5 56
24 21 3100 170. 5 50
25 21 3750 172.5 68
26 19 3150 166 49
27 29 3250 159 62
28 25 2850 174 52
29 27 3400 165
30 18 3600 176 gé
Mean 21. 47 3120 168. 08 55. 38
SD 2.84 330 5.8 8.72

Tabl e-1: Age, Vital Capacity(incc), Height(incm and
Wei ght (in Kg) in males.
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S..No. Age Vital Height Weight
i capacity (cm) K
(in years)  capag (Ka)
1 22 2250 165 46
> 22 2100 156 42
3 21 1950 160 45
4 21 2250 154 45
5 19 2200 150 50
6 20 1950 162 42
7 22 2250 160 53
8 20 1800 155 42
9 24 2400 161 52
10 17 2550 157 63
11 21 2550 153 55
1% 20 2100 156 44
21 1950 153 46
14 19 2250 150 48
15 29 1950 154 50
16 20 2250 164 53
17 20 2100 162.5 49.5
18 18 1950 154.5 42
19 18 2000 149.5 44
20 21 1800 154.5 40
21 22 2400 156.5 51
22 21 2000 149.5 55
23 22 2250 155.5 44
24 22 2250 165 46
25 19 2200 159 53
26 21 2100 159 50
27 21 2250 154 41
28 21 1750 154 40
29 25 2000 154 49.5
30 24 2200 155 47
Mean 20.8 2130 156.65 47.6
SD 1.74 200 4.35 5.27

Table-2: Age, Vital Capacity (incc). Height (inan) and
V\?eight (in Kg ir¥§emale)>s. ght ( )



HEIGHT IN CMs

MEN WOMEN

160
6250 5100
200 6000 4900 150
5750 4700 140
190 5500 4500 130
5250 4300
5000 4100 | 120
180 4750 3900 110
4500 3700 105
4 100
170 250 3500 g0
3750 3100
160
3500 2900 €0
5
ABs 3250 2700 :g
150
» 3000 2500 < 65
O 2750 -F- 2300 60
140 e + g
i : 2500 ~-F- 2100 E D
H 2250 F-1900 £ £ E so
130 2 & - O
® . 2000 % 1700 3. B =4
125 3 x a B B
8 qmme. g % .8 =
120 O~ 3390 Tk R
E 35 s = E_ 35
115 1500 = 1300 =
+ &
+ e - 30
230 1250 -3 1100 A
105 b e
1000 —1 900 23
100 +
T e
95 750 —4- 700 ‘o 20
90 3 B
500 —— 500 E
85 Ase L 15
450 A=
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+300cc of air for males and fanales on the arbitrarily marked
scale. Thus the vital capacity could be related to hei ght and
wei ght for all the 30 mal es and 30 fenal es on t he respective
nomogram Hence the hypothesis stating that thete is a relation-
ship between the vital capacity, and height and wei ght of an

i ndividual is accepted.

The vital capacity, maxi mumphonation duration and PQ are
shown in Table-3 and 4 for nmal es and fenal es respectively.

The maxi mumphonation duration ranged from 17 seconds to
40 seconds for mal e group. The average nmaxi numphonation duration
was 24.63 seconds with standard devi ation of 5.08 seconds for
mal e group, in female group the maxi numphonatioa duration ranged
from 10 seconds to 24 seconds. The average maxi mum phonation
duration was 18. 17 seconds with standard deviation of 4.14 seconds.
The standard devi ations of maxi num phonation durational so confirns
that the groups were honogeneous. There is a significant difference
bet ween nal es and females in terns of nmaxi numphonation duration
and hence the null hypothesis stating that there is no significant
difference between males aad fenmales interms of MRDis rejected.

The nean airflowrates and phonation quotients were cal cul at ed
using the formulas (MR = PV, PQ = VC ) described by Iwata and
Von Laden (1970) . PTMPD
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Sl . No. Age VC MPC PQ (= ;;)
(in years) (in cc) (i n seconds) (ccl sec)
1 20 3000 22 136. 36
2 23 2850 25 114. 00
3 22 3000 22 136. 36
4 21 3450 26 132. 69
5 19 3150 29 108. 62
6 22 2850 25 114. 00
7 22 3300 22 150. 00
8 24 3750 26 144. 23
9 21 2700 24 112.50
10 23 3400 27 127.78
11 24 2150 26 121. 15
12 18 2400 19 126. 32
13 25 3150 40 78.75
14 20 2850 18 158. 33
15 19 2700 19 142. 11
17 18 3000 22 136. 36
18 20 3450 24 143. 75
19 18 3300 23 143. 48
20 26 3150 33 95. 45
21 21 2600 19.5 133. 33
22 20 2650 28 94. 64
23 20 3400 18.5 183. 78
24 21 3100 35 88. 57
25 21 3750 19 197. 37
26 19 3150 17 185. 29
27 29 3250 23 141. 30
28 25 2850 28 101. 79
29 27 3400 28 121. 43
30 18 3600 25 144. 00
T Mean 214731200 T T T 34,63 13116
SD 2.84 330 5.08 27.04

Table 3: Age, vital capacity (in cc), nmaxi mum phonation Duration (in
seconds) and cal cul at ed nmeasure of phonation quotient taken from
expi rograph in nal es.
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Sl . No. Age VC MPC PQ (= ;;)
(in years) (in cc) (i n seconds) (ccl sec)
1 20 3000 22 136. 36
2 23 2850 25 114. 00
3 22 3000 22 136. 36
4 21 3450 26 132. 69
5 19 3150 29 108. 62
6 22 2850 25 114. 00
7 22 3300 22 150. 00
8 24 3750 26 144. 23
9 21 2700 24 112.50
10 23 3400 27 127.78
11 24 2150 26 121. 15
12 18 2400 19 126. 32
13 25 3150 40 78.75
14 20 2850 18 158. 33
15 19 2700 19 142. 11
17 18 3000 22 136. 36
18 20 3450 24 143. 75
19 18 3300 23 143. 48
20 26 3150 33 95. 45
21 21 2600 19.5 133. 33
22 20 2650 28 94. 64
23 20 3400 18.5 183. 78
24 21 3100 35 88. 57
25 21 3750 19 197. 37
26 19 3150 17 185. 29
27 29 3250 23 141. 30
28 25 2850 28 101. 79
29 27 3400 28 121. 43
30 18 3600 25 144. 00
T Mean 214731200 T T T 34,63 13116
SD 2.84 330 5.08 27.04

Table 3: Age, vital capacity (in cc), nmaxi mum phonation Duration (in
seconds) and cal cul at ed nmeasure of phonation quotient taken from
expi rograph in nal es.
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Sl . No. Age VC MPC PQ (= ;;)
(in years) (in cc) (i n seconds) (ccl sec)
1 22 2250 27 83. 33
2 22 2100 17 123.53
3 21 1950 13 150. 00
4 21 2250 20.5 109. 76
5 19 2200 12 183. 33
6 20 1950 14 139. 29
7 22 2250 20 112.50
8 20 1800 16 112.50
9 24 2400 24 100. 00
10 17 2550 21 121. 43
11 21 2550 17 150. 00
12 20 2100 21 100. 00
13 21 1950 18 108. 33
14 19 2250 18.5 121. 62
15 20 1950 23 84.78
17 20 2100 16 131. 25
18 18 1950 15 130. 00
19 18 2000 17 117. 65
20 21 1800 10 180. 00
21 22 2400 17 141. 18
22 21 2000 11 181. 82
23 22 2250 23 97. 83
24 22 2250 24 93.75
25 19 2200 15 146. 67
26 21 2100 13 161. 54
27 21 2250 22 102. 27
28 21 1750 20 87.50
29 25 2000 21 95. 24
30 24 2200 21 104.76
T Mean T T 20.8 2130 T 18.17 "~ 7 123723 7
SD 1.74 200 4.14 28. 04

Table 3: Age, vital capacity (in cc), nmaxi mum phonation Duration (in
seconds) and cal cul ated neasure of phonation quotient taken from
expi rograph in fenal es.
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Themeanair flowrate (obtained) ranged from67.5 cc/sec
to 135 cc/sec. The average nean air flowrate was 105.79 cc/sec
with standard deviation of 19.25 cc/sec in males. |In fenales,
the nesa air flowrate (obtained) ranged from62.5 cc/sec. to
141. 67 cc/sec. The average MFR was 98. 34 cc/sec with standard

devi ati on of 20.97 cc/ sec.

Farther nean air flowrate was al so obtai ned for each subject
using the formuls (MPR=77 + .236 PQ given by Ramand Beckett
(1984) for both nmal es and femal es. Table (5) and (6) showthe
estinated and obtained nean air flowrates for nal es and fenal es
respectively. The estinated nean air flowrate ranged from
95.59 cc/sec. to 123.58 cc/sec and an average nean air flowrate
of 107.96 cc/sec with standard deviation of 6.38 cc/sec for nale
group. In female group, the nesa air flowrate (estinated) ranged
from96. 67 ec/sec to 120.27 cc/sec. The average nean air flow
rate (estimated) was 106. 0sec/sec with standard devi ati on of

6. 62 cc/sec.

Further using linear correlation the correlation coefficients
bet ween obtai ned and estinmated nean air flow rate was cal cul at ed.
It was 0.71 for nmales and 0.87 for fermales. This high positive
correlation indicates that there is no significant difference
bet ween obt ai ned and estimated nean flowrates. This it would be
possi bl e to obtain nean flow rate Wen phonati on quotient is given
and further phonation quotient can be determ ned usi ng nmaxi num

phonati on duration and vital Capacity. Vital capacity can be
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Sl . No. Age PQ (= ?? ) VFR obt ai ned MFR( Est i mat ed)

(in years) (cc/sZe?c?) (= %)(Cc/sec) (MFR= 77+ . 236
1 20 136. 36 105. 00 109. 18
2 23 114. 00 108. 00 103. 90
3 22 136. 36 119. 05 109. 18
4 21 132. 69 126. 00 108. 31
5 19 108. 62 108. 62 102. 63
6 22 114. 00 84.78 103. 90
7 22 150. 00 129. 55 112. 40
8 24 144. 23 121. 43 111. 04
9 21 112.50 87.50 103. 55
10 23 127.78 75. 00 107. 16
11 24 121. 15 115. 38 105. 59
12 18 126. 32 79. 41 106. 81
13 25 78. 75 67.50 95. 59
14 20 158. 33 134. 48 114. 37
15 19 142. 11 133. 33 110. 54
17 18 136. 36 112. 50 109. 18
18 20 143. 75 105. 00 110. 93
19 18 143. 48 135. 00 110. 86
20 26 95. 45 85.71 99. 53
21 21 133. 33 100. 00 108. 47
22 20 94. 64 85.71 99. 34
23 20 183. 78 108. 62 120. 37
24 21 88. 57 80. 88 97. 90
25 21 197. 37 130. 56 123. 58
26 19 185. 29 134. 38 120. 73
27 29 141. 30 95. 00 110. 35
28 25 101. 79 101. 00 101. 02
29 27 121. 43 102. 00 105. 66
30 18 144. 00 110. 00 110. 98
" Mean 21. 47 ] 131.16 105.79 107.96
SD 2.84 27.04 19. 25 6. 38

Tabl e 5: Age, phonation quotient and nmean air flow rate taken from
the expirograph and nean air flow rate estinated derived by applying
the equation MFR = 77 + . 236 PQ in males.
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Sl . No. Age PQ (= ??) MR MFR( est i mat ed)
(years) 272 (obtai ned) (MFR= 77+.236
(= gﬁ(cclsec)
1 22 83. 33 65. 00 96. 67
2 22 123. 53 110. 00 106. 15
3 21 150. 00 100. 00 112. 40
4 21 109. 76 80. 49 102. 90
5 19 183. 33 141. 67 120. 27
6 20 139. 29 96. 43 109. 87
7 22 112. 50 105. 00 103. 55
8 20 112. 50 90. 00 103. 55
9 24 100. 00 85.71 100. 60
10 17 121. 43 105. 00 105. 40
11 21 150. 00 120. 00 112. 40
12 20 100. 00 92. 86 100. 60
13 21 108. 33 100. 00 105. 70
14 19 121. 62 100. 00 105. 70
15 20 84.78 80. 49 97. 01
17 20 131. 25 110. 00 107. 98
18 18 130. 00 116. 67 107. 68
19 18 117. 65 94. 12 104. 77
20 21 180. 00 135. 00 119. 48
21 22 141. 18 117. 64 110. 32
22 21 181. 82 130. 00 119.91
23 22 97. 83 78. 26 100. 09
24 22 93. 75 66. 67 99. 13
25 19 146. 67 136. 40 111.61
26 21 161. 54 100. 00 115.12
27 21 102. 27 90. 90 101. 14
28 21 87.50 62. 50 97. 65
29 25 95. 24 69. 40 99. 48
30 24 104.76 86. 80 101. 72
T"MeanT T T T 2008 T T 12323 777798734 106.08

SD 1.74 28. 04 20. 97 6. 62

Tabl e-6: Age, phonation quotient,
t he expirograph and nmean air flow rate estimated derived by applying
the equation MFR = 77 + .236 PQin fenales.

and nean air

flowrate taken from
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det er m ned when hei ght and wei ght are gi ven usi ng nonogr ans.
The examnation of tables 5 and 6 show ng t he phonation
gquotient and nean air flowrates in nales and fenal es reveal s

t hat the phonation quotient was al ways greater than nmean fl ow
rate (except in one nal e subject Wiere phonati on quotient and
nean air flowrates was sane). Simlar report has been nade
by Rau and Beckett (1984) Who states "as warn true wi th subjects
reported on intheir study (Iwata and Von Leden, 1970), phona-
tion quotient calculated for the 19 subjects al ways refl ected

| arger val ues than the nean flowrates for the sanme subjects".

The vital capacityin case of nmal es which ranged from
2400 cc to 3750 cc and 1750 cc to 2550cc in case of fenales
with the nean of 3120 cc and 2130 cc respectively, These were
withinnormal limts Wien conpared with follow ng data. Jayar am
(1975) has reported the vital capacity value ranged from 2850cc

to 3450CC in nal es and 16500C to 3000cc in case of fenales.

Kri shnan and Vareed (1932) have indicated that the average
vital capacity in South Indian adult mal es was 2930 cc. Hence
the null hypothesis stating that there is no significant diffe-
rence between nmales and fenales in terns of vital capacities is

rej ect ed.

The nean air flowrate in case of mal es which ranged from
67.5 cc/sec to 135 cc/sec with the nean of 105.79 cc/sec and

infemales it ranged from62.5 cc/sec to 141.67 cc/sec with the
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nmean of 105.79 cc/sec andin females it ranged from62.5 cc/sec
to 141.67 cc/sec with the nean of 98.34 cc/sec. Kunje (1964),
| sshiki (1964) have reported the flowates of 100 cc/sec for nornal
phonation i n nodal registers. Jayaram (1975) has reported t he
flowrate range of 62.4 cc/sec to 275 cc/sec in nmales and 71. 42

cc/sec. to 214.23 cc/sec i n femal es.

These findings inply that the subjects included in this
study were healthy and normal with reference to vital capacity

and nean air flowrates.

Part-11 of the experinment was conducted to find out the predictive
validity of the systemdeveloped i.e. to predict the nean air flow

rat e based on hei ght and wei ght and maxi nrum phonati on durati on.

Part-11: Based on the height and wei ght made on 15 nal e and 15
femal e subjects the vital capacity was predicted for each subject
(vital capacity estinmated). Further the phonation quotients were
predi cted based on the vital capacity (estimated) and nmaxi num
phonation duration (neasured) for all the 30 subjects. Then the
vital capacity and nean air flowrates were determned for all

t he subjects usingroutine procedure (which were indicated as vital
capacity obtained and nmean air flow rate obtained. They are

presented in Table-7, 8, 11 & 12.

The hei ght, the weight, the vital capacity (estimated) and
the vital capacity (obtained) is presented in Tables 7 and 8 for
mal es and fenal es separately. The vital capacity (estinated)

ranged from 2650 cc to 3500 cc with the nean of 3080 cc and
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standard devi ation of 280cc for males. In fenales, the vita
capacity (estinmated) ranged from 1850 cc to 2500 cc with the

mean of 2200cc and standard devi ati on of 180 cc.

The vital capacity (obtained) ranged from 2500 cc to
3800 cc with the nmean of 3130 cc and standard devi ati on of
390 cc for nmales. In case of females, thevital capacity
(obt ai ned) ranged from 1950cc to 2750cc with the nean of 2230cc
and st andard devi ation of 250cc. The difference between obtai ned
and estimated vital capacity nmeasure was within + 300cc of air
for males and females. It is presented in Tables 7 and 8.
There was no significant difference between two and hence t he
nul | hypothesis stating that there is no difference between esti -
mat ed and obtained vital capacities in nales and fenmales is
accepted. Therefore it can be concluded that vital capacity
(estimated) based on hei ght and wei ght of an individual using
nonograns is within + 300cc for both males and femal es. Thus the
present |y devel oped nonograns based on nornal data have predic-

tive ability.

The phonati on quotient (estimated and obtained) is given in
Tables 9 and 10 for both mal es and fenal es separately. The phona-
tion quotient (estimated) ranged from 100 cc/sec to 176.47 cc/sec
with the nmean of 131.85 cc/sec and standard deviation of 23.59
cc/sec. for males. 1n case of fenales, the phonatlon quotient

(estinmated) ranged from 102.38 cc/sec to 179.17 cc/sec with the

mean of 125.74 cc/sec and standard devi ati on of 22.96 cc/ sec.
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The phonati on quotient (obtained) ranged from 108.57 cc/sec
to 175.cc/sec with the nmean of 133.46 cc/sec and standard devi a-
tion of 21.83 cc/sec for males. |n ease of fenmal es, the phonation
guoti ent (obtained) ranged from 100.00 cc/sec to 171.88 cc/sec
with the nean of 127.07 cc/sec and standard devi ation of 21.52

cc/ sec.

t here was no significant difference betwen the two neans
for both mal es and feral es and hence the null hypothesis stating
that there is no significant difference between estinmated and

obtained PQin nales and fenal es i s accept ed.

Thus it was possible to predict phonati on quoti ent based on
the vital capacity (estimated) derived usi ng nonograns and t he
maxi mum phonati on durati on obtained in 30 subjects. Therefore
it can be concluded that it is possible to obtain phonation
qguoti ent based on maxi mumphonati on duration, and hei ght and

wei ght usi ng nonogr ans.

the equation (MPR =77 + .236 PQ (which was obtai ned by
regressing the phonati on quotient on the nean flowrate), derived
by Rau and Beckett (1984), was used to cal culate mean airflowrate.
The nean airflowrate (obtained and estimated) is given in Table

11 and 12 for males and fenal es separately.

The nean airflow rate (estimated) ranged from 100. 60cc/ sec
to 118.65 cc/sec with the mean of 108.58 cc/sec and standard

deviation of 5.76 cc/sec. |In case of fenales, the nean airfl ow
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rate (estimated) ranged from 101.16 cc/sec to 119. 20 cc/sec
with the nean of 106.68 cc/sec and standard devi ation of

5.42 cc/ sec.

The nean airflowrate (obtained) ranged from85.29 cc/sec
to 143.33 cc/sec with the nean of 110.99 cc/sec and st andard
deviation of 17.87 cc/sec in case of males. In case of fenales,
It ranged from86.80 cc/sec to 125 cc/sec with the nean of

106. 20 cc/ sec and standard devi ati on of 13.45 cc/ sec.

There was no significant difference between the two neasures
for both nmal es and fenal es and hence the null hypothesis stating
that there is no significant difference between estinmated and

obtained MFR in nmal es and fenal es i s accept ed.

Tabl e-13 indicates correl ation coefficient between phonation
quotients (estinated and obtai ned) and nean airflowrates (esti-

mated and obtained) anong 30 young adult subjects.

Resul ts show no significant difference between nean airflow
rate and phonation quotient neasures. These results are consistent
with findings reported by Hrano et al (1968), Rau and Beckett
(1984) and hence the null hypothesis stating that there is no
correlation between PQand MFR in nmal es and fenales is rejected.
The results al so show a significant correl ati on between nean
air flowrate and phonation quotient (estinmated and obt ai ned).

A though the regression estinated wean airflow rates were typically
9-10% | ower than those determ ned by the expirograph, there was
a high, positive correlation between the actual and esti nated nean

airflowrates (r =0.76).
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Vari abl e* PQo PQ MFR,
PQ 0.94
MFR, 0. 86 0.81
MFR. 0. 92 9.97 0.76

Tabl e-13: Correlation coefficients for phonation quotients
and nean air flow rate anong 30 young adult
subj ects anong t he obtai ned (from expirograph)

PQ and MFR and estimated phonation quotient and
MFR.

* PQ represents the phonati on quoti ent neasure obtai ned
fromthe expirograph while PQ represents the phonation
quotient nmeasure estimated. MR, and MFR. represents the

mean flow rate obtained fromthe expirograph and the nean

air flowrate estinated respectively.
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As reported by Jayaram (1975), the vital capacity was nore
In ease of males than in fenales, the present study al so shows
hi gher vital capacity in males than in fenales. Longer nmaxi num
phonati on durations have been shown by nmal es than in fenal es.

Simlar reports have been nade by Jayaram (1975), Fairbank (1960).

The results of the study indicate that hei ght and wei ght
of an individual can be used to predict vital capacity. Based
on this estinated vital capacity, phonation quotient can be
cal cul ated. This estinated phonation quotient hel ps in deter-
mning mean air flowrate using the formul a MFR = 77+. 236 PQ.
Hence t he hypothesis stating that there is a significant corre-
| ati on between phonation quotient and nean air flowrates in
normal adult subjects and nean air flow rate can be cal cul at ed

usi ng the phonati on quoti ent val ues i s accepted.

| nportance of neasurenent of nean air flowrate in the
di agnosi s and treatnment of voice disorders is well known (Beckett,
1971? H rano, Koi ke and Von Leden, 1968; |sshiki, 1964, 1965;
| sshi ki and Von Leden, 1964; |Iwata and von Laden, 1970; Yanagi hara
and Koi ke, 1967; Yanagi hara, Koi ke and Von Laden, 1966; Yanagi hara
and von Leden, 1967). As Rau and Beckett (1984) states that nean
air flowrate is areliable indicator of proper air usage during
phonation. Further the nean air flowrate is also related to t he
regul ation of pitch and intensity (Isshiki, 1965; I|sshiki and
Von Leden, 1964; Yanagi hara and Koi ke, 1967). The vibrations of

t he vocal cords determnes the nean air flowrate. Thus the study
of nean air flowrate would indirectly reflect the functioning of
t he | aryngeal system
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|wata and Von Laden (1970) reconmended the use of the
phonation quotient as an indicator of air usage when mean
flowrate cannot be directly determned. Hraao, Koike, and
Von Laden (1968) have reported a significant correlation
bet ween phonation quotient and nean flow rate in normal adult
subjects. Theresults of present study support the findings
of Hirano, Koi ke aad Von Leden (1968) i.e, both the estinated
phoaation quotient and nean air flow rate and obtai ned phonation
quotient and nean air flowrate have shown hi gh positive corre-
| ation.

Results of the present study also confirns the reports of
Ran and Beckett (1984) that the mesa flow rate can be estinated
fromthe vital capacity sadthe maxi mum phonation duration
Baaed on these, Rau and Beckett (1984) states "speech clinicians
who wish to apply the approach developed in this study may use
a stopwatch and an inexpensive, conpact spirometer to nmeasure
vital capacity and nmaxi numphoaation duration. These two measures
allow for a phonation quotient to be calculated and then adjusted
by means of the reported equation to estinmate mean flow rate.

The desirable features of portability and econony of voice
Instrumentation were with the three spirometers used in this study.
The instruments say be earried ear nmoved about easily within any
clinical setting, as they are battery or manual Iy operated. They
are equipped with disposabl e nouth pieces aad conpact carrying
Cases.
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Based on t hese consi derations, we suggest that the need for
i ncreased utilization of instrunmentation for screening of vocal
function can be relieved through the use of inexpensive spironeters.
By deriving a phonation quotient, clinicians can estinmate nean
flowrates for their patients to determne if nore extensi ve assess-

ment is required, and if referral is indicated.

W mght also note that the estinmated nean fl ow rate nethod
reported here has been used repeatedly within thevoiceclinic
at our university with excellent clinical results, in both diag-
nosi s and therapy. Qur clinical inpression over recent nonths
has been that the cal culated val ues closely match nean flow rate

val ues obtai ned by nore preci se and conventional instrunentation.

Studies are needed to provide sinple and accurate estinated

val ues for children.™

Thus they have found this nmethod of estimating nmean flow
rate as an useful clinical fool and recommended further studies
to "provide sinple and accurate estinated val ues” for children.
The present study attenpted to further sinplify the nmethod of
estimating nmean flow rat* by using hei ght and wei ght of an indi-
vidual to estinmate thevital capacity instead of an instrunent
| i ke spironmeter or expirograph to assess the vital capacity.
Results of the present study are consistently indicated that there
Is no significant difference between the estinated and obtai ned
vital capacities and nean airflowrates. Thus a sinpler nethod

of estimating nean flow rate has been devel oped. This nethod
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requires only a wei ghing machine, a measuring tape, and a
stopsaatch to assess mean flewrate. |t is hopethat this
met hod can be used to get reliable and valid nean air flow
rate values in clinical population as done by the previous

investigators (Ramand Beckett, 1984).
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SUMVARY AND CONCLUSI ONS

The nmeasurenent of all flow has gained inportance in recent
years in screening, assessing, and treating voice disorders

(Rau and Beckett, 1984).

The study was conducted to findout the possibilities of
|. Predicting vital capacity based on height and wei ght of an
individual; and I'l. to predict nean air flowrate based on vital
capaci ty and maxi num phonation duration and to validate the

nmet hods.

The experinment was carried out is two parts. In Part
1, 30 normal nmal es, age ranging from18 to 29, with a nean age
of 21.47 years, and 30 normal fermales, age ranging from1l7 to
22, with a nmean age of 20.8 years served as subjects. The vital
capacity were determ ned usi ng expirograph. Based on their
hei ght and wei ght, and vital capacity nmeasured a 'nonogrami was

constructed for males and fenal es separately.

The maxi mum phonati on duration was neasured for each
subj ect. Based on naxi num phonation duration and vital
capacity, the phonation quotient was cal cul ated fog each
i ndi vidual . Then nean air flow rate for each subject was

cal cul ated using the fornula MFR = Phonati on vol une
Phonation tine
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Further the nean air flowrate was al so determned for each
subject using the formula (MR =77 + .236 PQ given by Rau
and Beckett (1984) for both males and fenal es. The estimated

and obt ai ned nean airflow rates were conpared.

Inpart Il of the experinment, 15 nmal es age ranging from
19.5 to 30, with a nean age of 23.43 years, and 15 femnal es
age ranging from18 to 24, wth a nean age of 19.67 years served

as subj ects.

Based cm the height and weight, the vital capacity was
predi cted fox each subject (using nonograns derived in part |
of the experinent). Than correlation coefficients were found
out between VC estinated and obtai ned for nmales and fenales
separately, further the phonation quotients were predicted based
on the vital capacity (estimated) and maxi num phonati on duration
(neasured) for all the 30 subjects. The nean airflowrate was
alao estinmated using the formula MFR = 77 + . 236 PQ (which was

i ndi cated as nean flowrate esti mated).

Then the vital capacity and nean airflow rates were deter-
mned for all the subjects using routine procedure (i.e. using
expi rograph) (which were indicated as vital capacity obtained

and nean airflowrate obtained).

The phonation quotients were cal culated using vital capacity
(obtai ned) and nmaxi num phonati on duration. The phonation quotients

(estimated and obt ai ned) were conpared for each subject.
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The nmean flow rates (obtained) were conpared with the nmean
flowrates (estinmated) for all the subjects. Then correlation
coefficients were found eat between phonation quotient and
nean air flowrate (estinated and obtained). The results
i ndicated that there was no significant difference between vital
capacity estinmated and obtai ned for both nal es and fenal es.
There was also a high positive correl ation between the esti -
mat ed and obtai ned PQ and MFRs. These results indicate that
the vital capacity can be predicted baaed on hei ght and wei ght
of an individual, and it is possible to predict nean air flow

rate based on vital capacity (estimated) and naxi mum phonati on

dur ati on.

RECOMVENDATI ONS:

/ 1/ Usi ng sane nethod the study can be carried out on

| arger popul ati on.
/2] Thi s study can be repeated with different age groups.

/ 3/ This study can be carried cut on clinical population

tofindout the clinical utility of the nethod.
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