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CHAPTER |
| NTRODUCTI ON

Thor ough wunderstanding of the physiology of voi
producti on needs proper neasurenent techniques. D agnost
procedures for voice disorder conprise tests that elic
information regarding the actual process of voice producti
and the nature of the sound generated. The purpose
di agnosti c procedures are -

i) To determ ne the cause of a voice disorder,

ii) To determne the degree and extent of the causativ
di sease,

iii) To evaluate the degree of disturbance in phonator
function,

iv) To determne the prognosis of the voice disorder as we
as that of the cause of the disorder, and

v) To establish a therapeutic programre.

The production of voice depends on the co-ordinati
bet ween the activities of respiratory, phonat ory a
resonatory systens. Abnormality in any of these systens n
lead to voice disorder. The neasurenent of air flowrate a
vi bratory pattern of vocal fold provide detailed infornati
about the physiology of vocal fold during phonation. The
are different ways of direct and indirect assessnen

observation and/or neasurenent of the paraneters of voice.



Mich of the literature has indicated the inportance of
mean flow rate and nmaxi num phonation tine neasurenents in
assessing |laryngeal function. Mean air flow rate has been
showmn to be a reliable indicator of proper air usage during
phonation (Yanagi hara, Koike, and Von Leden, 1966). Mean
air flowrate is also related to the regulation of pitch and
intensity (Isshiki, 1965; I sshiki and Von Leden, 1964,
Yanagi hara and Koi ke, 1967). The vocal cords vibrate around
100-300Hz during normal conversation and even at higher

| evel s during singing.

There are studies on the sinultaneous recording of
vibratory pattern and breath flow using Laryngograph and
pneunot achograph (Kel man, Gordon, Sinpson & Morton, 1975).
I sshiki (1964) has done the sinultaneous recording of sound
pressure level, subglottic pressure, flow rate and vol une of
air exhal ed during phonation. Aer odynam ¢ (Subgl otta
pressure) and G ottographic studies of laryngeal vibratory
cycle has been reported by Kitzing, Carl bor g, Lof gvi st
(1982).

Most clinical research data reporting air fl ow
par anet ers have been col l ected from conventi ona
respironeters or pneunot achogr aphi c- pressure t ransducer
systens, which are both expensive and non-portable. And al so
t here are various techniques for studying vocal fold
vi bration which are stroboscopy, ultra sound gl ottography,

phot o-el ectric glottography etc.



Mean air flow rate in normals using Expirograph has
been studied by Krishnanurthy (1986) and dottal wave forns
in normals wusing Electroglottograph has been studied by

Sridhara (1986) in Indian popul ation.

St udi es have not been reported so far regarding
si mul taneous recording of mean air flow rate and gl ottograns

usi ng Expirograph and El ectrogl ottograph.

The purpose of this study is to record Mean Air Fl ow
Rate (MAF) and dottograns simultaneously using Expirograph

and El ectrogl ottograph which are sinple and inexpensive.

The purpose of the present study was to find out the
relationship between MAF rate and different paranmeters of
gl ottograns at

a) Habitual frequency (HF)
b) HF. + 50Hz,

c) HF. + 100Hz, and

d) Below H F.

15 normal nales and 15 normal fenmamles in the age range
of 17 to 27 years were studied usi ng Expi r ogr aph
El ectrol aryngograph, WM SI pitch and H gh Resolution Signal

Anal yzer.

MAF rate and Open Quotient (0OQ), Speed Quotient (SQ

and Speed Index (SI) were determ ned at each |evel



Hypot hesi s:

1. There is no significant difference in MAF rate a
different frequency levels in nmales and fenales.

2. There is no significant difference in MF rate a
different frequency |evels between males and fenal es.

3. There is no significant difference in different paraneter
of glottograns at different frequency levels in males an
f emal es.

4. There is no significant difference in different paraneter
of glottograns at different frequency |evels between nale
and fenal es.

5. There is no significant relationship between MAF rate an
different paraneters of glottogranms in males and fenal es

Limtations:

1. Only 30 normal subjects were studied.

2. Only vowel /a/ was studied.

3. EGG & MAF rate relationships at different intensity
| evel s were not studied.

| npli cations:

1. It provides information regarding MAF rate and vibrator
pattern at different pitch |evels.

2. The nethod wused can be applied clinically and to stud
these and other paranmeters in |arger population of th
sane age groups, and other age groups.

3. The results can be wused as data to evaluate voic
di sorders for the purpose of diagnosis.

4. The results can be used to evaluate the progress nade b
cases during and after therapy.



CHAPTER | |

REVI EW CF LI TERATURE

"TO SPEAK OF AVAOCE IS TO SPEAK OF A PERSQON!
(Mur phy, 1964, P1).

Speech is the systemthat man has found to be far nore
efficient and convenient than any other for conmunication

(Denes and Pinson, 1973).

Speech is a nethod of getting nmneaningful responses
t hrough the use of audi ble words and gestures produced by the

activity of the human body (E senson & Boase, 1964).

According to Greene (1980), "Voice is the nusical sound
produced by vibration of the vocal cords in the larynx by air
fromthe lungs. This process is known as phonation. Voice is
a vehicle for conmunication, it conveys intrinsic linguistic
and grammatical features of stress and intonation in speech

so that voice and speech are exclusively human attributes”.

Dfferent workers in the field have defined voice

differently.

M chel and Wendahl (1971) define voice as "t he
| aryngeal nodulation of the pulnonic air stream which is
then further nodified by the configuration of the voca

tract”. This definition is used in the present study al so.

"Wien vibrating, the vocal folds provide a w de range
of quasi-periodic, nodulations of the airstream accounting
for wvarious tonal qualities, reflecting the different ways

t he vi brator behaves". (Brackett, 1971)



Voi ce production involves a conplex and precise control
by the central nervous systemof a series of events in the

peri pheral phonatory organs.

There are two main theories of phonation:
1. Myoel astic-aerodynam c theory,
2. Neurochronaxic theory.

These two theories of voice production have dom nated
much of the literature.

"The nyoel asti c-aerodynanm c theory postulates that the
vocal folds are subject to well established aerodynamc
principles. The vocal folds are set into vibration by the air
stream fromthe |ungs. The frequency of vibration of voca
cords is dependent upon the length, tension and mass of the
vocal cords. These factors are regulated primarily by the
delicate interplay of the intrinsic |aryngeal nuscles
(Luchsi nger and Arnold, 1965). The nyoel astic-aerodynam c
theory was first advanced by Miuller in 1843 and later
nodi fied by Tondorff (1925) and Smth (1954). but its salient
features have remai ned unchanged through the years". (Zeniin,

1981)

"The D.C flow of air is converted into A C  sound
pul ses, as during the production of sound, the vocal cords
are in adducted position. In this position, they vibrate
alternately, opening and closing the glottis for very short
peri ods. Actually it is the air current fromthe lungs that

separates the vocal cords and open the glottis. But as the



air begins to streamout through the narrow glottis,

suction takes place which draws the vocal cords togethe
again (the Bernoulli effect). | medi ately, the subglotti
pressure again forces the vocal folds apart, and the ai
streans out through the glottis. The vibratory novenents ar
performed at a frequency, determ ned by, anong other things
the tension of the vocal cords. Their vibratory frequenc
inturn determne the frequency of the air puffs which are th

primary source of the sound". (Fletcher, 1959)

Thus, the "vocal sound is produced by the rapid
periodic opening and closing of the vocal cords that segnen
a steady expiratory air flow fromthe lungs into a series o
air puffs or pulsations. The frequency of the wvocal cor
vi bration corresponds to the fundanental frequency (pitch) o
the | aryngeal sound. Intensity of voice (loudness or vol une
is largely dependent upon the devel opnent of proportionatel
hi gher levels of subglottic pressures. Fundanent al frequenc
(pitch) is determned primarily by changes in vocal cot
tension and length. However, changes in subglottal a
pressure and novenents of the larynx may also bring abou
changes in pitch. The capacity of the lungs to produce a
flow also limts the frequency of phonation. Vocal productio
is therefore vitally dependent upon the forces of expiratio
for the snoboth and steady nai ntenance of subglottal ai

pressure". (Gould, 1971. 1974; CGould and Ckanura, 1973, 1974

The nyoel asti c-aerodynam c theory of phonation has be

guantified and tested with mathematical nodels (Titze, 1980



The nodel s suggest that vocal fold oscillation is produced as
a result of asymetric forcing functions over closing and
opening portions of the glottal cycle. For nearly uniform
ti ssue displacenents, as in falsetto voice, the asymetry in
the driving forces can result fromthe inertia of the air
moving through the glottis. This inertia can in turn be
enhanced or suppressed by supraglottal or subglottal voca

tract coupling. More obvi ous and pronounced asymetries in
the driving forces are associated with non-uniformvocal fold
ti ssue displacenents. These are conbi nations of normal tissue
nmodes and can result in vertical and horizontal phase
differences along the surfaces, as observed in chest voice.

The range of oscillations increase anong various nodels as
nor e freedom in the sinul ated tissue novenent S
incorporated. O particular significance in initiating and
mai nt ai ni ng oscillations are the vertical notions that
facilitate coupling of aerodynam c energy into the tissues
and allow tissue def ormati ons under condi ti ons of
inconpressibility. Vertical displacenents also can have a
significant effect on vocal tract excitation. Control  of
fundanental frequency of oscillation is basically nyoel astic,
partially as a result of nonlinear tissue strain over the
vi brational cycle. Titze (1980) has stated that "this places
l[imts on the control of fundanmental frequency by subglotta

pressure and, forces such control to be inseparably connected
with vibration and anplitude, or less directly, wth voca

intensity".



The neurochronaxi ¢ theory was proposed by Hussa
(1950) . This states that each new vibratory cycle i
initiated by a nerve inpulse transmtted fromthe brain t
the vocalis mnuscle by way of the recurrent branch of th
vagus nerve i.e., the frequency of the vocal fold vibratio
is dependent wupon the rate of inpulses delivered to th
| aryngeal muscl es. Various studies have supported an
contradicted both the theories. According to Fant (1960) an
Titze (1980), the nost comonly accepted one is th

nyoel astic theory.

Both speaking and singing require an outgoing ai
stream capable of activating vocal fold vibration. ( Boone

1983)

Vocal fold vibration (phonation) first requires fol
appr oxi mati on. The intrinsic adductors of the laryn
approximate the folds in the neutral position, where th
natural size/mass and elasticity of the folds determne th
rate of vibration; the emtted air flow passes through th
approxi mati on opening, blowing the folds apart, the stati
mass of the folds tends to bring them back to their neutra
position; the Bernoulli vacuumeffect draws the folds eve:
cl oser together than when they are in their neutra
approximation state; the vibratory cycle repeats itself

(Boone, 1983)



The vocal pitch is related directly to the frequency o
vocal fold vibration. The primary nechanism for increasin
the pitch is to elongate the folds by contracting th
cricothyroid nuscles (Sonnien, 1954; Hollien, 1960; Hollie
and Mbore, 1960; Danste et.al. 1968; Faaborg-Anderson, 1957
Arnol d, 1961; Yanagi hara and Von Leden, 1966; Hirato et.a
1967; Gay et.al. 1972).

Pitch lowering may be produced by a decrease |
activity of nuscles (i.e., decrease in tension) that ar
already contracting while increasing pitch. (Erickson and
At ki nson, 1976)

The vocal folds usually vibrate at 100-300Hz during
normal conversation, and even at |IOOOHz or nore during
si ngi ng.

The subglottal pressure which builds up when the folds
above are approxinmated devel ops enough force to blow them
apart. This air flow force is opposed both by the static
force of the nuscle and ligament mass itself and by the
Ber noul | i ef fect. The Bernoulli effect is the nmedial
di spl acenment of the vocal folds towards one another due to a
vacuum produced in the glottal chink by the air stream Wile
air flow rate has been constant until the flow reaches the
constricting glottis, it then increases its velocity, rushing
through what is left of the glottal opening. The resulting
vacuum attracts the folds together, and is thus partially
responsible for conpleting their vibratory cycle of being
blown apart initially by the outgoing air stream and then

returning to nmedial approximation. (Boone, 1977)
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The nean air flow rate varies with the frequency and
intensity of voice (lIsshiki, 1959; Isshiki & Von Leden, 1964,
Yanagi hara & Koi ke, 1967).

"The air flow rate is generally considered to be the
rate at which air is expelled from the nouth during

phonation". (Borden and Harris, 1980)

The nean air flowrate of a sustained vowel (usually
vowel /al/) has been used as a practical value for evaluating
phonatory function. It is obtaind by dividing the tota
volume of air wused during phonation by the duration of
phonation. Two types of phonation have been adopted for
measuring MAF. They are:

a) Maxi num sust ai ned phonation, and
b) Phonation over a specified period of tine (Hrano, 1981)

H rano (1980) states, while discussing the aerodynamc
tests, t hat "the aerodynamic aspects of phonation is
characterized by four paraneters:

a) Subglottal pressure,

b) Supraglottal pressure,
c)G ottal inpedence and

d) Volune velocity of the airflow at the glottis.
The values of these paraneters varies during one vibratory
cycle according to the opening and closing of the glottis.
These rapid variations in the values of aer odynam ¢
paranmeters cannot usually be neasured in living humans

because of technical difficulties".

11



The four paraneters are related as shown bel ow

Psub - Psup = MFR x GR D

where Psub is the nean subglottal pressure;

Psup is the nean supraglottal pressure;

MFR is the nmean flow rate represented as a wunit
vol urme vel ocity; and

GR is the nmean glottal resistance.

The 'mean' here inplies the root nean square (rns) val ue.

When the phonation is associated with an open voca
tract, as in the case of open vowels, the supraglotte
pressure is equal to the atnospheric pressure. In thi
circunstance the foll ow ng equation applies

Psub = MFR x R 2

The determ nation of the subglottal pressure calls fo
an invasive approach. The glottal resistance cannot b
directly neasured, it is calculated fromthe nean flow rat

and the nmean subglottal pressure using equation (2).

The neasurenment of vital capacity reflects the tota
volume of air available for phonation, thus indirect

depicting the condition of the respiratory system

The neasurenent of nean air flow rate reflects th
glottal area during the vibration of the vocal cords, i
terns of flow rate, which in turn would show the status an

functioning of laryngeal system

The volune and force of the air streamdetermne th

frequency, intensity, and duration of phonation on on
experiment. Thus it becones inportant to study the tota
volume of air, the nmean air flow rate and subglottal a

12



pressure to understand the relationship between these factors
and frequency, intensity of voice and duration for which

phonati on can be sustai ned.

The air flow is inportant in bringing about vocal fold
vi brations. The subglottal pressure, provides an indication
of cord closure as well as information about frequency of

vi bration of the vocal cords.

The actual relationship between the subglottal air
pressure and pitch is confusing because of the diversity in
approaches. Although rises in pitch may be acconpanied by
increases in subglottal pressure, increases in subglotta

pressure need not always produce rise in pitch.

Kol man, Gordon, Sinpson, and Morton (1975) have studied
vocal function by breath flow neasurenents usi ng
pneunot achograph respironetry system in both normal and
abnormal groups during quiet respiration, and sustai ned
phonation of /i/, /el and /a/ at normal, highest and | owest
pitches at confortable sound pressure level. The vibratory
pattern of the vocal folds was obtained using a Laryngograph
(Fourcin and Abberton, 1971). Many dysphonic subjects had
shown abnormalities in their breathing patterns even during
quiet respiration, while other were seem quite nornal.

(Kelman et.al. 1975)

13



Aerodynam ¢ and gl ottographic studies of the I|aryngea
vibratory cycle by Kitzing, Carlborg and Lofqvist (1982
indicated that the subglottal pressure was higher at onset o
vibrations for the hard attact conpared with the breath
attack. Fundanental frequency at onset of phonation wa
almost identical in the two conditions, whereas the ope

quoti ent was higher for the breathy than the hard attack

| sshi ki (1959) noted in el ectri cal stimulatio
experinments on dogs that pitch was acconpani ed by increasing
air flow alone and that pitch el evation was acconpanied by
i ncreasi ng subglottic pressure when air flow remained
constant. Ladefoged and MKinney (1963) found "fairly good
correl ation between subglottal pressure and the |ogarithm of

the frequency of vibration of the vocal cords".

Ti ntke et.al. (1958), Von Leden (1961) and Van den Ber
(1957) have denonstrated the effect of subglottic pressure or
pitch i.e., pitch increases with increase in subglottal a

pressure.

Pressman and Kelman (1955) state that the actua

variation pr oduced in pitch by pressure changes wa
relatively small. An increase in subglottic pressure wt
| aryngeal tension held constant, produced a negligible
(relatively small) rise in pitch. |In addition, pitch change:

were nediated primarily through nodifications in glottic

tensi on and nmass of the vocal cords.

14



Li skovius (1846) stated that pitch elevated as th
glottic chink narrowed and subglottic pressure increased, an
with a constant glottal opening, pitch rose in response t
increased air pressure alone.

Mul  er (1843), working with human cadaver |arynges an
nodel s, noted that an increase in vocal intensity w thout a
increase in pitch had to be acconpanied by a decrease
tension of the vocal folds. He also suggested that pitch ros

in response to increasing air flow

Rubin (1963) reported a carefully controlled experinent
on thirty-eight dogs, in which he found that variations
air flow, wthin physiological Iimts, did not alter pitch
His results support the findings of Piquet, Decroix, Libers
and Dujardin (1956), Dunker and Schlosshaver (1958) an
Fressard and Vallencien (1957). Rubin (1963) did note
however that the conplexity of the frequency and th

intensity increased with increases in air flow

Al kin (1902) has concluded from observations of th
vocal folds in living humans that vocal intensity was highe
when there was a small glottal opening because, "when th
val ve was closed, the whole pressure of the breath was actin
upon the reed, and the sound was nore intense. \Wen it was
open, the subglottic pressure escaped and the intensity
di mnished". Curry (1940) has stated that increases in a
pressure above the mnimal value necessary to initiate
vibration at a given frequency determ ne the anplitude of the

vi bration and hence the intensity of phonation.

15



Farnsworth (1940) noted that as intensity increased,
the vocal folds remained closed for a proportionately |onger
time during each vibratory cycle. He also noted that the
maxi rum di splacenent of the vocal folds increased wth
intensity, but not proportionately. Pressman (1942) was in
agreement wth Farnsworth (1940). He has stated that the
anplitude of the vibratory novenent becones greater as
subglottal pressure increases, the increased excursion of the

m dl i ne was nore conpl ete.

Van den Berg (1956) and Ladefoged (1960) have
denonstrated a relation between subglottal pressure and
intensity; that 1is, sound pressure |evel of the voice was

proportional to the square of subglottal pressure.

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

the nost elenentary considerations, was virtually inpossible.

| sshiki (1964) investigated the relationship between
vocal intensity (sound pressure |level), subglottal pressure,
air flowrate, and glottal resistance. I sshi ki (1964) nade

si mul t aneous recordi ngs of sound pressure |level of the voice,

subglottal pressure, air flow rate, and volunme of air

16



expenditure during phonation at various pitch and intensity
| evel s. I sshiki (1964) used a single human subject and found
that at low pitch phonation, the intensity of the voice
raised by an increase in glottal resistance, that 1is, the
nmedi al conpression of the folds and their tension increased
to provide nore resistance to air flow At high pitch, the
intensity was probably controlled, not by changes in glotta

resi stance, but by the rate of air flow through the glottis.
This air flowwas nediated, by the forces of exhalation

Charron's (1965) data has also supported the findings of
I sshiki (1964).

It need not be supposed that an increase in voca
intensity should significantly affect the rate of expenditure
of air. Although the anount of subglottal pressure required
for phonation was higher, the resistance of the larynx was
also greater, and volune flow per unit tine may actually be
decreased. This point of view is supported by Isshiki (1964)
and by Ptacek and Sander (1963), who found that some of their
subjects were able to maintain |oud, | owfrequency phonati on
for considerably I|onger durations than soft or noderately
| oud phonations. Because the vocal folds were in the closed
phase for a greater proportion of the vibratory cycle at high
intensity than at low intensity phonations- there was |ess

time for air flow to occur.

17



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

changing pitch, to some extent and intensity.

H rano et.al . (1970) reported that the increase in MFR
with increasing intensity was much greater in falsetto than

in heavy, or nodal voice.

Wl fe and Sette (1935) denonstrated that in singers a
consi st ent increase in SPL wth increasing fundanmenta
frequency for a 2-octave range, after which the output
appeared to decrease with further increases in fundanenta
frequency. The SPL range from | owest to highest fundanenta
frequency produced at maximumeffort by the singers was
approximately 30dB. In another study using 50 male and fenal e
subject, the results indicated that a uniform increase in
maxi mum sound pressure level occured wth increases in
fundamental frequency. The voices tested had approxi mately 3-
octave range, and a 51dB range fromthe softest to | oudest
sound produced. Stout (1938) has stated that with an increase
in fundanental frequency, there was a concomttant increase
in sound pressure level but the anmount of increase varied as
a function of the vowel produced. Colton (1969) found that
the vocal SPL of both singers and naive subjects was greater
in nmodal than in falsetto pitch range, and that there was a
consi st ent i ncrease in SPL as f undanent al fregeuncy

i ncreased.

18



McHenry and Reich (1985) have opined about effective
airway resistance and vocal sound pressure level in Cheer-
| eaders with a history of dysphonic episodes. They state that
"the control of vocal SPL is an extrenely conplex process
involving the unconscious mani pul ation and interaction of
nunerous variables (Fant, 1982) and often vary both wthin
and between speakers". It is also viewed that SPL increases
primarily as a result of heightened glottal resistance and
exhal atory air flow (Isshiki, 1965, 1969). Individuals who
habi tual | 'y I ncrease vocal SPL by rmarkedly i ncreasi ng
| aryngeal nuscle effort without a substantial sinultaneous
increase in respiratory effort, presumably, are nore likely
to develop laryngeal pathology than those who concomttantly
increase respiratory effort ( Boone, 1977) . Ther ef or e,
effective use of respiratory nechanism is necessary in

driving the generator better.

"Large lung volune and better air flow rate will help
in getting voice for a longer duration". (Bouhuys et.al.

1966, Mead et.al. 1968)

Schnei der and Baken (1984) have reported the influence
of lung volume on the relative contributions of glotta
resi stance and expiratory force to the regulation of
subgl ottal pressure. That is, lung volunme does influence the
consi stency and strength of relationship between air flow,

and intensity and pitch.

19



"The normal speaker uses only a snall anmount of his
total vital capacity for speaking" (CGoldman and Mead, 1973)
i.e., the normal speaker uses only about twi ce the air volune
for speech that he uses for a quiet easy nornal (or tidal)

br eat hi ng.

Hrano et.al. (1968) correlated phonation quotient
(Mital capacity/ maxi num phonation duration) with the flow
rates in normal subjects, indicating that, higher flow rates
were generally associated with shorter phonation durations or

| arger vital capacities.

H rano (1981) presents the normal values of MAF rate of
adults as reported by several investigators and he states
that "the average values of MAF rate range from89 to 141
mmsec.. = .~ no consistent difference in MAF rate has been
observed between the nmales and the females, either during
maxi mum  sustained phonation and the phonation over a
confortabl e period, or between results obtained either wth

the spironmeter or the pneunotachograph”.

Shi genor i (1977) reported that MFR was significantly
smal ler for the school children of the first grade than those
of the other groups. There is also difference in MFR between

boys and girls.

20



100Hz,

Large et.al. (1972) conpared the MFR val ues of five
mal e singers singing in the head register and in the falsetto
(ranging from 230 to 525 m/sec, and an average of 398
m/sec) than in the head register (ranging from 100 to 310
m /sec, and average of 219 m /sec). Hrano (1970) and Hi rano

et.al. (1970) reported simlar findings.

Mcd one (1967) nmeasured MR in five male and five
femal e subjects during vocal fry phonation and reported that
the M-R ranged between 2 nl/sec to 71.9 m/sec. He did not
find any consistent relationship between the MR and the

vocal fry frequency.

Kunze (1964) and Isshiki (1964) have reported the fl ow
rates of 100 cc/sec for normal phonation in nodal registers.
Jayaram (1975) has reported the flow rate range of 62.4
cc/sec to 275 cc/sec in normal males and 71.42 «cc/sec to
214.23 cc/sec in normal fenales. Yanagi hara et.al. (1966)
have reported ranges of 110 to 180 cc/sec in nornmal males and

f emal es.

Shashi kala (1979) found MAF rate at different |evels of
frequency i.e., at optimmfrequency (OF), OF + 50Hz, OF +
OF + 200Hz and OF - 50Hz. The conclusion of the study

was that the MAF rate was mninmum at optinmm frequency than

at other frequencies.

21



Krishnanmurthy (1986) studied 30 young normal fenales
and 30 young normal nales and he reported that the nean air
flow rate in case of males ranged from 67.5 cc/sec to 135
cc/sec with the nean of 105.79 cc/sec and in fenmales it
ranged from 62.5 cc/sec to 141.67 cc/sec wth the mnmean of

105.79 cc/ sec.

Gordon, Morton, & Sinpson (1978) stated that "the
analysis of air flow nmeasurenents and condensor m crophone
and | ar yngogr aphi c recor di ngs woul d provi de enough
information for accurate evaluation of the dysphonic voice in
a clinical situation".

The inability to maintain flow rate at a normal |evel
was found to be a significant factor in the production of
dysphonic voice. 79.5% of patients wi th nmechanical dysphonia

showed a disorder of flowrate (Gordon et.al. 1978).

Beckett (1971) found that wi th dysphonics the nean flow

rate may vary from 20 cc/sec to 1000 cc/sec.

The nmean flow rate in nost cases of recurrent |aryngea
nerve paralysis was greater than in normals. MR was a good
indicator of the phonatory function in recurrent |aryngea
nerve paralysis and it was used as a nonitor of treatnent.
(Hrano et.al. 1968; Hi rano, 1975; Isshiki, 1977; Saito,

1977; Shigenori, 1977)

According to Shigenori (1977) MFR in patients of Sul cus
vocalis ranged from50 to 723 m/sec. In nore than half the

cases of laryngitis, the MFR was within the normal range.
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In many cases with nodule, polyp, and polypoid swelling
(Rei nke's edema) of the vocal fold, the value of MR exceeded
the normal range, but not marked as in cases with recurrent
| aryngeal nerve paralysis. Shigenori  (1977) reported a
positive relationship between the MFR and the size of the
lesion. MR frequently decreased after surgical treatnent of

the |l esion (H rano, 1975; Saito, 1977; Shigenori, 1977).

In cases with tunors of the vocal fold(s), the value of
the MFR varied frompatient to patient. Isshiki and Von Leden
(1964) reported that in case of a large tunmor, MR always

exceeded the normal range.

In cases with contact granul oma, MR was usually w thin
normal limts. Hrano et.al. (1968) showed that the val ue of
MFR in cases with Spastic dysphonia ranged from63 to 186

m /sec and did not exceed the normal range in any case.

These studies have indicated the relationship between
frequency, intensity, subglottal air pressure and nmean air
flow rate and further they have also indicated that the voca

function can be assessed by air flow nmeasurenents.

Subglottal pressure is somewhat difficult to measure,
since the neasuring device nust be |ocated below the glottis
in the trachea in order to record the pressure build up when
the vocal folds are in closed position. It is not obtained

routinely in clinical assessnent of phonation. (H rano, 1981)
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Attenpts have been made to note the vocal cord

behavi our during different frequencies and air flow

St udi es have been carried out to find out t he
rel ati onship between pitch, intensity and different quotients
mentioned below. Qpen Quotient, Speed Quotient and Speed

| ndex.

In order to recognize the durations/velocities of the
opening and closing phases of vocal cord vibration, Tintke,
Von Leden and Moore (1958) introduced the velocity index. The

Velocity Quotient (VQ is directly proportional to vocal

intensity. In contrast, it is not influenced by changes in
pitch or register, by vocal type, or by sex. (Luchsi nger,
1965)

D fferent workers have provided different descriptions
of the glottal wave fornms. H rano (1981) divides one
vibratory cycle into opening phase, closing phase, open phase

and cl osed phase.

Various quotients and indices have been obtained using
the nmeasurenments of duration of different phases of the

vibratory cycle in order to study the glottal wave forns.

duration of the open phase

The Open Quotient (0OQ =

duration of entire cycle
Longer the open phase, larger the OQ The value of OQis 1.0

when there is no conplete glottal closure.
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duration of the opening phase

The Speed Quotient (SQ=
duration of the closing phase

SQis also called as Velocity Quotient (VQ.
SQ- 1
The Speed Index (SI) =
SQ+ 1
The Speed Index values may vary from-1.00 to +1.00. It
is a relative ratio where positive values indicate nore of
opening tinme and the negative values nean nore of closing

time of vibratory cycle and zero indicating equality of the

timng.

The speed index seens to be advantageous over SQ for
the follow ng reasons:

1. Sl ranges from-1 to +1, whereas SQ ranges over |arge
val ues.

2. Wen tw wave forns have the sane triangular shape and
one is the reverse of the other (with respect to time),
the SI takes equal absolute values with reverse signs.
On the other hand, the SQ takes two different val ues
whose product is 1,

3. One can visualize the wave formfrom SI values nore
easily than SQ val ues,

4. S has a simlar relationship with the spectra
characteristics of the wave formthan SQ (Hrano et.al.
1981).

It has been denonstrated mathematically (Flanagan
1958) and experinentally (Van den Berg, Zantema  and
Doorenbal , 1957; Tincke, Von Leden and Mbore, 1958) that
vocal intensity increases along wth efficiency of the
glottal generator as the opening quotient decreases i.e., as

the fraction of the glottal cycle during which the glottis is
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open becones snmaller. A small open quotient describes a
condition in which strong, short glottal pulses excite the
vocal tract to resonate higher harnonics, the sharper the
puf f, the richer the glottal wave in the high frequency
conponents. In other words higher harnonics characteri ze,
acoustically powerful efficient vocal tones (Tinctke, Von

Leden and Moore, 1958).

The followng figure sunmarizes the rel ati onshi ps
between opening and closing phase with respect to voca

intensity (Zemin, 1981).
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An inportant feature of the figure is the stability of
the opening phase, which apparently is not related to
| oudness; the small variations that did occur in this phase
showed no consistent relationship to | oudness. Conversel y,
| oudness was clearly a function of the closing phase, and the
velocity quotient has been found to vary consistently wth
the intensity of the sound produced (Tintke et.al. 1958). It

can be seen that, the rate of the percentage of the vibratory
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cycle during which they will be approxinmated. Hence, it
affects both open quotient and speed quotient as well as

intensity of the voice. (Perkins, 1982)

Tincke et.al. (1958) found that "as | oudness increases,
so does the l|ateral displacenent of the vocal folds as they
are bl own open nore vigorously". For trained voices, however,
sone have observed less |ateral excursion and a |onger period
of closure during a vibratory cycle than for untrained voices
(Bell Labs, 1977; Fletcher, 1954). This suggests that
| oudness and vocal efficiently are nore dependent on the
abruptness wth which the cords close than on the distance

they are driven apart.

Per ki ns (1982) states t hat "t he physi ol ogi ca
adjustnents to account for the optiml production of |oudness
have not been described definitely .~ = the key to voca
efficiency is an adjustment that permts a short closing
phase for each cycle. The fact that the closing phase, not
the opening phase, varies wth intensity points to sone
condition operating during closure that does not operate
during opening". He quotes Van den Berg (1958) who proposed
three basic factors responsible for glottal closure nanely -

1. Decrease of the subglottal air pressure as air escapes
through the glottis.

2. Tension of the vocal folds, and

3. The "sucking" effect of the escaping air (the pressure-

reducing effect of the Bernoulli's phenonenon that
permts vocal fold tension to close the glottis nore
qui ckly), the pressure reduction being greatest where

velocity is greatest.

27



Van den Berg (1958) states that "the first two factors
could account for glottal closure and |oudness, and perhaps
to do with inefficiently produced voices'. Van den Berg
(1958) concludes that "the farther the displacenent of the
vocal fold, the greater the escape of air through the
glottis, the greater the reduction of subglottic pressure and

the nore cord tension will act to close the glottis".

In trained voice, Perkins (1982) states that, the size
of the glottal opening through which air can escape tends to

i npede rat her than enhance, pressure decrease.

Fl etcher (1950) found that the duration of the closed
phase of the vibratory cycle increases with intensity and

maxi mum glottal area remains essentially constant.

Soron (1967) has devel oped sound synchronized high
speed cinenmatography equipnent with which he has produced
data relevant to this problem He has found that positive air
pressure peak wthin the glottal cycle varies wth the
proportion of the time that the cords are closed (OQ), wth
the cords closed about 50% of a glottal period, the acoustic
peak appears during early opening time of the glottis. As the
proportion of closure tine decreases, the position of the
acoustic peak noves to a later point in the glottal area
where peak coincides, when the glottis does not close, the

acoustic peak occurs during the closing phase.
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Ohal a (1966) on the other hand, has used a gl ottograph
with which he has found peaks of pressure during the closing
phase of the glottal cycles in which cord-closure tinme was
relatively long, contradicting Soron's findings (1967).

"What these divergent results point to, is the
conplexity of the relationship anobpng a Ilarge nunber of
variables that affect vocal production. Mich work remains,
especially to determne how the variables interact as pitch
and | oudness are regul ated". (Perkins, 1982)

Ti ntke, Von Leden and Moore (1958, 1958, 1960) using a
| aryngosynchroni c stroboscope and an oscilloscope were able
to neasure the influence of intensity changes on vocal cord
vibration with the pitch level remaining the sane. Ti ntke
(1960) found that the open quotient was inversely proportion
to the change in vocal intensity. In other words, the open
quotient with falling intensity and decreased with increasing
intensity. Tinctke (1960) obtained the followi ng values in a
singer who phonated the tone of 160 c.p.s. Open quoti ent
with Pianissimo 0.70, wth forte 0.44. However, Luchsinger's
(1965) analysis of a high speed film recorded with a tenor

did not provide confirmation of Tincke's (1955) findings. In

this case, the following paranmeters were recorded. Two
sust ai ned pitch levels of 327 c.p.s. and 325 c.p.s.
respectively, and precisely recorded sound pressure of 65 and
80 phones. And they concluded that open quotient was
practically independent of sound intensity. Luchsinger (1965)
found the open quotient as 0.66 and 0.66 for two pitch levels

recorded at 65 phones and as 0.66 and 0.62 for two pitch
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| evel s recorded at 80 phones contradicting the results of
Ti ntke's (1960) study.

Kitzing and Sonneson (1974) studied 20 young fenales
during normal phonation using E GG and found the values for
open quotient, speed quotient and rate quotient (RQ . For |ow
pitch the values were 0.63, 1.1, and 2.3 and for high pitch,
it was 0.77, 1.1, and 1.7 respectively. For weak intensity
the values were 0. 83, 1.1 and 1.5 and for strong intensity
they were 0.70, 1.1 and 2.1 respectively.

They concl uded that:

OQ increases with increasing pitch and decreasing intensity.

SQ increases with increasing intensity and not influenced by
pitch.

RQ i ncreases with increasing intensity of tone and
decreasi ng pitch.

Fourcin (1979) made si nul t aneous recordi ngs of
el ectroglottograns and air flow velocity curves for different
nodes of phonation, and described the interpretation of the
el ectrogl ot t ograns.

Sridhara (1986) studied 15 young normal males and 15
young normnal females during normal phonation of vowels /al,
/il and /u/ using EGG and found the values for OQ SQ Sl
'S Ratio, Average jitter and Average Shi mrer Hs results
i ndi cated the follow ng val ues:

Q of 0.52 for all the three vowels in both mles and
femal es.

SQ of 1.84 (in males) and 2.17 (in females) for all the
three vowels /a/, /i/, and /u/.

S of 0.30 in males and 0.37 in fermales for the vowels /al,
{1/ and / u/.
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Hanson et. al. (1983) conpared three cases with voca
pathologies wth a normal subject using photoglottograns.
They have calculated different quotients for conparison and
chief anong them were:

1. OQ which was 0.44 for normal and 0.84, 0.42 and 0.55 for
pat hol ogi cal subj ects;

2. SQwhich was 1.3 for normal and 5.2, 2.66 and 1.90 for
pat hol ogi cal subjects.

Kitzing et.al. (1982) have found OQ for different types
of voice. For breathy voice, they found OQ of 0.79 and for
creaky voice an OQ of 0.35. They have also found 0.67 and.
0.46 for breathy and hard attacks. Discussing about this they
state that " = the differences between hard and breathy
attacks are due to different patterns of coordination of
respiratory and |aryngeal adjustnments === ".

As reviewed earlier, Mean air flowrate and vocal cord
vibration plays an inportant role in determning the pitch
and intensity. Some workers have indicated that nean air flow
rate is determined by the glottal resi st ance. Thei r
rel ati onship between the frequency and nean air flow rate is
not yet resolved. i.e., whether the nmean air flow rate
determ nes the frequency of vibration or the tension (glotta
resi stance) determnes the nmean air flowrate is not yet
clear, or it may be, as sone state, that the frequency of
vocal cord vibration is determned by the interplay of these
two factors. However, it can be stated that the study of
these two paraneters would help in understanding the process

of voice production.
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A single aspect of voice production such as pitch
shoul d not be evaluated in isolation but as part of the voice
production system and the relationship between flow rate and
pitch nust be given due significance (Cordon, Morton and

Si npson, 1978).

Wen electroglottograns are obtained sinultaneously
W th t he gl ottal air flow curves, a gualitative
interpretation of the electroglottograns becones possible.

(H rano, 1981).

The present study ains at finding the relationship
between MFR and OQ  SQ and SI at different frequency |evels

usi ng Expirograph and El ectrogl ottograph.
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CHAPTERI | |
IVETHCDOLQGY

The study was conducted to note the relationship
between the nean air flow rate and Electroglottograns at
Habi tual frequency (HF), HF + 50Hz, HF + 100Hz, and HF - 50Hz

(or | owest possible) with intensity being constant.

15 normal males and 15 nornal fermales in the age range
of 17 to 27 years were taken as subjects. No subject was
included who had any history of Ear, Nose and Throat
probl ens/ voi ce probl ens. The experinments were conducted at
the Speech Science Laboratory of All India Institute of

Speech and Heari ng.

The Experinental set-up

The follow ng instrunents were used for the study:
El ectro-| aryngograph (Kay El emetrics Corporation),
VISl pitch (Kay El enetrics Corporation, type 6087),
H gh Resol ution Signal Analyzer (B & Ktype 2033) (HRSA),

Expi rograph (Toshnival & co.),

o r w D E

St op wat ch.

The above instruments were arranged as shown in the

bl ock diagram 1 and phot ograph- 1.
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Fig.l: Bl ock diagram of instrunments used

The subject was seated confortably in front of t he
instruments. The two electrodes were placed on the skin
adjacent to the thyroid cartilage. The position of the
el ectrodes were adjusted until clear Lx wave fornms appeared

on the HRSA screen, when the subject phonated.

The signal from El ectrol aryngograph was sinmultaneously
fed to VISI pitch, to note the frequency and intensity, to
HRSA, to obtain display of glottogram The display of WS
pitch was wused to aid the subject to nonitor the frequency
and intensity. The display of glottogram on HRSA was used to

measure various phases of vocal fold vi bration.
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HhoEograph—]:Mgaaurement of .MAF rate and
-Electroglottograns simultaneously

880UV BOKKE

Photograph-2:Electroglotiograime
(Lx Wave form)




| NSTRUCTI ONS:

"I amgoing to put these electrodes on your neck, and

we are neasuring air flow and novenents of your vocal cords.
Please say /a/ into this nouth piece at your confortable
voice and you can see how you are saying /a/ (showing the
VISI pitch) and let your voice be steady. You can see a
steady line inthis. See to it that there is no air | eakage.
Stop phonating when | ask you to stop". Denonstrations and

expl anati ons were provi ded whenever necessary.

The subject was asked to stop phonating immediately

after 10 secs of phonation.

MAF rate was calculated for these 10 secs for each
subj ect by noting the volunme of air <collected during
phonation and dividing it by 10.

Phonati on vol ume

Phonation tinme (10 secs)

This procedure was selected as Hrano (1981) reported
that there was no difference in MAF val ues as neasured using
maxi mum sust ai ned phonati on, and phonation over a specified
period of time or between results obtained either with the

Spironeter or the Pneunotachograph.

Usi ng “he sane procedure, MAF rate and gl ottograns were
determ ned at HF + 50Hz, HF + 100Hz and HF - 50Hz (or | owest
possi ble), Kkeeping the intensity constant. +/- 5dB variation

of intensity and +/- 5Hz in frequency was all owed.
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G ot t ographi ¢ measurenents:

To find out open quotient (0OQ), speed quotient (SQ and
speed index (SlI), the HRSA displays tinme in mlliseconds on
X-axis and anplitude of the signal in mllivolts on Y-axis
were considered. The time at any given point could be
nmeasured by noving the cursor horizontally to any point.
Using this facility the duration of glottal-wave form at
different points i.e., Pll_through P7 were neasured as in

‘.f‘x
i >

1 L} - Pé

|' ;
[ ; f‘l
| /

i § < '
Fig.2: Show ng different phases of vibratory cycles
in nmsecs.

P3 - PI - dosing period

P5 - P3 = Opening period

P6 - P5 = (Qpen period

P7 - P2 - Period of vibratory cycle

P4 - P2 - Base of contact phase
P7 - P4 = Base of open phase
H1 - Height of contact phase

H2 = Height of open phase
Open phase P7 - P4
Open quot i ent = =
Entire vibratory cycle P7 - P2
Opening time P5 -P3
Speed Quotient = = -
Closing tinme P3 - P1
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SQ- 1
Speed | ndex = @00 --
SQ+ 1
oQ, SQ and SI were calculated for five consecutive
cycles for the vowl /a/ at habitual frequency, 50 Hz above

and 100Hz above habitual frequency and below habitual

frequency;

Five subjects were retested in order to check the
reliability. Test and retest results were correlated. The

results were tabulated and anal yzed.
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CHAPTER |V
RESULTS AND DI SCUSSI ONS

The mean air flow (MAF) rate was found to differ wth

respect to changes in frequency of vocal cord vibration
(Isshiki, 1966; Md one, 1967).

The habitual frequency (HF) ranged from 100 to 140Hz
wth a nmean of 117.33Hz in males with the intensity being
constant. +/-5dB variations were allowed. Intensity ranged
from 50dB to 60dB with a nean of 55dB.

The MAF rate at habitual frequency in the present study
ranged from 60 cc/sec to 170 cc/sec wth a nean of 106. 66
cc/sec in males. Table-1 depicts the MAF rate val ues shown by
the mal e subjects at Habitual frequency. 1, 2, 3 & 4 refers
to Habitual frequency, HF + 50Hz, HF + 100Hz & below HF

respectively in all the tables.

Subj ect VAF1 oQL SQL Sl
No. cc/ sec
1. 80 0.55 0.77 -0.13
2. 95 0.54 1.29 0.13
3. 135 0. 60 1.05 0. 02
4, 60 0.57 2. 66 0. 45
5. 100 0.64 0. 68 -0.19
6. 150 0. 53 1.05 0.02
7. 80 0.55 1.64 0.24
8. 75 0.53 1.58 0.22
9. 140 0. 50 2.04 0.34
10. 170 0. 49 3.33 0.54
11. 135 0.55 1.65 0.25
12. 120 0.54 3.54 0. 56
-13. 85 0. 56 2.03 0.34
14. 75 0. 43 1.79 0.28
15. 100 0.55 1. 27 0.12
MEAN 106. 66 0.54 1.76 0.21

Table-1: Mean air flow (MAF) rate, Open quotient (0OQ,
Speed quotient (SQ and Speed index (SI) of
gl ottogranms at Habitual Frequency in nales.
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HF + 50Hz ranged from 145Hz to 195Hz with a nean of
167. 73Hz, Intensity ranged from 50dB to 60dB with a nean of
55dB

The MAF rate at HF + 50Hz ranged from 45 cc/sec to 260
cc/sec with a nmean of 120 cc/sec in males. Table-2 depicts

the MAF rate val ues shown by the nale subjects at HF + 50Hz.

Subj ect MAF2 o 2 Sl 2
No. cc/ sec
1. 100 0.78 2.89 0. 48
2. 45 0.54 1. 66 0.25
3. 135 0.54 2. 83 0. 48
4, 100 0. 56 1.47 0.19
5. 170 0. 63 3.27 0.12
6. 155 0.47 1.69 0. 26
7. 75 0.55 3.12 0.51
8. 80 0.48 1.87 0. 30
9. 150 0.48 3.04 0.50
10. 85 0.55 1.86 0. 30
11. 130 0.51 6. 07 0.72
12. 80 0.52 4. 03 0. 60
13. 110 0.78 0.51 -0.32
14. 125 0. 47 2.41 0.41
15. 260 0.54 1.39 0. 16
VEAN 120 0. 56 2.54 0. 33

Table-2: MAF rate and different paraneters of gl ottograns
at HF + 50 Hz in mal es.

The difference between the neans of habitual frequency
and HF + b50Hz was 50.4Hz in mles. Statistical analysis
revealed that HF and HF + 50Hz were significantly different

from each other and they were correl ated.

The difference between the neans of MAF rate at HF and
HF + 50Hz was 13.84 cc/sec. Statistical analysis reveal ed
that they were not significantly different from each other

and they were not correlated.
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and they were not correl ated.

HF + 100Hz ranged from 195Hz to 245Hz with a nean of
220. 13Hz. Intensity ranged from 50 to 60dB with a nean of
55dB.

The MAF rate at HF + | OOHz ranged from 65 cc/sec to 240
cc/sec with a mean of 140.06 cc/sec in males. The values of

MAF rate as shown by male subjects at HF+100Hz are given in

t abl e- 3.
Subj ect MAF3 (00¢] S SI 3
No. cc/ sec
1. 106 0. 62 1.03 0.01
2. 70 0. 49 1.18 0. 08
3. 165 0.51 2.20 0. 38
4, 125 0.55 1. 02 0.01
5. 185 0.59 3.37 0.54
6. 125 0.39 2.72 0. 46
7. 65 0. 48 1.82 0.29
8. 100 0. 48 2.23 0. 38
9. 180 0.51 2.94 0. 49
10. 135 0. 46 1.58 0.22
11. 140 0. 45 4. 46 0. 63
12. 170 0. 47 3.34 0.54
13. 120 0. 67 1.73 0.27
14. 175 0.59 0.31 -0.53
15. 240 0.55 1.49 0.20
MEAN 140. 06 0.52 2.09 0. 26

Tabl e-3: MAF rate and different paraneters of glottograns at
HF + 100Hz in nal es.

The difference between the nmeans of HF and HF + | QOOHz
was 102.8Hz. Statistical analysis revealed that HF and HF +
100Hz were significantly different from each other and they

were correl ated.

The difference between the neans of MAF rate at HF and
HF + 100Hz was 33.34 cc/sec. Statistical analysis reveal ed

that they were significantly different from each other and
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they were correl ated.

Frequency bel ow habitual frequency ranged from 75Hz to
120Hz with a nean of 91. 66Hz. Intensity ranged from 50dB to
60dB with a nean of 55dB.

The MAF rate at bel ow habitual frequency ranged from 3
cc/sec to 120 cc/sec with a nean of 61.27 cc/sec in males, as

given in table-4.

Subj ect VAF4 oA sS4 Sl 4
No. cc/ sec
1. 3 0. 40 4.81 0. 66
2. 50 0.53 0.85 -0.08
3. 10 0.52 3.26 0.53
4, 10 0. 62 1.65 0.25
5. 3 0.52 4,12 0.61
6. 120 0.55 1.11 0.05
7. 120 0.32 1.33 0.14
8. 65 0.48 2.48 0.43
9. 115 0.57 1. 47 0.19
10. 45 0. 48 2.89 0. 49
11. 75 0.44 1.92 0.32
12. 100 0.73 0.92 -0.04
13. 25 0. 57 5. 60 0.70
14. 3 0.42 5.23 0. 68
15. 175 0. 65 4. 83 0. 67
VEAN 61. 26 0.52 2.83 0. 37

Tabl e-4: MAF rate and different paraneters of glottograns at
bel ow HF i n nal es.

The difference between the neans of HF and bel ow HF was
25. 67Hz. Statisti cal analysis revealed that they were
significantly different from each other and they wer e
correl ated.

The difference between the neans of MAF rate at HF and
bel ow HF was 45.39 cc/sec. Statistical analysis reveal ed that

they were significantly different from each other but they
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were not correl ated.

Wien the neans of frequency of HF + 50Hz and HF + 100Hz
were conpared, a difference of 53Hz was obtained. Statistica
anal ysis revealed that they were significantly different from

each other and they were correl ated.

The difference between the neans of MAF rate at HF +
50Hz and HF + | 00Hz was 20.06 cc/sec. Statistical analysis
revealed that they were significantly different from each

ot her and they were correl ated.

Wen the nmeans of frequency of HF + | 00Hz and bel ow HF
wer e conpar ed, a difference of 130Hz was obt ai ned.
Statistical analysis revealed that they were significantly

different from each other and they were correl ated.

The difference between the neans of MAF rate at HF +
|OOHz and below HF was 78.8 <cc/sec. Statistical analysis
revealed that they were significantly different from each

ot her but they were not correl ated.

Wien the neans of frequency of HF + 50Hz and bel ow HF
wer e compar ed, a difference of 25.67Hz was obtained.
Statistical analysis revealed that they were significantly

different from each other and they were correl at ed.

The difference between the neans of MAF rate at HF +
50Hz and below HF was 58.74 «cc/sec. Statistical analysis
revealed that they were significantly different from each

ot her but they were not correl ated.
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Tabl e-5 shows the summary of these results.

MAF2 MAF 3 MAF4
MAF1 + +
MAF2 + +
MAF3 +

Tabl e-5: Significance relationships of MAF rate

at different frequency levels in nales.

not significantly different
significantly different

Habitual frequency in the present study in fenales

ranged from 195Hz to 260Hz with a nean of 223.4Hz. Intensity

ranged from 50dB to 60dB with a nmean of 55dB.

The

MAF rate at HF ranged from 50 cc/sec to 175 cc/sec

wth a nean of 101.33 cc/sec in fenunles. Details of the

results given in tabl e-6.

Subj ect MAF1 oQL SQL S1
No. cc/ sec
1. 70 0.43 3.46 0.55
2. 135 0.51 3.45 0.55
3. 120 0. 56 4.08 0.61
4. 135 0.54 1.41 0. 17
5. 135 0.49 2.17 0. 37
6. 75 0.51 2.97 0.50
1. 105 0.55 2.16 0. 37
8. 80 0. 52 1.32 0.14
9. 75 0.54 1.88 0.31
10. 175 0. 66 0.75 0.14
11. 80 0.59 1.02 0.01
12. 120 0.52 1.92 0.32
13. 80 0. 56 3.49 0.55
14. 85 0.52 1. 37 0.16
15. 50 0.54 3.14 0.52
MEAN 101. 33 0.54 2.31 0.33
Table-6: NMAF rate and different paraneters of glottograns at

HF in fenal es.
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HF + 50Hz ranged from 235Hz to 315Hz with a mean of
274. 06Hz. Intensity ranged from 52dB to 60dB with a nean of
56dB.

The MAF rate at HF + 50Hz in fenmales ranged from 40
cc/sec to 175 cc/sec with a nean of 98.33 cc/sec. Tabl e-7

reveal ed the details of data with respect to this group.

Subj ect MAF2 o s 32
No. cc/ sec
1. 60 0. 47 5. 08 0. 67
2. 150 0.51 3.00 0.50
3. 175 0. 57 2.73 0. 46
4. 120 0. 48 2.34 0. 40
5. 115 0. 45 5. 45 0. 69
6. 85 0.51 2.18 0. 37
7. 130 0.51 1.90 0.31
8. 85 0.50 2.11 0. 37
9. 80 0. 45 2.50 0. 43
10. 160 0. 64 0.70 -0. 18
11. 70 0.54 1.67 0.25
12. 80 0. 62 0. 64 -0.22
13. 55 0.51 4,54 0.64
14. 70 0.52 3.20 0.52
15. 40 0. 47 5.28 0. 68
VEAN 98. 33 0.52 2. 88 0. 39

Table-7: MAF rate and different paraneters of glottograns at
HF + 50Hz in femal es.

The difference between the neans of HF and HF + 50Hz
was 50.66Hz. Statistical analysis revealed that they were
significantly different from each other and they were

correl at ed.

The difference between the neans of MAF rate at HF and
HF + 50Hz*was 3 cc/sec. Statistical analysis reveal ed that
they were not significantly different from each other and

they were correl at ed.
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HF + 100Hz ranged from 300Hz to 360Hz with a nean of
328. 13Hz. Intensity ranged from50 to 60dB with a nean of
55dB.

The MAF rate at HF + |OOHz in fenmales ranged from 55

cc/sec to 180 cc/sec with a nmean of 112.33 cc/sec, as given

intabl e-8.
Subj ect MAF3 (09¢] S&B SI 3
No. cc/ sec
1. 55 0. 43 4.21 0.61
2. 110 0. 58 3.89 0. 59
3. 180 0. 49 2.18 0. 37
4. 150 0.52 2.49 0. 43
5. 155 0.54 2.86 0. 48
6. 100 0.51 2.33 0. 40
7. 160 0.58 2.13 0. 36
8. 85 0. 49 3.21 0.52
9. 70 0.59 3.51 0. 56
10. 165 0.73 0. 69 -0.20
11. 115 0. 48 1.82 0.29
12. 75 0. 59 1.04 0. 02
13. 75 0.51 3.09 0.51
14. 90 0. 49 4. 36 0. 63
15. 100 0. 49 2.13 0. 36
MEAN 112. 33 0.53 2.66 0. 39

Tabl e-8: MAF rate and different paraneters of glottograns at
HF + 100Hz in fenal es.

The difference between the neans of HF and HF + 100Hz
was 100Hz. Statistical analysis revealed that they were
significantly different from each other and they were

correl at ed.

The difference between the neans of MAF rate at HF and
HF + 100Hz was 11 cc/sec. Statistical analysis revel aed that
they were not significantly different from each other but

they were correl ated.
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The frequency bel ow HF ranged from 135Hz to 220Hz with
a mean of 180.26Hz in femal es. Intensity ranged from50 to

60dB with a nmean of 55dB.

The MAF rate at bel ow HF ranged from 30 cc/sec to 160

cc/sec with a nean of 80.67 cc/sec as given in table-9.

Subj ect MAF4 o4 sS4 S4
No. cc/ sec

1 30 0. 45 2.56 0.44

2 110 0.53 2.68 0. 46

3 100 0. 62 2.41 0.41

4, 55 0.50 1.87 0. 22

5. 120 0. 48 1.81 0.29

6 60 0. 48 1.71 0. 26

7 80 0.54 1.71 0. 26

8 85 0.51 1.68 0.25

9 60 0. 47 2.31 0. 40

10 160 0. 65 1.15 0. 07

11 70 0. 58 1.06 0.03

12 75 0. 57 1.38 0. 16

13 70 0. 60 1.09 0.04

14 95 0. 63 1.91 0.31

15 40 0.58 1.31 0.13

MEAN 80. 66 0. 55 1.78 0. 25

Tabl e-9: MAF rate and different parameters of glottograns at
bel ow HF in fenmal es.

The difference between the nmeans of HF and bel ow HF was
43. 14Hz. Statistical analysis revealed that they were

significantly different from each other and they wer e

correl at ed.

The difference between the neans of MAF rate at HF and
bel ow HF was 20.67 cc/sec. Statistical analysis reveal ed that

they were significantly different from each other and they

were correl ated.
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The difference between the neans of HF + 50Hz and HF +
100Hz was 54Hz. Statistical analysis revealed that they were
significantly different from each other and they wer e

correl at ed.

The difference between the neans of MAF rate at HF +
50Hz and HF + 100Hz was 14 «cc/sec. Statistical analysis
revealed that they were significantly different from each

other and they were correl ated.

The difference between the neans of HF + 100Hz and
bel ow HF was 148Hz. Statistical analysis revealed that they
were significantly different from each other and they were

correl at ed.

The difference between the neans of MAF rate at HF +
100Hz and bel ow HF was 31.66 cc/sec. Statistical analysis
revealed that they were significantly different from each

other and they were correl ated.

The difference between the nmeans of frequency at HF +
50Hz and bel ow HF was 94Hz. Statistical analysis revealed
that they were significantly different from each other and

they were correl ated.

The difference between the neans of MAF rate at HF +
50Hz and below HF was 17.67 <cc/sec. Statistical analysis
revealed that they were significantly different from each

other and they were correl ated.
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Tabl e- 10, shows the summary of the significance
rel ati onshi ps between neans of MAF rate at di fferent

frequency levels in females.

MAF2 MAF3 MAF4
MAF1 - - +
MAF2 + +
MAF3 +
Tabl e- 10: Significance relationships of MAF rate at

different frequency levels in fenales.
In summary, MAF rate at HF and HF + 50Hz were not
significantly different from each other, but in other
conditions, they were significantly different from each other

in mal es.

MAF rate at HF and HF + 50Hz, HF + 100Hz were not
significantly different from each other, but in other
conditions they were significantly different from each other

in femal es.

Table-11 and G aph-1, shows the nmeans of MAF rate in

cc/sec at different frequency levels in males and fenales.

VAF1 VAF2 VAF3 NVAF4

Mal es 106. 66 120 140. 06 61. 26
Fenal es 101. 33 98.33 112. 33 80. 66

Tabl e-11: Means of MAF rate in nales & females at different
frequency |evels.

The MAF rate in males was found to increase wth
i ncrease in frequency and decrease wth decrease in
frequency, whereas in females it was found that there was

slight decrease in MAF rate at HF + 50Hz conpared to HF and

48



GRAPH L. H.FREGUENCIES w/s HAF
158,

125 | -
8 B g

:m'-""“_-#_ n“:g‘
nr = o
£k
" ’_-’
:wiﬂl--ﬂ'
P s |
P

Lo
R

TN
Lot g |

e s e e e S e e i T s KA N e

35

HF-58Hz HF HF +58Hz

| HABITUAL FREQUENCIES
CIMALES O FEMRLES

HFt 188kz



there was an increase in MAF rate at HF + 100Hz and decrease
in MAF rate at below HF. So, the hypothesis-1 stating that
"there is no significant difference in MAF rate at different

frequency levels" was rejected both in nmales and fenal es.

The difference between the nmeans of MAF rate in nmales
and females at HF was 5.33 cc/sec only. Statistical analysis
reveal ed that they were not significantly different from each

ot her and they were not correl ated.

The difference between the neans of MAF rate at HF +
50Hz in males and females was 21.67 cc/sec. Statistica
analysis revealed that they were not significantly different

from each other and they were not correl ated.

The difference between the neans of MAF rate in nales
and fenmmles at HF + |OOHz was 27.73 cc/sec. Statistica
analysis revealed that they were not significantly different

from each other and they were not correl ated.

The difference between the neans of MAF rate in nales
and femal es at below HF was 19.4 cc/sec. Statistical analysis
reveal ed that they were not significantly different from each

ot her and they were not correl ated.

MAF rate at HF, HF + 50Hz, HF + 100HZ and bel ow HF
between nales and females were not significantly different

from each other and they were not correl ated.
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At HF, there was not nuch difference in MAF rate
between mal es and femal es conpared to other frequencies.

The summary of these results are shown in table-12.

VAF1 MAF2 MAF3 MAF4

Bet ween
males & - - - -
f emal es

Tabl e-12: Significance relationships of MAF rate between
mal es and femal es.

The MAF rate at different frequency levels were not
significantly different from each other between nmales and
females. So, the hypothesis-2, stating that "there is no
significant difference in MAF rate at different frequency

| evel s between nmal es and femal es” was accept ed.

H rano (1981) presents the normal values of MAF rate of
adults as reported by several investigators and he states
that "the average values of MAF rate in habitual phonation
ranges from89 to 141 m/sec". In nost reports, the value

ranges approximately from 70 to 200 m/sec.

Large et.al. (1972) conpared the MAF rate val ues of
five male singers singing in the head register and in the
fal setto voice at the sane fundanental frequency and
intensity. MAF rate was nmuch greater in falsetto (ranging
from230 to 525 nml/sec, and an average of 398 nl/sec) than in
the head register (ranging from 100 to 310 ml/sec, an average
of 219 m/sec). Hrano (1970) and Hrano et.al. (1970)

reported simlar findings.
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Mcd one (1967) neasured MAF rate in five male and five
female subjects during vocal fry phonation and reported that
the MAF rate ranged between 2 m/sec to 71.9 m/sec. He did

not find any consistent relationship between the MAF rate and

the vocal fry frequency.

Kunze (1964) and Isshiki (1964) have reported the flow
rates of 100 cc/sec for normal phonation in nodal registers.
Jayaram (1975) has reported the flowrate range of 62.4
cc/sec to 275 cc/sec in normal males and 71.42 cc/sec to 214

cc/sec in nornal fenml es.

Yanagi hara et.al. (1966) have reported ranges of 110 to

180 cc/sec in normal mal es and fennl es.

Shashi kala (1979) reported that the MAF rate was found
to be mninum at optinmm frequency (OF) conpared to OF +

50Hz, OF + 100Hz, OF + 200Hz and OF - 50Hz.

Krishnanmurthy (1986) found MAF rate which ranged from
67.5 cc/sec to 135 cc/sec with a nean of 105.79 <cc/sec in
mal es and 62.5 cc/sec to 141.67 cc/sec with a nean of 105. 79

cc/sec in fennl es.

The results of the present study are also simlar to
the results of Krishnanurthy (1986) study at habi t ual

frequency.
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Open quotient (OQ at habitual frequency ranged from
0.43 to 0.64 with a nean of 0.54 in nales as shown in Table-

1.

At HF + 50Hz, OQ ranged fromO0.47 to 0.78 with a nean

of 0.56 in males as given in Table-2.

The difference between the neans of OQ at HF and HF +
50Hz was 0.02 in nmales. Statistical analysis reveal ed that
they were not significantly different from each other and

they were not correl ated.

At HF + 100Hz, OQ ranged from 0.39 to 0.67 with a mean

of 0.52 in males as shown in Tabl e-3.

The difference between the neans of OQ at HF and HF +
100Hz was 0.02 in males. Statistical analysis reveal ed that
they were not significantly different fromeach other and

they were not correl ated.

OQ at below HF ranged from0.32 to 0.73 with a nean of

0.52 in nmales. The details of the results shown in Tabl e-4.

The difference between the nmeans of OQ at HF and bel ow
HF was 0.02 in males. Statistical analysis revealed that they
were not significantly different from each other and they

were not correl at ed.

The difference between the neans of OQ at HF + 50Hz
and HF + 100Hz was 0.04 in nmales. Statistical analysis

revealed that they were significantly different from each
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other and they were correl ated.

There was no difference between the neans of OQ at HF +
100Hz and bel ow HF. Statistical analysis revealed that they
were not significantly different from each other and they

were not correl at ed.

The difference between the neans of OQ at HF + 50Hz and
below HF was 0.04. Statistical analysis revealed that they
were not significantly different from each other and they

were not correl at ed.

In summary, OQ was significantly different only between
HF + 50Hz and HF + 100Hz. In other conditions, they were not

significantly different from each other.

Tabl e-13, shows the summary of the above results (QOQ

in mal es.

oL
o +
0B

Tabl e-13: Significance rel ationships of OQ at different
frequency levels in males.

MAF rate and OQ at different frequency |evels were not
porrelated in nmales. So, the hypothesis-5, stating that
“"there is no relationship between MAF rate and different
paraneters of glottograns at different frequency |evels"” was

accepted with respect to OQ in mal es.
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OQ at habitual frequency in females ranged from0.43 to
0.66 with a nean of 0.54. The details of the results shown in

Tabl e- 6.

At HF + 50Hz, OQ in females ranged fromO0.45 to 0.64

with a nean of 0.52 in females as given in Table-7.

The difference between the neans of OQ at habitual
frequency (HF) and HF + 50Hz was 0.02 in fenmales. Statistical
anal ysis revealed that they were not significantly different

from each other but they were correl ated.

At HF + 100Hz, OQ in fenmales ranged from0.43 to 0.73

with a nean of 0.53 in fenmles as shown in Tabl e-8.

The difference between the neans of OQ at HF and HF +
100Hz was 0. 01. Statistical analysis revealed that they were
not significantly different from each other, but they were

correl at ed.

At bel ow HF, OQin females ranged from0.45 to 0.65

with a nean of 0.55 as shown in Tabl e-09.

The difference between the nmeans of OQ at HF and bel ow
HF in females was 0.01. Statistical analysis revealed that
they were not significantly different fromeach other and

they were correl ated.
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The difference between the neans of OQ in fenmales at HF
+ 50Hz and HF + 100Hz was 0.01. Statistical analysis reveal ed
that they were not significantly different from each other,

but they were correl ated.

The difference between the neans of OQ in fenales at HF
+ 100Hz and bel ow HF was 0.02. Statistical analysis reveal ed
that they were not significantly different from each other

and they were not correlated.

The difference between the neans of OQ in females at HF
+ 50Hz and below HF was 0.03. Statistical analysis revealed
that they were significantly different from each other and

they were correl ated.

In summary, OQ was significantly different from each
other at HF + 50Hz and below HF condition, but in all other
conditions they were not significantly different from each

other. These results are shown in Tabl e-14.

oL _ _
o - +
OB -

Tabl e-14: Significance relationships of OQ in fenales
at different frequency |evels.

MAF rate and OQ at different frequency levels were not
correlated in females. So, the hypothesis-5 stating that
“"there is no relationship between MAF rate and different
paraneters of glottograns at different frequency |evels' was

accepted with respect to OQ in females.
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Tabl e-15 and Graph-2, shows the neans of OQ in nales

and females at different frequency |evels.

QL o2 OB oA

Mal es 0.54 0. 56 0.52 0. 52
Fermal es 0.54 0.52 0.53 0.55

Tabl e-15: Means of OQ in nales & females at different
frequency | evels.

There was not nuch difference in OQ values wth
changing frequency both in mles and females. So, the
hypot hesi s-3 stating that "there is no significant difference
in different paraneters of glottograns at different frequency

levels" in males and fenmal es was accepted with respect to OQ

There was no difference in the neans of OQ at habitua
frequency between males and fenmal es. Statistical analysis
al so revealed that they were not significantly different from

each other and they were not correlated.

The difference in the neans of OQ at HF + 50Hz bet ween
mal es and fenal es was 0.04. Statistical analysis revealed
that they were not significantly different from each other

and they were not correl ated.

The difference in nmeans of OQ at HF + 100Hz between
mal es and females was 0.01. Statistical analysis revealed
that they were not significantly different from each other

and they were not correlated.
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The difference in the neans of OQ at bel ow HF between
males and fermales was 0.03. Statistical analysis revealed
that they were not significantly different from each other
and they were not correlated. The summary of these results

are shown in Tabl e-16.

0QL 0@ 0® 0¥

Bet ween
mal es & - -
f enual es

Tabl e-16: Significance relationships of OQ between
males & females at different frequency
| evel s.

In summary, OQ between nmales and fenales at different
frequency levels were not significantly different from each
other. So, the hypothesis-4 stating that "there is no
significant difference in different paraneters of glottograns

at different frequency |evels" between nales and fermal es was

accepted with respect to OQ

In males, OQ was less at below HF and HF + 100Hz
conpared to HF. At HF + 50Hz there was an increase in OQ

conpared to HF in nales.

In fermales, wth increasing frequency, there was a
decrease in OQ val ues, and below HF, there was a decrease in
OQ val ue conpared to HF, contradicting Kitzing and Sonneson's
(1974) findings who states that OQ increases wth increasing

pi tch.
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Speed quotient (SQ at habitual frequency ranged from
0.68 to 3.54 with a mean of 1.76 in males. Table-1 shows the

resul ts obtai ned.

At HF + 50Hz, SQ ranged fromO0.51 to 6.07 with a nean

of 2.54 in males. Details of the results shown in Tabl e-2.

The difference between the neans of SQ at HF and HF +
50Hz was 0.78. Statistical analysis revealed that they were
not significantly different from each other and they were not

correl at ed.

Speed Quotient at HF + 100Hz ranged from 0.31 to 4.46

with a nean of 2.09 in mal es.

The difference between the neans of SQ at HF and HF +
100Hz was 0.33. Statistical analysis revealed that they were
not significantly different from each other and they were not

correl at ed.

SQ at below HF ranged from0.85 to 5.6 with a nean of
2.83 in males as given in Tabl e-4.

The difference between the neans of SQ at HF and bel ow
HF was 1.07. Statistical analysis reveal ed that they were not
significantly different fromeach other and they were not

correl at ed.

The difference between the neans of SQ at HF + 50Hz and
HF + |OOHz was 0.45. Statistical analysis revealed that they
were not significantly different from each other and they

were correl ated.
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The difference between the neans of SQ at HF + 100Hz
and below HF was 0.74 in males. Statistical analysis reveal ed
that they were significantly different fromeach other and

they were not correl ated.

The di fference between the neans of SQ at HF + 50Hz and
below HF was 0.29 in nmales. Statistical analysis revealed
that they were significantly different fromeach other and

t hey were not correl ated.

In summary, SQ was not significantly different from
each other at different frequency levels in males. So, the
hypot hesi s- 3, stating that "there is no significant
di fference in different paraneters of gl ott ograns at
different frequency |evels" was accepted with respect to SQ

in mal es.

The significance relationships of SQ at different

frequency levels is shown in Table-17.

SQ2 S S
S@ - -
S8

Tabl e-17: Significance rel ationships of SQ at differnt
frequency levels in males.

MAF rate and SQ at different frequency |evels were not
correlated in males. So, the hypothesis-5 stating that, "they
is no relationship between MAF rate and different paraneters
of glottograns at different frequency |evels' was accepted in

mal es with respect to SQ
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SQ at habitual frequency in females ranged fromO0.75 to
4,09 with a nean of 2.31. Table-6 shows the results of SQ

obtained at HF in fennl es.

At HF + 50Hz, SQ ranged fromO0.64 to 5.45 with a nean
of 2.88 in females. Table-7 shows the results of SQ obtained

at HF + 50Hz in fenunl es.

The di fference between the neans of SQin females at HF
and HF + 50Hz was 0.57. Statistical analysis revealed that
they were not significantly different from each other but

they were correl ated.

At HF + 100Hz, SQ ranged from 0.67 to 4.34 with a nean
of 2.66 in females. Table-8 shows the results of SQ obtained

at HF + 100Hz in fenual es.

The di fference between the neans of SQ in fenales at HF
and HF + 100Hz was 0.35. Statistical analysis reveal ed that
they were not significantly different from each other and

they were not correl ated.

At bel ow habitual frequency, SQ ranged from 1.06 to
2.68 with a nean of 1.78 in fenales. Table-9 shows the
results of SQ obtained in females at below habitua

frequency.

The difference between the neans of SQ in fenales at HF
and below HF was 0.53. Statistical analysis revealed that
they were significantly different from each other, but they

were not correl ated.
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The difference between the neans of SQ in fermales at HF
+ 50Hz and HF + 100Hz was 0.22. Statistical analysis reveal ed
that they were not significantly different from each other,

but they were correl ated.

The difference between the neans of SQin females at HF
+ 100Hz and below HF was 0.88. Statistical analysis reveal ed
that they were significantly different from each other and

they were correl ated.

The difference between the neans of SQin fenales at HF
+ b50Hz and below HF was 1.1. Statistical analysis revealed
that they were significantly different from each other and it

was found that they were not correl ated.

In summary, SQ between below HF and other frequency
levels was found to be significantly different from each
other and in other conditions, they were not significantly
different fromeach other in females. So, the hypothesis-3,
stating that "there is no significant difference in different
paraneters of glottograns at different frequency |evels" was
partially accepted and partially rejected with respect to SQ

in femal es.

The summary of the significance relationships of SQ at

different frequency levels in females is shown in Tabl e-18.
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Tabl e-18: Significance rel ationships of SQ at different
frequency levels in fenales.

MAF rate and SQ values at different frequency |evels
were not correlated in femal es. So, the hypothesis-5, stating
that "there is no relationship between MAF rate and different
paranmeters of glottograns at different frequency |evels" was

accepted in females with respect ot SQ

Table-19 and Gaph-3, shows the neans of SQ val ues

obtained in mal es and fenal es.

Sl Sl S8 sS4

Males 1.76 2.54 2.09 2.83
Femal es 2.31 2.88 2.66 1.78

Tabl e-19: Means of SQ at different frequency levels in
mal es & femal es.

The difference in the nmeans of SQ between namles and
femal es at habitual frequency was 0.55. Statistical analysis
revealed that they were not significantly different from each

ot her, but they were correl ated.

The difference in the neans of SQ between nmales and
females at HF + 50Hz was 0.34. Statistical analysis reveal ed
that they were not significantly different from each other

and they were not correlated.
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The difference in the nmeans of SQ between males and
females at HF + 100Hz was 0.57. Statistical analysis reveal ed
that they were not significantly different from each other

and they were not correl ated.

The difference 1in the neans of SQ between males and
femal es at bel ow HF was 1. 05. Statistical analysis reveal ed
that they were significantly different fromeach other, but
they were not correlated. The summary of this is given in

Tabl e- 20.

Bet ween
mal es & - - - +
f emal es

Tabl e-20: Significance relationships of SQ at different
frequency levels between nales & fenales.

SQ value was high at below HF conpared to HF in nales

and there was an increase in SQ value at above HF conpared to

HF.

SQ value was less at below HF conpared to HF in fenal es
and there was an increase in SQ values at above HF conpared
to HF. So, the hypothesis-4, stating that "there is no
significant difference in different paraneters of glottograns
at different frequency |evels" between nales and fenmales was

partially accepted and partially rejected with respect to SQ

The pr esent study is contradicting Kitzing and
Sonneson's (1974) study who stated that SQ was not influenced

by pitch.
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Speed Index (SlI) at habitual frequency ranged from -0.13
to 0.56 with a nean of 0.21 in mal es. The results are shown

in Tabl e-1.

At HF + 50Hz, S| ranged from-0.32 to 0.72 wth a nean
of 0.33 in nules. Tabl e-2 shows the results of SI at HF +

50Hz in mal es.

The difference between the neans of SI at HF and HF +
50Hz was 0.12. Statistical analysis revealed that they were
not significantly different from each other and they were not

correl at ed.

At HF + 100Hs, the SI values ranged from-0.53 to 0.63
with a nean of 0.26 in males. Table-3 shows the results of S

values at HF + 100Hz in mal es.

The difference between the neans of SI at HF and HF +
100Hz was 0.05. Statistical analysis revealed that they were
not significantly different from each other and they were not

correl at ed.

At below HF, SI ranged from-0.04 to 0.70 with a nean

-of 0.37 in males. The results are shown in Table-4

The difference between the neans of SI at HF and bel ow
HF was 0.16. Statistical analysis revealed that they were not
significantly different from each other and they were not

correl at ed.
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The difference between the neans of SI at HF + 50Hz and
HF + 100Hz was 0. 07. Statistical analysis revealed that they
were not significantly different from each other and they

were not correlated in males.

The difference between the neans of SI at HF + 100Hz
and below HF was 0.11. Statistical analysis revealed that
they were not significantly different from each other and

they were not correlated in males.

The difference between the neans of SI at HF + 50Hz and
bel ow HF was 0. 04. Statistical analysis revealed that they
were not significantly different from each other and they

were not correlated in males.

SI  was not significantly different from each other at
different frequency levels in males. So, the hypothesis-3
stating that "there is no significant difference in different
paraneters of glottograns at different frequency levels" wth

respect to SI was accepted in males.

The summary of these results are shown in Tabl e-21.

Sl 2 S3 S4

SI'1
SI2
SI3

Tabl e-21: Significance relationships of SI at different
frequency levels in males.
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MAF rate and SI at different frequency |evels were not
correlated in males. So, the hypothesis-5 stating that "there
is no relationship between MAF rate and different paraneters
of glottograns at different frequency |evels' was accepted in
males wth respect to Sl.

SI at habitual frequency ranged from -0.14 to 0.61 with

a nean of 0.33 in fenales. Table-6 shows these results.

SI at HF + 50Hz ranged from-0.18 to 0.69 with a nean

of 0.39 in females. Table-7 shows these results.

The difference between the means of SI at HF and HF +
50Hz was 0.06. Statistical analysis revealed that they were
not significantly different from each other, but they were

correl at ed.

SI at HF + 100Hs ranged from-0.20 to 0.63 with a nean

of 0.40 in fenanles. Table-8 shows these results.

The difference between the neans of SI at HF and HF +
100Hz was 0.67. Statistical analysis revealed that they were
not significantly different from each other but they were not

correl at ed.

SI  at below HF ranged fromO0.04 to 0.46 with a nean of

0.25 in femal es. Tabl e-9 shows these results.

The difference between the neans of SI at HF and bel ow
HF was 0.08. Statistical analysis revealed that they were not
significantly different from each other and they were not

correl at ed.
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The difference between the nmeans of SI at HF + 50Hz and
HF + 100Hz was 0.01. Statistical analysis revealed that they
were not significantly different from each other but they

were correl at ed.

The difference between the neans of SI at HF + 100Hz
and bel ow HF was 0.15. The statistical analysis reveal ed that
they were significantly different from each oather and they

were correlated in femal es.

The difference between the nmeans of SI at HF + 50Hz and
below HF was 0.14. Statistical analysis revealed that they
were significantly different from each other at 0.05 |evel,
but they were not correlated in fenmales. The hypothesis-3
stating that "there is no significant difference in different
paraneters of glottograns at different frequency levels"” with
respect to SI in females was partially accepted and partially
rej ect ed.

Sunmary of these results are shown in Tabl e-22.

Sl 2 Sl 3 S4
Sl — — —
Sl 2 — +
Sl 3 +
Tabl e- 22: Significance of relationships of SI at

di fferent frequency levels in fenales.

MAF rate and SI at different frequency |evels were not
correlated in females. So, the hypothesis-5 stating that
"there is no relationship between MAF rate and different
paraneters of glottograns at different frequency |evles" was

accepted in females with respect to SI.
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Tabl e-23 and Graph-4, shows the neans of Sl val ues

obtained in males and femal es.

Sl Sl 2 SI 3 Sl 4

Mal es 0.21 0.33 0. 26 0. 37
Femal es 0.33 0.39 0.40 0.25

Tabl e-23: Means of SI at different frequency levels in
mal es and fenal es.
The difference in the neans of Sl values between nal es
and females at habitual frequency was 0.12. Statisti cal
analysis revealed that they were not significantly differnt

from each other but they were correl ated.

The difference in the neans of Sl between nales and
females at HF + 50Hz was 0.06. The statistical analysis
reveal ed that they were not significantly different from each

ot her but they were not correl ated.

The difference in the neans of SI between nales and
females at HF + 100Hz was 0.14. Statistical analysis reveal ed
that they were not significantly different from each other

but they were not correl ated.

The difference in the means of SI between nmales and
females at below HF was 0.12. The statistical analysis
reveal ed that they were not significantly different from each

ot her but they were not correlated.
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Tabl e- 24 shows summary of these results.

S1 Sl 2 S 3 Sl 4

Bet ween
mal es & - - - -
femal es

Tabl e-24: Significance relationships of SI at different

frequency |levels between mal es and fenal es.

SI  between nmales and females at different frequency
| evels were not significantly different from each other.- So,
the hypothesis-4 stating that "there 1is no significant
di fference in different paraneters of glottograns at
different frequency |evels' between males and females was

accepted with respect to SI.

SI  values were high at bel ow and above HF conpared to

HF i n mal es.

In fenmales, below HF the SI values were | ess conpared

to HF and high at above HF conpared to HF.

Ti ncke (1960) obtained the follow ng values in a singer
who phonated the tone 160 c.p.s. OQ with Pianissinmo 0.70

with Forte 0.44 respectively.

Luch& nger (1965) found the OQ for pitch |evels of 327
c.p.s. and 325 c.p.s. at 65 phones as 0.66 and 0.66, at 80
phones it was 0.66 and 0.62.

Kitzing and Sonneson (1974) found OQ SQ and rate
guoti ent, for low pitch they were 0.63, 1.1 and 2.3 and for

high pitch they were 0.77, 1.1 and 1.7 respectively.
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Sridhara (1986) found OQ which ranged from 0.42 to 0.60
wth the nean of 0.52 in males, and from0.49 to 0.58 wth
the mean of 0.52 in females; SQ ranged from 1.16 to 2.80 with
the nean of 1.84 in males and from 1.59 to 2.69 with the nean
of 2.17 in females; Sl of 0.30 in males and 0.37 in fenales

for all the three vowel s.

The findings of the present study are also simlar to

the findings of Sridhara (1986).

There was not much differnce in MAF rate and different
paraneters of glottograns at different frequency I|evels

between test and re-test results.

The followng conclusions were nade based on the
results of the present study:

1. There was an increase in MAF rate wth increase in
frequency and decrease in MAF rate with decrease in frequency
proportionately in nmales, whereas in females there was not an
i ncrease I n MAF rate W th I ncrease in frequency
proportionately, but there was decrease in MAF rate wth
decrease in frequency proportionately.

2. There was not much difference in OQ values at different
frequency levels both in nmales and fenales.

3. There was not nuch difference in SQvalues at different
frequency levels in males, whereas in females SQ at bel ow
habitual frequency was significantly different from other

frequency | evels.
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4. There was not nmuch difference in Sl values at different
frequency levels in males, whereas in females SI at bel ow
habi tual frequency was significantly different from SI at
above habitual frequency |evels.

5. There was no relationship between MAF rate and different
paraneters of glottograns like OQ SQand SI at different

frequency levels both in males and fenal es.
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CHAPTER V
SUMVARY AND CONCULUSI ONS

The air flow and vocal <cord vibration plays an

important role in determining the pitch and intensity. A
singl e aspect of voice production such as pitch should not be
evaluated in isolation but as part of the voice production
system and the relationship between flow rate and pitch nust

be given due significance. (Gordon, Mrton and Sinpson, 1978)

The purpose of the present study was to find out the
relationship between MAF rate and different paraneters of
glottograns like OQ SQand SI at -

a) Habitual frequency (HF),

b) HF + 50Hz,

c) HF + 100Hz, and

d) bel ow HF

15 normal males and 15 normal females in the age range
of 17 to 27 years were studied usi ng Expi r ogr aph,
El ectrol aryngograph, VISl pitch and H gh Resolution Signa

Anal yzer.

Bot h MAF rate and gl ott ogr ans wer e recorded
sinmul taneously at different frequency levels, keeping the

intensity constant.

The data obtained was subjected to statistical analysis
to find out the nean, significance of difference and co-

efficient of correl ation.
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The following conclusions were nade based on the
results of the present study:

1. There was a significant increase in MAF rate wth
increase in frequency proportionately in nmales and not
proportionately in females and proportionate decrease in MNAF
rate with decrease in frequency both in nales and fenal es.

2. There was not nmuch difference in OQ values at different
frequency levels both in nales and fenal es.

3. There was not nuch difference in SQvalues at different
frequency levels in nmales, whereas in females SQ at bel ow
habi tual frequency was significantly different from other
frequency | evels.

4. There was not much difference in SI values at different
frequency levels in males, whereas in fermales Sl bel ow
habitual frequency was significantly different from SI at
above habitual frequency |evels.

5. There was no relationship between MAF rate and different
paraneters of glottograns like OQ SQand SI at different

frequency levels both in males and fenal es.

Recommendat i ons:

1. Using the sanme nethod the study can be carried out on
| arger popul ati on.
2. Can be carried out in dysphonics.

3. Can be carried out in different age groups.
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APPENDI X

Spironeter is an instrunment which is used to neasure
pul monary function. The Spironeter is conposed of a drum
inverted in a tank of water with a tube extending from the
air space in the drumto the mouth of the person being
tested. The drum 1is suspended by a pulley and counter
bal anced by a weight. As the person breaths in and out,the
drum noves up and down and the counter weight balancing the
drum also rises up and down. A pointer records the vol unme of
air contained in the spironeter. The scale is marked either
on a wheel fixed over the pulley or on the tube containing

t he counter weight.

ELI ectrogl ott ography makes use of not i on-i nduced

variations in the electrical inpedance between two el ectrodes
pl aced over the thyroid cartilage. A weak, high frequency
voltage of 0.5-10MHz is applied to one electrode, and the
other electrode picks wup the electrical current passing
through the larynx. The transverse electrical inpedance
varies wth the opening and closing of the glottis, and
results in a variation of the electrical current in phase
with the vibratory phases of the vocal folds. This technique

was first reported by Fabre (1957).



