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| NTRODUCTI ON

Voice is the vehicle of speech. Voice has been
defined as "the laryngeal nodulation of the pulnonary air
stream which is nodified by the configuration of the voca

tract (Brackett, 1971).

Voice plays an inportant role in speech and
| anguage. The production of voice depends on the synchrony
between the respiratory, phonatory and the resonat ory
systens. Any anat om cal physi ol ogi cal or functiona
deviation in any of these systens would lead to a voice
di sorder. Therefore voice problens nust be treated, i.e.,
hel p nust be provided to the individuals with voice probl ens

to overcome the problens or atleast to cope wth the

pr obl ens.

"The treatnment of patients suffering from dysphonia
depends upon the ability to assess initially the type and
degree of voice inpairnent and also to nonitor the patient's
subsequent progress throughout treatnment” (Kelnen, 1981).
"Diagnosis is intended to define the paraneters of the
problem determ ne etiology, and outline a |ogical course of

action" (Emerick and Hatten, 1979).

The ultimate aim of studies or normality and

abnormality of voice assessnent and diagnosis of the voice



disorder is to enforce procedure which will eventually bring

back the voice of an individual to normal or optinmmlevel.

There are various neans of anal ysi ng vVoi ce,
devel oped by different workers (Hrano, 1981; Nataraja,
1986; Rashm, 1985).

The human ear has a remarkable capacity to identify
and discrimnate varying sound conplex. This psycho-acoustic
eval uation of voice is based on pitch, |oudness and quality
of voice sanple. But due to its subjectivity the perceptua
j udgenent of voice has been considered |less worthy than the

obj ective measurenents.

There are objective nethods |ike EM5  stroboscopy,

phot ogl ot t ogr aphy, el ectrogl ott ography, aer odynam ¢

nmeasur enents acoustic anal ysis, etc.

St udi es have been undertaken in the past regarding
the effectiveness of various paraneters of voi ce i's
differentiating normals from dysphonics (Jayarama, 1975;
Nat araja, 1986; Hirano, 1981) and also in nonitoring pre-
and post-treatnent changes in voices (Susheela, 1989;
Cooper, 1974; Hufnagle and Huf nagle, 1984; Wedin and Orgen,
1982; Trulinger and Emanuel, 1988; Schutte Vandenberg and
Hoeksema, 1980; Kitzung and Akerlind, 1993). The paraneter
studied and the kinds of treatnment have varied over the

st udi es.



The present study was undertaken to neasure sixteen
paranmeters of voice in normals and dysphonics before and
after voice therapy. The purpose of this study was to
determ ne the paraneters which are useful in differentiating
dysphonics fromnormals and to determ ne the sensitivity of
various paraneters, to identify even the subtle changes in
voice follow ng therapeutic intervention in the case of

dysphoni cs.
Hypot heses

1. There is no significant difference between the
normal s and the dysphonics before treatnent in terns of the

di fferent paraneters.

2. There is no significant difference bet ween
dysphonics before treatnent and dysphonics after treatnent

in terms of the different paraneters.

3. There is no significant difference bet ween
the normal s and dysphonics after treatnment in terms of the

di fferent paraneters.

The paraneters considered for the study were:
Aer odynam c paraneters
1. Vital capacity
2. Mean air flow rate
3. maxi mum phonation duration for /a/, /i/ and /ul/

4. S Z ratio



Acoustic paraneters
5. Mean fundanental frequency in phonation for /a/, /i/ and
[ ul
6. Maxi mum fundanental frequency in phonation for /al/, [i/
and / u/
7. M nimum fundanental frequency in phonation for /a/, [il

and / u/

8. Range of fundanental frequency in phonation for /a/, /il

and / u/
9. Speed of fluctuations in fundanental frequency for /[al,
i/ and /ul/
10. Extent of fluctuations in fundanental frequency for /al,
/il and /u/
11. Mean intensity in phonation for /a/, /i1/ and /u
12. Maxi mumintensity in phonation for /a/, /i/ and /ul
13. Mnimumintensity in phonation for /a/, /i/ and /u/
14. Range of intensity in phonation for /a/, /i/ and /u/
15. Speed of fluctuations in intensity in phonation for /a/,
/il and /u/
16. Extent of fluctuations in intensity in phonation for
lal, i/ and /ul/
Limtations of the study
1. The study has been Ilimted to 10 normals and 10
dysphoni ¢ subjects

2. The age range of the subjects was Iimted to 25-45

years.



Only limted types of dysphonics have been studied.
Several paraneters |ike spectral analysis harnmonic to
noi se ratio, etc. have not been included.

The dysphonics have been studied only before and after
treatnment. Internmediate changes during the course of

treat nent has not been consi dered.



REVI EW OF LI TERATURE

There is nothing nore elenental in all existence
than communication. In humans we see its ultinmate expression
in describe an event and to establish comunication is
unique to them It took mllions of years for human beings
to develop this faculty. The onset of human era IS
recogni zed to have started wth the acquisition of the
ability to comruni cate using the vocal apparatus for social
interaction. No normal person has failed to develop this
faculty and no other species is known to have devel oped this

ability.

Speech is the audible manifestation of |anguage. It
is the one form of comunication which people use nost
effectively in interpersonal relationships. Speech is a
conpl ex notor act brought about by sophisticated and fine
nmovenents of the conponents of the vocal tract and their
conplex interaction with one another. The speech results due
to fine organi zati on, co-ordination and nodul ati ons between
the respiratory, phonatory, articulatory and resonatory
systens. Wth speech people give form to their innernost
t houghts, their dreans, anbitions, surrows and joys, w thout
it they are reduced to animal noises and wunintelligible

gestures. In the real sense speech is the key to human



exi stence. It bridges the differences and distances and
hel ps to give nmeaning and purpose to their lives (Fisher

1975)

According to Boone (1985), "the act of speaking is a
very specialized way of using the vocal mechani sm demandi ng
a conbination or interaction of respiration, phonation

resonance and articul ati on.

Voice is the vehicle of speech. It is the nusical
sound produced by the vibration of the vocal <cords in the
larynx by air fromthe lungs. The inportance of voice in
speech is very well depicted when one considers the cases of
| aryngectony or even voice disorders. "Voice plays the
nmusi cal acconpaninent to speech rendering it t unef ul ,
pl easi ng, audi ble and coherent being essential to efficient

conmuni cati on by the spoken word" (Green, 1964).

Voice is nore than a means of comunication of
verbal nessages clearly. Voice constitutes the matrix of
verbal comuni cation infusing all paranmeters of human speech
and the unique self one presents to the world. Voice has
both linguistic and non |inguistic functions in any
| anguage. The degree of dependence of |anguage on these
functions varies from | anguage to | anguage. For eg. tone
| anguage rely nore upon the voice or pitch specifically than

ot her | anguages.



Voice is the carrier of speech; variations in voice,
in terns of pitch, and |oudness provide rhythms and also
break the nonotony. This function of voice draws attention

when there is a disorder of voice.

"Voicing (presence of voice) has been found to be a
maj or distinctive feature in alnost all |anguages voicing
provi des nore phonenes and nekes the | anguage broader. Wen
this function is absent or used abnormally it would lead to

a speech di sorder.

At the semantic level also voice plays a inportant
role. The use of different pitches, high and low wth the
sane string of phonenmes woul d nean different things. Speech
prosody - the tone, the intonation and the stress or the
rhythm of | anguage in a function of vocal pitch and |oudness

as well as phonetic duration.

Perkins (1971) has identified atleast five non-

linguistic functions of voice. Voice can reveal speaker

identity, i.e. voice can give information regarding sex,
age, height and weight of the speaker. Lass, Br ong,
Cccolella- Walters and Maxwell (1980) report severa

studi es which have shown that it was possible to identify
t he speaker's age, sex, race, socio-economc status, ratial

features, height and wei ght based on voi ce.



It is a prevailing notion t hat t here is a
rel ati onship between voice and personality 1i.e., voice
reflects the personality of an individual (St ar kweat her
1961, Markel, Meisels and Hauck, 1964 and Rousey and
Moriarty (1965) Fairbanks (1942, 1966) and Hutter (1967)

have concluded fromtheir studies that the voice reflects

the enotional conditions reliably.

Voi ce has also been considered to be relecting the
psychol ogi cal state of an individual for eg. a very weak
voice may indicate that the individual nmay not be Kkeeping
good health, or a denasal voice nay indicate that the
speaker has conmon cold. An attenpt has been nmade by the
Russians to find out the physiological conditions of pilots
based on voice analysis. Apart from these, it is a wel
known fact that voice basically reflects the anatom cal and
physi ol ogi cal conditions of the respiratory, phonatory and
resonatory systens, i.e. deviation in any of these systens

nay lead to voice disorders.

A recently developed aspect 1in the area of early
identification of disorders is infant cry analysis. It has
been found by many investigators (I'r1ingworth, 1981)

(I'ndira, 1982) that it is possible to identify abnornmalities

in the neonates by analyzing their cry.

Speaker identification by voice wuld be of imense

value in conputer technology (developnent of rmachines that
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will respond to speaker conmands). Forensi c medi ci ne
(ldentification of speaker by voice and lie detection) and

in defence (availability of classified informtion).

The quality of voice may becone inportant for
certain professionals for eg. radio, T.V. announcers, actors
and singers. Thus voice, has an I mpor t ant role in
communi cation through speech and there is a need for

studyi ng voi ce.

The term voice has been differently defined by
different people. "The Random House dictionary |lists 25
primary and secondary definitions of voice, the first of
which is, the sounds or sounds uttered through the nmouth of

t he human bei ngs in speaking, shouting, singing, etc.

Some definitions of voice restrict the termto the
generation of sound at the level of the larynx, while others
i nclude the influence of the vocal tract upon the generated
tone and still others broadens the definition by including

aspects of speech like articulation and prosody.

Judson and Weaver (1942) defines voice as "laryngea
vi bration (phonation) plus resonance". Further they state
that phonation is the production of tone by the I|aryngea

generator.
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The formula P = S.T. has been used by Fant (1960) in
whi ch speech sound P is the product of the source S and the

transfer function of the vocal Tract--T.

"When di scussing the production of speech, it should
be noted, that the source S of the formula, P = ST is an
acoustic disturbance, superi nposed upon t he flow of
respiratory air and is caused by a quasiperiodic nodulation
of the airflow due to opening and cl osing novenent of voca

fold" (Fant, 1960)

M chael and Wendahl (1971), after review ng various
definitions of voice define voice as "The | ar yngea
nmodul ation of the pulnonary airstream which is then further

nodi fied by the configuration of the vocal tract.

Though there are varied definitions of voice. It is

a difficult task to define normal voice.

An attenpt has been nmade by Nataraja and Jayarama
(1975) to review the definitions of normal voice critically.
They have concluded that each of the available definitions
of voice have used. Subjective terns, which are neither

defi ned nor neasurabl e.

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

optimum frequency as its fundamental (habitual) frequency.
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It is apparent that a good voice is a distinct asset

and a poor voice, may be a handicap. If a person's voice is

deficient enough in same respect, that it S not a
reasonably adequate vehicle for comrunication, if it is
distracting the I|istener, one can consider this as a
di sorder.

In general the follow ng requirenent can be set to
consider a voice as adequate as stated by Iwata and Von
Leden (1978)

1. The voice nust be appropriately | oud.

2. Pitch level must be appropriate. The pitch |evel
must be considered in terns of age and sex of the individua
Men and wonen differ in vocal pitch |evel

3. Vocal quality nust be reasonably pleasant. This
criterion inplies the absence of such unpleasant qualities
i ke hoarsenesses, breathiness, harshness and excessive
nasality.

4. Flexibility must be adequat e. Flexibility
involves the wuse of pitch and |oudness inflection. An
adequate voice nust have sufficient flexibility to express a
range of differences in stress, enphasis and neaning. A
voi ce which has good flexibility is expressive. Flexibility
of pitch and flexibility of |oudness are not easily
separ abl e, rather they tend to vary t oget her to a

consi der abl e extent.
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Wlson (1962) is of the opinion that good voice
should have the follow ng characters.

a) pleasing voice quality

b) proper bal ance of oral and nasal resonance

c) appropriate |oudness

d) a nodel frequency level suitable for his age and

sex
e) an appropriate voice inflections involving pitch

and | oudness.

The production of voice, depends on the synchrony,
or the co-ordination between the systens viz the respiratory
phonatory and resonatory. Voice production involves a
conpl ex and precise control by the central nervous syst em
of a series of events in the peripheral phonatory organs.
The crucial event essential for voice production is t he
vibration of the vocal folds. It changes DC air stream to
AC air stream converting aerodynamc energy into acoustic

ener gy.

Two broad categories of theories have dom nated in
dealing with voice production. They are - Myoel asti c
aerodynamc theory and Neurochronaxic theory Moelastic
aerodynam c theory (Muller, 1843) - holds that phonation is
-he result of the balancing of forces of air pressure

against tension, elasticity and mass of the vocal folds.
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Di spl aced by the air pressure the vocal folds return to a
resting state due to conbination of factors, the chief ones
being the drop of air pressure at the glottis follow ng the
val vul ar opening of vocal folds and the vocal fold mass and
elasticity. The function of the vocal folds thenselves is in
| arge part passive. As in respiration the final novenents of

the vocal folds are not under specific conscious control.

Neur ochronaxi ¢ theory (Husson, 1950) hold that vocal
fold vibration is an active process. Mtor inpulses are said
to be emtted fromcortical centres to the nuscles of the
folds via the recurrent |aryngeal nerves under t he
regul ation of a "cochlear recurrential reflex !". Vocal fold
stimulation of this kind assunmes that the recurrent nerve is
capable of transmtting high frequency stimuli i.e., of the

order of 1,000 inpulses per second.

The crucial event for voice production is the
vibration of vocal folds it changes DC air streamto AC air
stream converting aerodynamc energy into acousti cal
energy. Fromthis point of view the paraneters involved in
the process of phonation can be divided into three nmjor
groups.

1. The paraneters which regulate the vibratory
pattern of the vocal folds.

2. The paraneters which specify the vibratory

pattern of the vocal folds.
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3. The paranmeters which specify the nature of sound

generated (Colz, 1961).

Hrano (1981) has further elaborated on this by
stating that, "the parameters which regulate the vibratory
pattern of the vocal folds can be divided into two groups:
Physi ol ogi cal and Physical. The physiological factors are
those related to the activity of the respiratory, phonatory
and articulatory nuscles. The physical factors include the
expiratory force, the conditions of the vocal fold and the

state of the vocal tract.

The vibratory patterns of the vocal folds can be
described with respect to various paraneters including the
fundanental frequency, regularity or periodicity in the
successive vibrations, symetry between the two vocal folds;
uniformty in the novenent of different points wthin each
vocal fold, glottal closure during vibration, contact area

between the two vocal folds and so on.

The nature of the sound generated is chiefly
determ ned by the vibratory pattern of the vocal tract.
It can be specified both in acoustic terns and in psycho-
acoustic terns The psycho--acoustic par anet ers are
natural |y dependent on the acoustic paraneters. The acoustic

paraneters are fundanmental frequency, intensity, acoustic
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spectrumand their tine related variations. The psycho-
acoustic paraneters are pitch, |oudness and quality of voice

and their tinme related changes.

Thus, voice serves nunerous functions which are
varied too and it plays a major role in speech and hence in
comruni cation. Therefore voice needs to be constantly
monitored, and in the event of abnormal functioning of
voi ce- an imedi ate assessnent should be undertaken. This
assessnent wll Jlead to the diagnosis which not only
identifies the voice disorders, but also acts as an
indicator for the treatnent and the nmanagenent to be

fol | owed.
CLI NI CAL EVALUATI ON OF VO CE

The maj or purposes of clinical evaluation off voice
are: 1. To diagnose the etiological disease 2. To determ ne
the degree and the extent of the etiological disease 3. To
evaluate the degree and nature of dysphonia 4. To determ ne

the prognosis and 5. To nonitor change.

The wultimate aim of studies an normality and
abnormality of voice and assessnent and diagnosis of the
voice disorder is to enforce the procedure which wll
eventually bring back the voice of an individual to nornal

or optinmum | evel.
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Wth the advances in technol ogy, the perspectives of
assessnent and treatnent of voice disorders have changed.
Suggestions to view the function of voice production as
related to various systens (Perkins, 1971) and to describe
voice with reference to different positions of the voca
tract (Lever & Hanson 81) have been made. Further a nunber
of attenpts have been nmade to analyze voice using various
nmet hods like gl ot t ography, X-ray, el ectroacoustic
measurements and aerodynam c neasurenents (Hrano, 1981).
But still as H rano (1981) points out there is no agreenent
on the terms used and the nethods used in assessing voice
di sorders. This problens is again because of the fact that
the voice is being viewed and described by different people

fromdifferent points of view

M chael and Wendahl (1971) consider voice as a
Mul ti di mensi onal series of neasurable events. Inplying that
a single phonation can be assessed in different ways. They
present a tentative list of 12 paraneters of voice "Mst of
which can be nmeasured and correl ated W th specific
perceptions while others are nere elusive and difficult to
talk about in nore than ordinal ternms". The 12 paraneters
listed by themare, 1. Vital capacity 2. Maximum duration
of controlled, sustained blowing 3. Mddal frequency range

4. WMaxi mum frequency range 5. Maxi mum duration of sustained
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phonation 6. Volune/velocity airflow during phonat i on
7. Gottal waveform 8. Sound pressure |evel 9. Jitter of
the vocal signal 10, Shimrer of the vocal signal 11. Effort

level 12. Transfer function of the vocal tract.

The managenent of voice problemis through either
medi cal , surgical or therapeutic intervention in that order
Hence always nedical line cones first and then surgical.
After the primary pathology, if any, is treated, therapeutic
intervention is done if the voice problens persists or to
correct the undesirable habits in producing voice. Again
based on the nature, extent and severity of the voice
di sorder and or a conbination of the intervention strategies
is considered eg a vocal nodule my require all three,
whi | e puberphonia with pitch breaks requires only voice
therapy- As effective managenent requires it becones
necessary to describe and use a wde battery of tests or
assessnment strategies in order to arrive at an effective

di agnosi s.

There are various neans of anal yzi ng voi ce,
devel oped by different workers, to note the factors which
are responsible for creating an inpression of a particular

voice' (H rano, 1981; Nataraja and Jayarama, 1979; Rashm,
1985) There are various mnmethods of direct or indirect

assessnent, observation and or or neasurenent of t he
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paraneters involved in the process of production of voice.
Some of these selected clinical examnations which are
specific or directly rel ated to voi ce i ncl ude.
El ectronmyography: VWhich can be used to denonstrate the
nmuscul ar activity of the laryngeal nuscles that regulate the
vibratory pattern of the vocal folds at the physiologica

| evel
Aer odynam ¢ Measurenents

Vhi ch deal wth aerodynamc factors I ncl udi ng

measurenents of the various airflows and airvol unes.

Psychoacoustic eval uation of voice

The human ear has a remarkable capacity to identify
and di scrimnate varying sound conplex. One can identify the
speaker's sinply by listening to the voice well-trained
voice clinicians are frequently able to determne the
causative pathol ogies of voice (Takhashi, 1974, Takhashi

et al 1974- Horano 1975) Exam nation of Phonatory ability.

The term phonatory ability refers to the nmeasurenents
of maxi mum duration of sustained phonation (Lass and M chel,
1969, Placek and Sander 1963, Van Riper, 1954, Fairbanks
1960, Ladesetals 1968). Maxinum frequency range (Hller and

M chael, 1968), dynam c range of vocal intensity, glotta
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efficiency and others. Measurenents that can be reflected to
the normal physiology and pathophysiology of abnor mal
behavi or are highly desirable. Since phonatory dysfunction
usually manifests as a result of abnormal oscillatory
novenents, the neasurenent and analysis of vi bratory
patterns of vocal folds has the potential to provide
detailed information on pathophysiology of the vocal folds
during phonation. (Henson et al, 1983). The study of
vi bratory novenents has drawn a |lot of researchers recently.
Several nethods have been devel oped with the objective of

visualizing the rapid novenents of the vocal folds.
Met hods of studying vocal fold vibration

The vocal folds vibrate 1in the frequency range,
100-300 Hz during normal conversation and even at higher
| evel s during singing. GObservation of such vi brati ons
require special methods. The following are sanme of the
nmet hods to study vocal fold vibrations. 1. Stroboscopy,
2. Utra sound glottography/electroglottography, 3. Utra
speed phot ography, 4. Inverse filtering, 5. Photo electric

gl ottography (PEG, 6. Electro glottography (PGG).

The acoustic anal ysis of voice

Acoustic analysis has been considered as the basic

tool in the investigation of voice disorders. It has been
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considered vital is the diagnosis and managenent of patients

with voice disorders.

Hirano (1981) has pointed out that acoustic analysis
of voice signals may be one of the nbst attractive nethods
for assessing phonatory function or |laryngeal pathol ogy
because it is non-invasive and provides objective and

guantitative data.

Many voice tests, are in fact unnecessary for the
di agnosis of the etiological disease. They are however
useful and necessary for other purposes. Some of the tests
i ncludi ng acoustic analysis mght be useful for the purpose

of screening

Further, a clinician will not really know what to
expect with a nedical diagnosis having conplete physical
description of larynx together wth sone adjectives |ike
hoarse or rough until the actually sees the case (M chael
and Wendahl, 1971) On the other hand if the clinician
receives a report which includes neasures of frequency
ranges; respiratory functions, jitter, shi nmer, their
rel ated variations, noise and harnonic conponents, etc in
the formof a voice profile the clinician can then conpare
t hese values to the norns for each one of the paraneters and

thus have a relatively good idea as to how to proceed, wth



3
4.
5
6

=29

Phonati on quoti ent
Vocal velocity index
Maxi mum phonati on duration

SZ ratio

Acoustic paraneters

7

8.

9.
10.

11.

12.
13.
14.
15.
16.
17.
18.
19.
20.

21.

22.

Fundanental frequency in phonation
Fundanental frequency in speech

Opti mum frequency

Extent of fluctuation in fundanental frequency in

phonat i on

Speed of fluctuation in fundanental frequency in

phonati on

Extent of fluctuation in intensity

Speed of fluctuation in intensity
Frequency range in phonation

Frequency range in speech

Intensity range in speech

Intensity range in phonation

Rising tinme in phonation

Fal ling in phonation

Ratio of intensities between 0-1 kHz and
1-5 kHz

Ratio of intensities of harnonics and the
in 2-3 kHz

Frequency of first formant

above

noi se



-23-

Measurement of fluctuations in fundamental frequency and

intensity

Presence of small pertubrations or irregularity of
glottal vibration in normal voice has |ong been known (Mbore
and Von Leden.. 1958; Von Leden, Moore and Tincke, 1960).
Rel atively few attenpts have been nmade to not e t he
perturbations in fundanental frequency and intensity,
al t hough such a neasure may have value in describing the
stability of laryngeal control (Liberman 1963)- "The cycle
to cycle variation in period that occurs when an individual

is attenpting to sustain phonation at a constant frequency"

has been ternmed "Jitter".

Wi |l e considering the neurophysiol ogical significance
of Jitter, Heiberger and Horii, 1981) state that
"physiological interpretation of jitter in sust ai ned
phonation should probably include bot h physi cal and
structural variations and myoneurol ogical variations during
phonation. A nunber of high speech larynscopic notion
picture revealed that the laryngeal structures (the two
vocal cords) are not totally symmetric. Different amounts of
mucus accunulates on the surface of the folds during
vibration. In addition turbulent airflow at the glottis also
causes sonme. Limtations of laryngeal servo nechanism

through the articular myolitic and nucosal reflex systens
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(&ld and Okumura, 1974; Wke, 1967) may also introduce
smal | pertubrations in the laryngeal nuscle tones. Even
wi thout the consideration of the reflex nechanisns, the
| aryngeal nuscle tones have inherent perturbation due to
time-staggered activities of notor units that exist in any

vol untary nuscl e contractions Baer 1980).

Hei berger and Horii (1982) while considering the
perceptual significance of jitter state that even though
t hese acoustic neasures have been carried as sone of the
physical correlates of rough' voice quality there is
di screpancy between the findings of earlier synt hesi s
studi es (Col emann 1969; Cakeman and Wendahl 1967; Wendah
1963; 1966a,- 1966b) and the nore recent human voice studies
(Horii 1979, Ludlow et al 1979). The synthesis studies found
near perfect correlations between jitter and perceived
roughness. The human voice studies, on the other hand showed
low, non-significant correlations between the magnitude of

jitter and the perceived roughness |evel.

Iwata (1972) tested the voice of 20 normal subjects
and 27 patients with various |aryngeal diseases for pitch
perturbations, The results showed that the correl ograns were
useful in differentiating normal and abnormal voices and
di fferent types Wi thin t he abnor mal gr oup.

Studi es have shown t hat t he intensity, t he

fundamental frequency level and the type of phonatory
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initiation and termnation are the factors which affect the
jitter magnitude in sustained phonation (More and Von

Leden, 1958; Jacob 1968; Koi ke 1973; Hollien et al 1973).

Shimrer; refers to cycle to cycle variations in
anplitude. Jitter and shimer have been applied to the early
detection of |aryngeal pathology. Liberman (1961, 1963)
states that pitch perturbation factor mght be a useful

index in detecting a nunber of |aryngeal diseases.

Crystal and Jackson (1970) neasur ed bot h t he
fundanental frequency and anplitude perturbation of voice in
persons with varying laryngeal conditions and concluded that
several purely statistical neasures of the data t hey
extracted mght be wuseful as guidelines in det ecti ng
| aryngeal dysfunction. Shipp and Huntington (1965) recorded
the voice of 15 subjects while each had acute laryngitis and
when their voice returned to normal. The recordings of
laryngitic and post-laryngitic voice were subjected to a
nunber of perceptual evaluations and to f undanent al
frequency neasurenents. The results indicated that the
laryngitic condition recieved higher nean hoarseness ratings
than did the normal condition. Laryngitic voices had
significantly smaller ranges of frequency than did the post
laryngitic voice. A small nunber of frequency breaks were

al so observed in the larngitic voice.
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Kimet al (1982) have analyzed the vowel /e/ using
the spectrograph in 10 voices of patients wth recurrent
| aryngeal nerve paralysis, and 10 nornals to obtain
the followi ng paraneters. 1. Ext ent of f undanent a
frequency fluctuations. 2. Speed of fundanental frequency
fluctuations. 3. Extent of anplitude fluctuation. 4. Speed

of anplitude fluctuation.

The results of this study indicated that anong and
the paraneters as described by Kimet al (1982). They have
concluded that significant differences were found between
the normals and patients with advanced carcinoma in ternms of
extent of fluctuation, speed of Fo fluctuation, extent of
anplitude fluctuation and speed of anplitude fluctuation.
Rashm (1985) has concluded that 1. The fluctuations in
frequency of the initial and final segnments of phonation of
lal; [i/ and /u/ showed a decreasing trend with age in
mal es. 2. The 14 to 15 years old group showed an increase in
the range of fluctuations for all the vowels. 3. In fenales
there was a decrease in the range of fluctuations in
frequency of the initial and final segnments is upto the age
of 9 years; an increase in the range of fluctuations in the
nine to eleven year old femal es which again drops down til
the age of 15 years. 4. The nedial segnent of phonation,

both mal es and femal es were quite steady. 5. No difference
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in the ranges of fluctuations in frequency between mal es and
femal es were observed in the younger age groups. 6. The
mal es consistently showed greater fluctuations in frequency
in the phonation of /a/ /i/ and /u/ than the females of 14
to 15 year old group. 7. The fluctuations in the initial and
final segnents of phonation for all the three vowels was
greater than the fluctuation in the nmedial segment, for both
mal es and females. 8. The fluctuations in intensity did not
show any systematic trend for any vowels both in mles and
females However the initial segnment of phonation showed a
significantly larger fluctuation is intensity in the above

12 year olds; in the case of males, for all 3 vowels
SPECTRAL ANALYSI S OF VO CE

According to Fant (1959) voice is a function of both
the source and the jitter that is the [aryngeal vibrator and

t he vocal tract.

When vibrating the vocal folds provide a wde
spectrum of quasi periodic nodulations of the air stream
accounting for various tonal qualities, reflecting the
different ways the vibrator behaves"” (Brackett, 1971). This,
accordi ng to Fant (1959) consi st of frequenci es
approximately ranging from80 Hz to 8 kHz and includes

f undanental s and har npni cs.
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In voice production, as in the production of /a/
sone of the harnonics get enphasized or anplified as they
pass through vocal tract or the supraglottal resonators
because of resonant characteristics of the vocal tract. The
overtones with greater energy are called formants. Thi s
anplification or nodification of certain conmponents of sound
fromthe laryngeal source permts one to distinguish one
vowel fromthe other, uttered by the sane speaker. There
are also proponents of the view that the supraglottal
structures act in such a way as to allow individuals to be
di stingui shed from each other on this basis i.e., based on
quality of voice. Quality of voice has been defined "The
hearer's inmspression of the conplex sound wave, its harnonic
and inharmonic partials and the relative intensity, nunber
and duration of these conponents". Therefore the study of
spectra is essential to understand the basis of different

types of qualities.- normal and obnormal.

A nunber of spectrum enalyzers are avail able now for
t he anal ysis of speech and voice.- these include the LTAS,
whi ch provides informations on the spectral distribution of
speech signal over of period of time. Spectral analysis of
the glettal waveformreveals that the harnmonics tend to
decline in anplitude at a rate of approximately 10-12dB per
octave (Flanegan, 1958) Gattin and sundberg (1977) found

sone correlation between LTAS features end per cept ual
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factors, such as overtight, breath and hypokinetic obtained
in a study by Fritzell et. al (1977) Their LTAS features
were decibel energies in the 0-2khz, 2-5khz  and 5-8khz

bands and deci bel energy eaesgy difference anong the bands.

Wendl es, Doherty and Hol lien (1980) have nade an
attenpt at voice classification by neans of Jlong term
average speech spectra. They have tried to diffrentiate,
objectively; anmong four classes of voices according to
auditive judgenments (Normal, mld, noderate of severe degree
of hoarseness) In addition.- attenpts have been made to
diffrentiate between certain degrees of roughness and
breathiness as well as to carry out diffrential diagnesis
based on acoustic analysis. They conclude that "these
results; which obtained from a rather small group of

subj ects, are yet very encouraging".

Rashm (1985) has made an attenpt to study the ratio
of intensities below and above 1lkhz; in the spectra of vowe
[i]. She has conculded that (a) the energy |evel above 1lkhz
is less that the energy |evel below 1khz b) The paranenters
shows no signficant difference till the age of 9 years in
both mal es and fermales. The female group in the age range
of 9 to 14 and the male group ranging from9 to 15 year had
shown sonme changes. c) No significant differences between

mal es and femal es has been found. The age group above 9



years of age showed a change in the voice quality both in
the case of males and females as reflected by the changes in

rati o. The nean value ranged from 0.78 to 0.92.

Wendler et al. (1980) nmade an attenpt to classify
normal voice from abnormal voice and different types of
voi ce disorders based on LTAS. They <conclude that "the
results are encouraging”. Kimet al (1982) have neasured
feature level of harnmonic conponents, relative level of
noise and first formant frequency in cases of recurrent
| aryngeal nerve paralysis The relative |level of higher
harmonic conponents was defined as the ratio of t he
intensity level between 3 and 4 khz to that below 1khz.
Rel ative level of noise was defined as the ratio of the
noise level to the harnonic conmponent in the frequency range
2 3khz. They have reported that the relative |evel of higher
harnoni ¢ conponents was significantly greater in dysphonic
group than in normals. Simlarly it was found that the
relative level of noise and the first formant frequency were

different in dysphonic group than in nornals.

The earliest mnmethod to rate hoarseness was the
spectrograns net hod. Yanagi hara (1967) was the first persons
to use speetrographs to objectively quantify hoarseness. He
classified 4 types of spectrograns based an the anount and
| ocation of noi se. It ranged for type | having slight

hoarsenes to type IV with severe hoarseness.
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Nataraja (1981) from his study concl uded t hat
spectrographs of hoarseness indicates the presence of a
periodic variation of vocal «cords. presence of vVoi ce
conponents, variation in frequency and anplitude as
contributing to hoarseness of voice. Kim et al (1982)
investigated the significance of acoustic par anet ers
extracted from sound spectrographs in evaluating the voice
of patients with recurrantlaryngeal nerve paralysis. This is
undertaken as they found that the previous studies, "wth
the use of a conmputer system suggested that the acoustic
evaluation 1is quite prom singfor differentiating sone
causative di seases of voice disorders. (HKki et. al a,b,
1976. Kakita et al 1980) They conducted a study based on
the report by imaizum et. al (1980) who found the acoustic
paraneters obtained from sound spectrographs as wuseful in
differentiating pathol ogi cal voicesfrom normal voices kirn
et. al (1982) also analyzed the vowel using the spectrograph
in 10 voices of patients wth recurrent |aryngeal nerve
paral ysis and 10 normals to obtain 9 acoustic paraneters.
Significant differences were found between the control and
the diseased groups in terns of flucluation of fundanental
frequency, relative |level of higher harnmonic conponent

relative level of noise and first formant frequency.
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Yoon et al (1984) studied the voice of patients with
glotticcarcinomas using the sanme procedure and paramaneters.
Significant difference were found between the normals and
patients with advanced carcuinoma in ternms of extent of
frequency fluctuation- speed of frequency fluctuation,
extent of anplitude fluctuation, speed of anpl i tude
fluctuation and relative level of noise. Thus results were
simlar to the results obtained by Kimet al (1982) with the

cases of recurrent |aryngeal nerve paralysis.
Harnmonic to noise ratio

The neasurenment of harnonic to noise ratio to
quantify hoarseness is very practical and objective nethod.
Deliyski (1990) presented an acoustic nodel of pathol ogical
voi ce production which describes the non linear effects
occuring in the acoustic waveform of disordered voi ce. The
noi se conponents such as fundanental frequency and anplitude
irregularities and variations, sub-harnonic conponents,
turbul ent noi se and voice breaks are formally expressed as a
result of randomtine function influence on the excitation
function and the glottal filter. Quantitative evaluation of
these random functions is done by conputation of their
statistical characteristics which can be useful in assessing
voice in clinical practise. This set of paraneters which

corresponds to the nodel, allows a nultidinmensional voice
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quality assessnment since. any single acoustic paraneter not
sufficient to denonstrate the entire spectrum of vocal
function or of | ar yngeal pat hol ogy, mul ti di mensi onal

analysis using nmultiple acoustic paranmeters have been used.

One of the conputer based prograns which extracts
several paraneters of voice is the nultidinensional voice
program (MDVP) This program options acquires, analyzes
and displays wupto 33 voice paraneters from a singl e
vocal i zation. The 33 extracted paraneters are available as a
nunerical file or they <can be displayed graphically in
conparison to a data base. These 33 paraneters can be
grouped into 8 groups of anal ysi s. 1. Fo rel at ed
measurenents 2. Long and short term frequency pertubration
3. Long and short term anplitude pertubration 4. Voice break
rel ated neasurenents 5. Noise related nmeasurenents 6. Trenor
rel ated nmeasurenments 7. Sub harnoni c conponent neasurenents

8. Voice irregularities.

Management of voice disorders is through either
medi cal , surgical or therapeutic intervention in that order.
Even if nedical and surgical intervention have taken place,
t herapeutic intervention is done if the voice problem
persists or to correct the undersirable habits in producing
voi ce. Voice therapy has truly becone a blend of art wth

science. Voice therapy refers to the training or re-training
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of the follow ng paraneters of voice. Pitch, tone focus,
quality volune, breath support and rate. It is inherent as

an integral part in resolving functional and organic

dysphoni as.

Voice therapy may take many different fornms. The
kind of therapy gives to people who sinply want to inprove
their voice mght vary markedly fromthat given to a patient
wth a paralysed vocal <cord. Voice therapy is highly
i ndi vidualized. According to the physical problem |length of
its existence, how the voice sounds and how the patient feel
about it. In general a four point program (Boone, 1993) s
followed with both children and adults with voice problens
1. ldentify abuse or m suse 2. Reduce its occurrence 3. Use

t he di agnostic probe 4. Practice facilitating approaches

Several studies have been undertaken in the past
regarding the effectiveness of acoustic analysis as a tool
to nonitor pre- and post-treatnent changes in voice. Due to
t he advent of several sophisticated analysis techniques it
has been nade possible to evaluate the effectiveness of a
particul ar therapy technique, to nonitor changes in voice
followng treatnment i.e either nedical surgical and also to
sel ect an appropriate approach/techni que for managenent. The
paraneters studied and the kinds of treatnment have varied

over the studies.
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A study was undertaken by Bjorn Fritzell, Johan
Sundberg and Anders-strange- Ebbesen to deternmine the pitch
change following surgery for oedematous vocal folds 12
patients with vocal fold edema, and having a nmjor synptom
of | ow pi t ched wer e st udi ed. Thei r wer e anal yzed
preoperatively to determ ne the nean fundanmental frequency
and the same was done following stripping of the voca
fields. The results showed that in all the patients there
was an upward shift of fundanental frequency as a result of
the operation. In one patient it was very snmall and
insignificant, however. Misically this increases in pitch
ranged from2 to 5 semtones to an octave increase. This
study indicates that neasurenent of t he f undanent a
frequency is a sinple nethod to nonitor postoperative

changes in voice in vocal fold edensn.

Susrheela (1989) wundertook a st udy to draw a
conclusion regarding the wusefulness of aerodynamc and
acoustic nmeasurenents in case of laryngeal |esions. The
aerodynam c parameters considered were vital capacity, nean
air flow rate, phonation quotient and vocal velocity index
and the acoustic paraneters cosidered were fundanental
frequency and phonation duration. 12 cases of the age range
of 21- 56 years having various |laryngeal lesions |ike voca
polyp vocal nodule, laryngeal papillom and |aryngeal web

were taken for the study. Preoperatively they were subjected
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to aerodynamic and acoustic nmeasurenents following which
m crol aryngeal surgery was performed for relief of wvoice
abnormalities. The results showed t hat significant
differences were there in fundanmental frequency, phonation
duration, nmean air flow rate and vocal velocity index
between pre and post operative nmeasures. i.e. out of the 6
paraneters 4 paraneters showed significant differences in

the results.

Cooper (1974) anal yzed spectrographically t he
fundamental frequency and hoarseness before and after voca
rehabi litation. He found significant increase in t he
fundamental frequency and decrease in hoarseness post
t herapeutically. He found that out of the 155 subjects
studied pre-therapeutically 150 of themwere using too low a
pitch. Thus he concluded that "a pitch level that is Dbelow
the optimal or natural level is a major factor in initiating,
mai ntai ning or contributing to nost types of dysphonia. Thus
he said that pitch adjustnents should be a vital part of
voice therapy in alnost all cases. Hufnagle and Hufnagle
(1984) investigated the relationship bet ween speaki ng
fundanmental frequency and vocal quality inprovement. This
study was undertaken because there was always discrepancy in
l[iterature pertaining to the relationship between hoarseness

and speaki ng fundanental frequency. Sone investigators state
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that hoarseness results in a pitch level that 1is below
"optimal". (Fisher and Logenann, 1970; copper, 1974;) while
others contend that the consequence of hoarseness is a pitch
hi gher than "optimal" (van riper and Irwin, 1958). There is
al so evidence suggesting that no relationship exists between
t he speaking fundanmental frequency and hoarseness (Mirry,

1978; Shipp and Huntington. 1965; Hacker and Kruel, 1971).

This particular study wused |listener judgenents to
assess vocal quality inprovenent. Resul ts showed no
significant change in the speaking fundanental frequency
acconpanying vocal quality inprovenent. Ther ef ore t he
results of this study support previous investigation by
Shipp and Huntingtion (1965), Hecke and Kruel (1971) and
Mirry (1978).

Wedin and Ogren (1982) analyzed the fundanenta
frequency of human, voice and its frequency distribution
before and after a voice training prograns, three groups of
subjects were taken. one group consisted of professional
singers. one of normal untrained voices and a third group
consi sted of test subjects wth nore or Iess pronounced
phonast heni ¢ synptons. Fundanental frequency and average and
variation of spectrumwas determned following which a five
day voice training programwas given the results indicated

that all three groups showed an increase in fundanenta
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frequency one week after training. The difference for the
normal and the professional groups ware about 17 Hz on an
average. The difference for the phorestenic group was |arger
i.e., 24 Hz. There result were expected as the phonasthenic
voice tends to decrease in intensity because of fatigue
which lowers the pitch of the voice. Generally this training
program seens to be effective in bringing the pitch to its
opti mum range. In terns of spectrum nost of the subjects got
an increase in frequency conponents above 1000 hz. The
change was greater for professional and the normal groups
than for the phonasthenic group. It was also seen that the
group with the smallest increase ir. fundanental frequency
had t he bi ggest change in al pha value, and it was concluded
that using the alpha value it is possible to decide whether

training is successful or not.

Wedi n, Leanderson and Wedin (1978), eval uat ed
i nprovenent after voice training, using a conbination of
spectral analysis and listener judgenent. 10 professiona
singers were trained intensely for 1 week. Before and after
training, the voice were recorded under four performance
conditions; (1) Speech voice at normal level (2) Speech
voice 10 dB stronger (3) singing voice in piano (low
intensity) 4 singing voice forte (high intensity). LTAS was

obtained for all the recordings. The paraneters considered
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for conparison was al pha ratio:

Intensity below 1000 Hz

subj ective ratings were also done.

LTAS showed positive results post therapeutically.
Trul |l iner, Emanuel and Skenes (1988) st udi ed t he
effecti veness of spectral noise |evel neasurements to track
the voice inprovenent. A single subject with vocal nodules
and rough voice was taken. Vocal spectral noise level and
fundanental voice frequency neasurenents were acquired for
five sustained vowels produced by one patient havi ng
bil ateral vocal fold nodules. The neasurenents were obtained
at specific intervals while the patient underwent voice
therapy. Cdinically observed changes over the course of
therapy include an inprovenent in perceived voice quality, a
general reduction in vowel spectral noise level, and an
increase in vocal fundanental frequency. These observations
were acconpani ed by usually detected |aryngeal tissue change
these results suggest that acoustic spectral voice |eve
nmeasurenents can be enployed clinically to verify and

support perceptual judgenments of voice quality.

Schutte, Vanden Berg and Hocksema (1980) determ ned

the vocal efficie cy values in 47 patients before and after
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surgi cal and/or voice treatnment. The efficiency values were
conpared by nmeans of reference regression Iline which was
obtained in efficiency measurenents in normal subjects.
Since conpar son took place at the sane intensity values,
essentially a conparison was mde of the supplied sub-
glottic power. Thus, the relative efficiency values (E rel)
could be expressed in decibel The change of efficiency was
conputed as the difference between E ref of measurenents
before and after treatnent. The patients were divided into
three groups: |-having organic disturbances, Il - having

normal vocal folds with slight adduction disturbances (often

called functional voice disorders) and I[Il - having normnal
vocal folds, but wth wunilateral or bilateral |aryngea
par al ysi s.

A significant inprovenment was found in 33% of the

patients inn groups | and Il three out of 4 patients in
groups Il with bilateral Ilaryngeal paralysis underwent
glottis wi deni ng oper ati on, because of br eat hi ng

difficulties. In these cases a decrease in efficiency m ght

be expected. However this was not always the case.

Kitzung and Akerlunmd (1993) nmde an attenpt to
determne the long term average spectrograns of dysphonic
voi ces before and after therapy. Tape-recording of 174

subjects wth non-organic voi ce di sorder (functiona
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dysphonia) was done before and after successful voice
therapy. This was analyzed by |ong-term average spectrograns
(LTAS) In female as well as in male voice there was a
statistically significant increase in level in the first
formant region of the spectra. IN the female voice there was
also an increase in level in the region of the fundanental.
The LATS was conpared to results of perceptual evaluation of
the voice qualities by a small group of expert |isteners.
There was no significant change of the LTAS in voices wth
negligible anelioration after therapy. In the voice where
the change after therapy was perceptually rated to be
consi derable, the LTAS showed only an increase in intensity,
but the general configuration of the spectral envelop
remai ned unchanged. There was only a weakly positive
correlation between the quality rating and paranmeters of

spectra.
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MVETHODOLOGY

The purpose of this study was to determne the
paranmeters which <can differentiate between nornal and
abnormal voice, and to determne the sensitivity of various
paraneters, i.e. even to recognize subtle changes 1in voice
following therapeutic intervention, in t he case of
dysphoni cs. Therefore it was necessary to conpare:

a. dysphonics with normals in terns of acoustic
paraneters of voice.

b. dysphonics before and after treatnent.

c. the dysphonics after treatnment with nornals.

It was decided to consider the followng sixteen
aerodynam c and acoustic paraneters and to determ ne which
of these would show differences between nor mal s and
dysphoni cs and before and after therapeutic intervention in
the case of dysphonics and to determ ne the degree of change
that has occurred in these paraneters to appr oxi mat e
nor mal s.

1. Vital capacity (VO
2. Mean air flow rate (MAF)
3. maxi mum phonati on duration (MPD)
4. SZ ratio (S2)
Acoustic paraneters
5. Mean fundanmental frequency in phonation (rmean Fo)

6. Maxi mum fundanmental frequency in phonation (maxi num Fo)
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7. Mnimum fundanental frequency in phonation (mninum Fo)
8. Range of fundanental frequency in phonation
9. Speed of fluctuations in fundanental frequency in
phonati on
10. Extent of fluctuations in fundanental frequency in
phonati on
11. Mean intensity in phonation (nean Ao)
12. Maximumintensity in phonation (maxi num Ao)
13. Mnimumintensity in phonation (mninmm Ao)
14. Range of intensity in phonation
15. Speed of fluctuations in intensity in phonation

16. Extent of fluctuations in intensity in phonation
Subj ect's

Ten dysphonics who visited the All India Institute
of Speech and Hearing, Msore wth a conplaint of voice
probl ens were considered for the study. Six nmales in the age
range of 20-45 years and four fenmales in the age range of
25-45 years forned the experinental group. These cases had
been di agnosed as cases of voice disorder after routine

ot ol aryngol ogi cal, speech and audi ol ogi cal eval uati on.

They underwent voice therapy at AIISH  Msore.
The nunber of sessions being twenty sessions on an

aver age.
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Table 1: Showi ng the age, sex, diagnosis and treatnent of
t he dysphonic subjects

Sl .No. Age Sex D agnosi s Tr eat ment
1 28 F Moder at e hoarse voice Voi ce t her apy
2 45 F Severe hoarse voice with Voi ce therapy
intermttent aphonia
3 35 F Moder at e hoarse voice Voi ce therapy
4 33 F H gh pitched hoarse Voi ce therapy
voi ce
5 25 M H gh pitched mld Voi ce therapy
hoarse voice
6 30 M H gh pitched hoarse Voi ce therapy
voice with glottic
chi nk
7 34 M Moder at e hoarse voice Voi ce t herapy
8 20 M H gh pitched hoarse Voi ce therapy
voi ce
9 27 M Hoar se voi ce Voi ce t herapy
10 43 M Moder at e hoarse voice Voi ce therapy

Ten normal subjects in the age range of 20-25 vyears
were also considered for the study. They were six nmales and
four females. The subjects of this group had no apparent
speech, hearing or ENT problenms. They had no conplaints

about their speech, hearing or voice.

Case histories fromthe subjects of both groups were

obtai ned and t hen eval uati ons/ neasurenents were carried out
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at the phoniatrics laboratory of the Departnent of Speech

Sci ences, AllSH, Msore.

Procedures used to neasure different paraneters
| . Aerodynam c paraneters
Experi nment |

1. Vital capacity

Vital capacity has been defined as the anount of air
an individual can expire after a deep inspiration. A wet

expi rograph was used to neasure vital capacity.

Each subject was given the following instructions.
"Now we are trying to find out the anmount of air that you
can blow. Please take a deep breath and blow into this nouth
pi ece as nuch as you can and pl ease see that no air escapes
fromthe nouth piece". Denonstration was given by the

experi nents.

The wvital capacity was directly read from the
vertical trace of the printer on the graph. The subject was
asked to repeat the whole process thrice with a rest of
2-3 mnutes between the trials. The subjects were encouraged
to increase the volunme of blowi ng as nuch as possible. Thus
these findings of vital capacity were taken. The rmaxinum
anong the three readings was considered the vital capacity

of the subject.
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Experi nent 2

Measurenment of nean air flow rate

Mean air flow rate has been defined as the anmount of
air collected in one second during phonation at a given
frequency and intensity. In other words

Total volume of air collected during

phonation (in cc)
Mean air flow rate =

Total duration of phonation (in cc)

For the purpose of nmeasuring nean air flow rate an
expirograph (as in experinent 1) and a stop watch were used.

The subjects were instructed as foll ows:

"Now take a deep breath and say /a/ into this nouth
piece as long as you can. You please say /a/ at your
confortable pitch and | oudness, i.e. with a voice that you
usual |y use for speaking. Please see that no variations
occur in voice while saying /al/ and please see that no air
| eaks out from your nose or the nouth piece". The process
was denonstrated. Then from the performance of the subject,
the duration of phonation was neasured using the stop watch
and the volune of air collected was directly read from the

expi rogr aph.

The nean air flow rate was determned by dividing
the volune of air collected during phonation by the duration

of phonati on.
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The whol e experinent was repeated three tinmes for
each subject with a rest of 2-3 m nutes between each trial.
Thus the nean air flow rate was neasured three tines for
each subject. The nean of the three readings was taken as

mean air flowrate for that subject.

Experinment [11

Measur enment of maxi num duration of phonation

Maxi mum duration of phonation has been defined as
the duration for which an individual can sustain phonation.

The subject was instructed as follows:

"Take a deep breath and then say /a/ as long as you
can, with the voice that you wusually wuse. Please try to
maintain it at constant | evel ". The procedure was
denonstrated. Then each subject phonated as | ong as
possible. Using a stop watch the duration of phonation
of /a/l was neasured. The subject was asked to repeat
the whole process twice wth 2-3 mnutes gap between
trials, one which had Ilonger duration of t he t hree
trials was considered the maxinmum duration of phonation

for that subject.

Experinment |V

Measurement of S Z ratio

The 97 ratio was defined as the ratio of the

durations for which the fricatives S and Z were produced by
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t he subject.

The maxi mum duration for which the subject could
sustain S and Z were determned using the same procedure as
used in experinent 3 to determne maxinmm duration of
phonation. Three trials were given to each subject. The
maxi mum out of the three readings was used to derive SZ
ratio for the subject.

Experinent V

Acousti c paraneters neasurenent

Al'l the acoustic parameters were conputed in the
foll ow ng manner.
| nstrunent ati on

The follow ng instrunents were used

1. Dynami c m crophone (AHUJA AUD- 5354)

2. Pre--anplifier (PH LIPS PREAMP-60)
3. Sony tape deck (TC FX 170)
4

Speech interface unit Voi ce and
- Speech Systens
5. PC-AT (486 DX) Vaghm Software Bangal ore

Bl ock diagram of the instrunentation set up
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Speech sanpl e

Sust ai ned phonation of the three vowels /a/, [il
and /u/ were wused in order to neasure nean frequency,
maxi mum frequency, |owest frequency, range, intensity
(mean), maxinmum mninmum (in dB), range and extent speed of

fluctuation in frequency and intensity in phonation.
Recordi ng of speech sanple

The subjects were seated confortably in the sound
treated room The dynam c m crophone (Ahuja AUD 535M was
kept in front of the subject at a distance of about 15 cm
fromthe nouth. They were instructed to take a deep breath
and say /a/. They had to maintain a constant intensity and
pitch at confortable level. The output of the mc was fed to
a Sony stereo cassette deck (Sony TC FX 170) with H-F OO

cassette for recording the speech sanples.

The speech sanples were recorded at a recording
speed of 17/8 ips. Simlar records for /i/ and /u/ were
carried out. The recordings were made for each vowel for the
normals and for the dysphonics before and after intervention

progr am
Anal ysi s

The tape recorded sanple was played back to the

input of the SI unit.
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"VSS- Vaghm " program (Inton) was used to extract Fo
and rel ated measurenents. The extracted Fo val ues were used
to calculate the follow ng paraneters using PC-AT conputer
The sane nethod of analysis was wused for the follow ng
par anet ers.

Frequency paraneters
Maxi mum (in Hz)

M nimum (in Hz)

Range (in Hz)

Fl uctuati ons per second
Extent of fluctuations
Intensity paraneters
Mean (in dB)
Maxi mum (in dB)

M ni mum (in dB)

Range (in dB)

Fl uctuati ons per second

Extent of fluctuations

After analysis the display of results were obtained
for each vowel for all subjects of dysphonic group before
and after voice therapy and for the normal controls.
Further, data was subjected to statistical analysis using
Epi stat software to obtain descriptive as wel | as

inferential statistical infornmation.
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RESULTS AND DI SCUSSI ON

The purpose of this study was to determne the
paraneters which can differentiate between nornal and
abnormal voice and to determne the sensitivity of various
paraneters, to identify even the subtle changes in the voice
followi ng therapeutic intervention in case of dysphonics.
Therefore it was necessary to conpare:

a. The dysphonics before treatnent with normals

b. Dysphonics before and after treatnent

c. The dysphonics after treatnment with nornmals

Si xt een paraneters were neasured and anal yzed using
di fferent procedures. These paranmeters were considered under
two headings | aerodynamic |l acoustic for the purpose of

di scussi on.

The paraneters were neasured and analyzed in the
voi ces of ten normal and ten dysphonic (both pre- and post-

t herapy) Indian subjects.

The results of the performances different paranmeters
have been discussed after analyzing them wusing appropriate
statistical tests.

The paraneters considered were:

Acoustic paraneters
1. Mean fundanental frequency

2. Maxi num fundanmental frequency
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M ni mrum fundanent al frequency

Range of fundanental frequency

Speed of fluctuations in fundanmental frequency
Extent of fluctuations in fundanental frequency
Mean intensity

Maxi mum intensity

© ® N o o » W

M nimumintensity

10. Range of intensity

11. Speed of fluctuations in intensity
12. Extent of fluctuations in intensity
Aer odynam ¢ paraneters

1. Vital capacity

2. Mean air flowrate

3. Maxi mum phonati on duration

4 SYNratio

Vital capacity

Vital capacity was defined as the total volunme of

air expired after a deep inspiration.

The dysphonic groups both pre- and post-therapy did
not differ significantly fromthe normal group in terns of
vital capacity. Again there was no significant difference
bet ween the dysphonics before and after treatnment. This is

evident from Tables 2 and 3 and graph 1.
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Graph 1: The mean vital capacity values
for normals and dysphonics before and

after treatment



-54-

Table 2: The nean, SD, range of vital <capacity for nornal
group and dysphonic group bef ore and after

t r eat nent

G oups Mean SD Range

N 2900 500. 396 2200- 3600
(Nor mal s)

DPR 2750 464. 399 2100- 3500
(Dysphoni cs
pre-t herapy)

DPO 2800 460. 450 2300- 3700
(Dysphoni cs

post -t her apy)

Table 3: Conparison of normals wth dysphonics pre- and
post -t her apy and dysphoni cs pre-therapy VS.
dysphoni cs post-therapy in terns of vital capacity

G oup Correl ation Si gni ficance
coefficient

Nvs. DPR 0. 860 -
Nvs. DPO 0. 636 -
DPRvs. DPO 0. 733 -

Jayarama (1975) and Nataraja (1986) also report that
there was no significant difference between normal and

dysphonic groups in terns of vital capacity.

Mean air flow rate

Mean air flow rate has been defined as the ratio of
total volune of air collected during nmaxinmm sustained

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



-55.-

The exam nations of tables 4 and 5 and graph 2
revealed that there was a significant difference between
normal s and pre-therapy dysphonic groups and pre-therapy
dysphoni cs and post-therapy dysphonic groups. Again there
was no significant difference between dysphonics post
t herapy and nornal s.

Table 4. The nean, SD, range of nean air flow on normals and
pre--therapy and post-therapy dysphonic groups

G oups Mean SD Range
cc/ sec
N 125. 730 13. 688 80-190
DPR 269. 700 110. 679 170- 500
DPO 135. 866 75. 650 100- 200

Tabl e 5: Conparison of normals with dysphonics pre-therapy,
normal s vs. dysphonics post-therapy and dysphonics
pre-therapy vs. dysphonics post-therapy in terns of
nmean air flow rate

G oup Correl ation Si gni fi cance
coefficient

N vs. DPR -0. 3212 +
N vs. DPO 0. 625 -
DPR vs. DPO 0. 4060 +

The dysphoni c group showed nmuch higher nean air flow

rate and nuch greater variability than the nornmals. The
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after treatment
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subjects of the dysphonic group showed a naxinmum nean air
flow rate of 500 cc which was higher than the nmaxinum in
normals. Simlar findings have been reported by severa

investigators (Isshiki and Von Leden, 1964; H rano et al.,

1968; Yoshi oka et al. 1977; Shigenori, 1977, Jayar am
1975).

The nean air flow rate changed significantly
following therapy. This is in accordance with the results
cited by Susheela (1989). Thus it is a very useful paraneter
for nonitoring dysphonic cases post-therapeutically. Again
there was no significant difference between normals and
dysphoni cs post-therapeutically. This indicates that therapy

has resulted in a favourable change towards normal cy.
Maxi mum phonati on duration

Maxi mum phonati on duration has been defined as the
maxi mum duration for which an individual can sust ai n

phonation (in sec) after a deep inspiration.

Tables 6, 7 and 8 shows the nmean, range and SD of
MPD of the three groups for phonations of /a/, /i/ and /u/

respectively.
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Tables 9, 10 and 11 show the conparison of norma
vs. dysphonics pre-therapy, normal vs. dysphonics post
t herapy and dysphonics pre-therapy vs. post-therapy in terns
of maxi mum phonation duration for phonations of /a/, /i/ and

[ ul respectively.

Table 9 : Conparison of normals with dysphonics pre-therapy,
dysphoni cs pre-therapy vs. dysphonics post-therapy
and normals vs. dysphonics post -t her apy for
phonation of /a/

G oup Correl ation Si gni ficance
coefficient

N vs. DPR -0.793 +
DPR vs. DPO 0. 2606 +
N vs. DPO -0. 248 +

Tabl e 10: Conparison of normals w th dysphonics pre-therapy,
dysphoni cs pre-therapy vs. dysphonics post-therapy
and normals vs. dysphonics post -t her apy for
phonation of /i/

G oup Correl ation Si gni ficance
coefficient

N vs. DPR -0.769 +
DPR vs. DPO -0.17575 +

N vs. DPO 0.2 +
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Tabl e 11: Conparison of normals wi th dysphonics pre-therapy,
dysphoni cs pre-therapy vs. dysphonics post-therapy
and normals vs. dysphonics post -t her apy for
phonation of /u/

G oup Correl ation Si gni fi cance
coefficient

N vs. DPR -0. 745 +
DPR vs. DPO 0. 1515 +
N vs. DPO -0. 224 +

Tables 6, 7, 8, 9, 10, 11 and graph 3 showed that
t he maxi mum phonation duration was significantly lower in
dysphonic group than in normal group. Hrano et al. (1968),
Jayaram (1975), Shegenori (1977) and Nataraja (1989) also
report that shorter durations t han nor nal phonati on
durations were observed in different types of voi ce
di sorders. This measure indicated the inproper use of air
In other words in dysphonics the I|aryngeal system perhaps
does not function optimally and hence does not convert the
DC air stream conpletely to AC air stream Results also
indicate a significant inprovenent in MPD following therapy
which indicates that the |aryngeal system functions nore
toward optimum follow ng therapy. But again there is a
significant difference between post-therapeutic voices and
normals in terns of MPD. Thus MD is also wuseful in

nonitoring case post-therapeutically.
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SZ ratio
SZ ratio has been defined as ratio of maxi mum

duration of sustained /S/ to maxi num duration of sustained

lzl.

| nspection of tables 12 and 13 and graph 4 reveal ed
that the YZ ratio showmn by normals and dysphonics in
pre-therapy condition was significantly different. Again
there was a significant difference in SZ ratio pre- and
post-therapeutically and in normals vs. dysphonics post-

t her apeutically.

Table 12: The nean, SD, range of §YZ ratio in normals and
pre-therapy and post-therapy dysphonic groups

QG oups Mean SD Range
cc/ sec
N 1.01 0. 068 0.91-1.15
DPR 1.38 0.28 1.12-1.77
DPO 1.08 0. 063 1.00-1. 13

Table 13: Conparison of normals vs. pre-therapy dysphonics,
dysphoni cs pre-therapy vs. dysphonics post-therapy
and normals vs. dysphonics post-therapy in terns
of SYZ ratio

G oup Correl ation Signi ficance
coefficient

N vs. DPR -0. 0303 +
DPR vs. DPO 0. 1515 +

N vs. DPO 0. 303 +
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Boone (1971) and Eckel and Boone (1980) also report
that there was difference in this ratio between dysphonics
and normals. The fact t hat this par anet er changes
significantly following therapy indicates that it is a very
sensitive parameter to evaluate post-therapeutic Voi ce

changes.

Acoustic paraneters

Mean Fundanental Frequency in Phonation (Fo)

Mean Fo is defined as the nean frequency of the
steady portion of the phonation. The fundamental frequency
in phonation as per Tables 14, 15, 16, 17, 18 and 19 and
graphs 5, 6 and 7 were different in the nornmal and the
dysphoni c gr oups. But t hese di fferences wer e not
statistically significant for the vowels /a/, /i/ and /ul.
Agai n a conparison of fundanental frequency before and after
therapy anong dysphonics reveal ed di fferences. These
di fferences were statistically significant for vowel /u/ and

not significant for vowels /i/ and /al.

Again the conparison of post-therapy fundanental
frequency with normals revealed no significant differences
for /al and /i/. Al the dysphonics considered for the study
showed difference in the mean Fo follow ng therapy. In al

the cases there was a decrease in nean Fo follow ng therapy,
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t hough these differences were not statistically significant
for vowels /a/ and /i/ when the group was considered as a
whol e. However the fundanental frequency is a paraneter that

does change follow ng therapy.

Statistically significant change m ght not have been
observed because of the nunber of subjects which has been
l[imted to only ten.

Table 14: The nean, SD, range of mnmean Fo for nornmals,

dysphoni cs pre-therapy and dysphoni cs post-therapy
for the vowel /al

G oups Mean SD Range
cc/ sec
N 172. 95 50. 47 119. 89- 245. 19
DPR 181. 44 41. 38 125. 97- 257. 29
DPO 154.78 46. 79 87.40-208. 13

Tabl e 15: The mean, SD, range of nmean Fo for normals,
dysphoni cs pre-therapy and dysphonics post-therapy
for the vowel /i/

G oups Mean SD Range
cc/ sec
N 179. 81 53.72 120. 79- 249. 30
DPR 177. 40 47.70 97. 66- 255. 64

DPO 161. 07 46. 69 96. 08-212. 39
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Table 16: The nean, SD, range of nean Fo for normals,
dysphoni cs pre-therapy and dysphoni cs post-therapy
for the vowel /u/

G oups Mean SD Range

cc/ sec
N 182. 113 52.91 120. 79- 247. 85
DPR 147. 998 65. 79 100. 63- 260. 16
DPO 127. 860 79. 15 78.95-215. 84

Tabl e 17: Conparison of normals vs. pre-therapy dysphonics,
dysphoni cs pre-therapy vs. dysphonics post-therapy
and normal s vs. dysphonics post-therapy in terns
of mean Fo in phonation for the vowel /a/

G oup Correl ation Si gni fi cance
coefficient
Nvs. DPR 0. 648 -
DPRvs. DPO 0.775 -
N vs. DPO 0. 624 -

Tabl e 18: Conparison of normals vs. pre-therapy dysphonics,
dysphoni cs pre-therapy vs. dysphonics post-therapy
and normal s vs. dysphonics post-therapy in terns
of mean Fo in phonation for the vowel /i/

G oup Correl ation Si gni ficance
coefficient
Nvs. DPR 0. 757 -
DPR vs. DPO 0. 806 -
Nvs. DPO 0. 600 -
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Table 19: Conparison of normals vs. pre-therapy dysphonics,
dysphoni cs pre-therapy vs. dysphonics post-therapy
and normal s vs. dysphonics post-therapy in terns
of mean Fo in phonation for the vowel /u/

G oup Correl ation Si gni ficance
coefficient

Nvs. DPR 0. 660 -
DPR vs. DPO 0. 248 +
Nvs. DPO 0.478 +

Maxi mum Fundamental Frequency in Phonation

This is defined as the maximum frequency of the
steady portion of the phonation. As per tables 20, 21, 22,
and 23, 24, 25 and graphs 5, 6 and 7 the maxi num fundanmenta
frequency did not show statistically significant differences
bet ween dysphonics and normals. The maxi mum Fo also did not
differ significantly in the pre- and post-therapy voices of
dysphonics for /a/ and /i/. But there was a significant
difference in case of vowel /u/. Again there was no
significant difference between the normal group and the
dysphonic group followi ng therapy. This shows that maxi mum
Fo is not a paraneter that is sensitive to voice changes

foll ow ng therapy.
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range of

maxi mum Fo

for normals,

dysphoni cs pre-therapy and dysphoni cs post-therapy

for the vowel /al
G oups Mean SD Range
cc/ sec
N 176. 255 50. 86 122. 84-249. 28
DPR 189. 234 41. 85 131. 15- 266. 23
DPO 159. 720 47. 49 90. 14- 207. 89
Table 21: The nean, SD, range of maxinmum Fo for normals,
dysphoni cs pre-therapy and dysphoni cs post-therapy
for the vowel /i/
G oups Mean SD Range
cc/ sec
N 184. 25 52.15 122. 84- 252. 42
DPR 191. 18 53. 47 100. 63- 268. 31
DPO 167. 14 48. 88 98. 92-222. 23
Table 22: The nean, SD, range of nmaxinmum Fo for nornals,
dysphoni cs pre-therapy and dysphoni cs post-therapy
for the vowel /u/
G oups Mean SD Range
cc/ sec
N 189. 853 51.92 136. 27- 256. 86
DPR 148. 286 92.21 102. 73-274. 14
DPO 139. 150 62. 16 80. 81-222. 82
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Tabl e 23: Conparison of nornmals vs. pre-therapy dysphonics,
dysphoni cs pre-therapy vs. dysphonics post-therapy

and normals vs. dysphonics post-therapy in terns
of maxi mum Fo in phonation for the vowel /a/

Correl ation Si gni ficance

G oup
coefficient
N vs. DPR 0. 733 -
DPR vs. DPO 0. 720 -
N vs. DPO 0. 624 -

pre-therapy dysphonics,
dysphoni cs post -t herapy
terns

Tabl e 24: Conparison of nornmals vs.
dysphoni cs pre-therapy vs.
and normals vs. dysphonics post-therapy in
of maxi mum Fo in phonation for the vowel /i/

Correl ation Si gni fi cance

G oup
coefficient
N vs. DPR 0. 890 -
DPR vs. DPO 0. 801 -
N vs. DPO 0. 927 -

Tabl e 25: Conparison of normals vs. pre-therapy dysphonics,
dysphoni cs pre-therapy vs. dysphonics post-therapy

and normals vs. dysphonics post-therapy in terns
of maxi mum Fo in phonation for the vowel /u/

Correl ation Si gni fi cance

G oup
coefficient
N vs. DPR 0. 769 -
DPR vs. DPO -0. 036 +
0. 5878 -

N vs. DPO
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Table 27: The nean, SD, range of mninmum Fo for normals,
dysphoni cs pre-therapy and dysphoni cs post-therapy
for the vowel /i/

G oups Mean SD Range
cc/ sec
N 177. 860 52. 60 110. 73-247. 17
DPR 143. 292 58.41 77.77--244. 30
DPO 154. 940 51. 27 94.15-209. 35

Table 28: The nean, SD, range of mninum Fo for normals,
dysphoni cs pre-therapy and dysphoni cs post-therapy
for the vowel /u/

G oups Mean SD Range
cc/ sec
N 181. 68 49. 21 112. 68- 245. 03
DPR 133. 94 60. 64 87.07-248. 84
DPO 134. 15 81.72 90. 40- 210. 07

Tabl e 29: Conparison of normals vs. pre-therapy dysphonics,
dysphoni cs pre-therapy vs. dysphonics post-therapy
and normal s vs. dysphonics post-therapy in terns
of m ninmum Fo in phonation for the vowel /a/

G oup Correl ation Si gni ficance
coeffici ent

Nvs. DPR 0. 690 -
DPRvs. DPO 0. 750 -
Nvs. DPO 0. 630 -
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Tabl e 30: Conparison of normals vs. pre-therapy dysphonics,
dysphoni cs pre-therapy vs. dysphonics post-therapy

and normal s vs. dysphonics post-therapy in terns
of m nimm Fo in phonation for the vowel /i/

Correl ation Si gni ficance

G oup
coefficient
N vs. DPR 0. 672
DPR vs. DPO 0 . 3636 +
N vs. DPO 0. 927

Tabl e 31: Conparison of normals vs. pre-therapy dysphonics,
dysphoni cs pre-therapy vs. dysphonics post-therapy

and normal s vs. dysphonics post-therapy in terns
of m nimum Fo in phonation for the vowel /u/

Correl ation Si gni ficance

G oup
coefficient
N vs. DPR 0. 866
DPR vs. DPO 0. 503
N vs. DPO -7 .878 +
Range of Fo in phonation
The frequency range in phonation is defined as the
frequency

-di fference between nmeaxi mum and ni ni num fundanent al

i n phonati on.

Tables 32, 33, 34, 35, 36, 37 and graphs 5, 6 and 7

indicate that the range of Fo showed statistically

di fferences between the dysphonics pre-therapy

si gni fi cant
fu/ did not show

and normals for vowels /a/ and /i /. But
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differences. Wth regard to the dysphonics pre- and post-

therapy there was significant differences in the range for

all the three vowels. In general dysphonics showed a nmuch
wi der range of Fo in phonation conpared to normals. Si nce
this paraneter showed significant changes foll owi ng

treatment it can be considered as a useful parameter to note
t he post-therapeutic changes. Again there was no significant
difference between the normals and dysphonics post -
t herapeutically with the exception of vowel /u/ which shows
that with therapy the change in range of Fo is towards

nor mal .

Table 32: The nmean, SD and range of range of Fo for normals,

dysphoni cs pre-therapy and dysphonics post-therapy
for the vowel [/a/

G oups Mean SD Range
cc/ sec
N 7.07 2.98 3.27-12.11
DPR 19. 19 19.94 3.48-73.68
DPO 10. 75 6. 81 3.91-27.94

Table 33: The nean, SD and range of range of Fo for normals,

dysphoni cs pre-therapy and dysphonics post-therapy
for the vowel /il

Groups Mean SD Range
cc/ sec
N 6. 38 4. 17 2.13-14.10
DPR 47.90 55.52 3.64-144. 48

DPO 18. 32 17. 41 1.95-13.81
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Table 34: The nean, SD and range of range of Fo for nornmals,
dysphoni cs pre-therapy and dysphoni cs post-therapy
for the vowel /u/

G oups Mean SD Range
cc/ sec

N 7.97 5. 06 2.41-19. 09
DPR 62. 33 54. 63 4,12-147. 13
DPO 26. 49 32.60 2.97-85.95

Tabl e 35: Conparison of normals vs. pre-therapy dysphonics,
dysphoni cs pre-therapy vs. dysphonics post-therapy
and normals vs. dysphonics post-therapy in terns
of range of Fo in phonation for the vowel /a/

G oup Correl ati on Signi ficance
coefficient

N vs. DPR -0.272 +
DPR vs. DPO -0. 127 +
N vs. DPO 0. 6565 -

Tabl e 36: Conparison of normals vs. pre-therapy dysphonics,
dysphoni cs pre-therapy vs. dysphonics post-therapy
and normals vs. dysphonics post-therapy in terns
of range of Fo in phonation for the vowel /i/

G oup Correl ation Si gni ficance
coefficient

N vs. DPR 0. 409 +
DPR vs. DPO -0.2121 +
N vs. DPO 0. 8484 -
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Tabl e 37: Conparison of normals vs. pre-therapy dysphonics,
dysphoni cs pre-therapy vs. dysphonics post-therapy
and normals vs. dysphonics post-therapy in terns
of range of Fo in phonation for the vowel /u/

Group Correl ation Si gni ficance
coefficient
N vs. DPR 0. 915 -
DPR vs. DPO 0.175 +
N vs DPO 0.0121 —

The speed of fluctuations in fundanental frequency

The speed of fluctuation of fundanmental frequency is
defined as the nunber of fluctuations in f undanent a

frequency in a phonation of one second.

In the present study it was found t hat t he
dysphoni cs before tr eat ment had greater nunber of
fluctuations than normal. Simlar results were reported by
Nataraja (1989). There was statistically si gni fi cant
difference in the speed of fluctuations in dysphonics before
and after treatnent, i.e., nunber of fluctuations per second
decreased significantly followng therapeutic intervention
Further there was no significant difference between the
post-therapy condition and normals in ternms of speed of
fluctuation in /i/ and /u/. However /a/ showed significant
changes. Hence this paranmeter is found to be wuseful to
determ ne post-therapeutic changes in voice. The results
have been presented in tables 38, 39, 40, 41, 42, 43 and
graphs 5, 6 and 7.
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Tabl e 38: The nean, SD and range of speed of fluctuations in
Fo for normals, dysphoni cs pre-therapy and
dysphoni cs post-therapy for the vowel /al

G oups Mean SD Range

cc/ sec
N 3.40 2.91 0.01-4.52
DPR 16. 24 11.83 5.88-37.37
DPO 10. 32 11.23 1.52-22.73

Table 39: The nean, SD and range of speed of fluctuations in
Fo for normals, dysphoni cs pre-therapy and
dysphoni cs post-therapy for the vowel /i/

G oups Mean SD Range

cc/ sec
N 3.80 1.82 0. 01-16. 83
DPR 16. 20 15. 10 2.02-48.74
DPO 5.31 7.27 0.01-23. 74

Table 40: The nean, SD and range of speed of fluctuations of
Fo for normals, dysphoni cs pre-therapy and
dysphoni cs post-therapy for the vowel /u/

G oups Mean SD Range

cc/ sec
N 4.48 4. 63 0.01-12. 24
DPR 29. 23 23.44 0. 01-76. 38
DPO 14. 71 13.78 0. 01- 36. 18
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Tabl e 41; Conparison of normals vs. pre-therapy dysphonics,.
dysphoni cs pre-therapy vs. dysphonics post-therapy
and normals vs. dysphonics post-therapy in terns
of speed of fluctuations in Fo for the vowel /al

G oup Correl ation Si gni ficance
coefficient

Nvs. DPR -0. 560 +
DPRvs. DPO 0.242 +
Nvs. DPO 0. 248 +

Table 42: Conparison of normals vs. pre-therapy dysphonics,
dysphoni cs pre-therapy vs. dysphonics post-therapy
and normals vs. dysphonics post-therapy in terns
of speed of fluctuations in Fo for the vowel /il

G oup Correl ation Si gni ficance
coefficient

Nvs. DPR 0. 420 +
DPR vs. DPO -0. 1431 +
Nvs. DPO 0. 7373 -

Tabl e 43: Conparison of normals vs. pre-therapy dysphonics,
dysphoni cs pre-therapy vs. dysphonics post-therapy
and normal s vs. dysphonics post-therapy in terns
of speed of fluctuations in Fo for the vowel /u/

G oup Correl ation Si gni ficance
coefficient

Nvs. DPR 0. 454 +
DPRvs. DPO 0. 442 +
Nvs. DPO 0. 896 -
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Extent of fluctuation in fundanental frequency

The extent of fluctuation in fundanental frequency
in phonation has been defined as the nmeans of fluctuations

in fundanental frequency in a phonation of one second.

Fluctuations in frequency was defined as variations

+/- 3 Hz and beyond in fundanmental frequency.

The results for al | t hree groups, - nor mal s,
dysphoni cs pre-therapy and dysphonics post-therapy on extent
of fluctuations in fundamental frequency in phonation are
given in tables 44 45, 46, 47, 48, 49 and graphs 5, 6 and 7.
Tabl e 44: The nean, SD and range of extent of fluctuations

in Fo for normals, dysphonics pre-therapy and
dysphoni cs post-therapy for the vowel /al

G oups Mean SD Range
cc/ sec

N 2.89 1.56 0.01-4.57
DPR 8. 07 11.76 3.70-41. 50
DPO 3. 66 0.94 2.01-4.77

Tabl e 45: The mean, SD and range of extent of fluctuations
in Fo for normals, dysphonics pre-therapy and
dysphoni cs post-therapy for the vowel /i/

G oups Mean SD Range
cc/ sec

N 2.64 2.00 0.01-3.69
DPR 7.32 5.23 3.42-14.19

DPO 3.44 2.71 0.01--7.54
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Table 46: The mean, SD and range of extent of fluctuations
of Fo for normals, dysphonics pre-therapy and

dysphoni cs post-therapy for the vowel /u/

Groups Mean SD Range
ccl/ sec

N 2.35 1.85 0.01-4.18
DPR 9.41 7.46 0.01-22.59
DPO 4. 66 3.81 0.01-12.70

Table 47: Conparison of normals vs. pre-therapy dysphonics,
dysphoni cs pre-therapy vs. dysphonics post-therapy
and normals vs. dysphonics post-therapy in terms
of extent of fluctuations of Fo in phonation for

the vowel /al

Group Correl ation Significance
coefficient
N vs. DPR -6.662 +
DPR vs. DPO -7.870 +
N vs. DPO 0.418 +

Tabl e 48: Conparison of normals vs. pre-therapy dysphonics,
dysphoni cs pre-therapy vs. dysphonics post-therapy
and normals vs. dysphonics post-therapy in terns
of extent of fluctuations of Fo in phonation for

the vowel /il

Group Correl ation Si gni ficance
coefficient
N vs. DPR 0.478 +
DPR vs. DPO -0.1212 +

N vs. DPO 0. 6545 -
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Tabl e 49: Conparison of normals vs. pre-therapy dysphonics,
dysphoni cs pre-therapy vs. dysphonics post-therapy
and normal s vs. dysphonics post-therapy in terns
of extent of fluctuations of Fo in phonation for
the vowel /u/

G oup Correl ation Si gni ficance
coefficient

N vs. DPR 0. 4909 +
DPR vs. DPO 0. 266 +
N vs. DPO 0. 818 -

The results and statistical analysis of this
paraneter showed that the two groups, I.e. normal and
dysphonics before treatnent were significantly different
from each other. The nean and the SD of the dysphonics were
much hi gher than that of normals. The abnornmal extent of
fluctuation in fundanental frequency in the dysphonics
suggested irregular vocal fold vibrations in different types
of voice disorders. |Imuizum et al. (1980), Kimet al.
(1982), Yoon et al. (1984) and Nataraja (1989) have found
results simlar to this. There was significant difference
bet ween the dysphonics before and after therapy in terns of
this paraneter and conparison of post-therapeutic voice with
normal s reveal ed no significant differences except for vowel
/al. These results show that extent of fluctuations in

f undanent al frequency decreases significantly foll ow ng
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therapy. So this paranmeter is useful to nonitor treatnent
for voice disorder to determ ne that the changes take place

in the right direction.
Mean intensity in phonation (Ao)

Mean Ao is defined as the nean anplitude of the

steady portion of the phonation.

Tables 50. 51, 52, 53, 54, 55 and graphs 8, 9 and
10 showed that the nmean Ao showed no significant differences
between the normals and the dysphonics pre-treatnent for
vowels /al/, /i/ and /u/. A conparison of the pre- and post-
t herapy dysphonic groups showed t hat t here was no
significant difference in case of /a/, [i/ and /u/. So
conpari son of post-therapy voices and normals on nean Ao
showed no significant differences in /a/, [i/ and /[ul.
Therefore the results show that nean Ao is not an inportant
paraneter to nonitor post-therapeutic changes.
Table 50: The nean, SD and range for nean Ao for normals,

dysphoni cs pre-therapy and dysphonics post-therapy
for the vowel /al

G oups Mean SD Range
cc/ sec
N 51.85 2.55 49. 26- 55. 07
DPR 48. 374 6. 014 38. 00-52. 49

DPO 47.842 4.79 40. 40-52. 61
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Table 51: The nmean, SD and range for mean Ao for nornals,
dysphoni cs pre-therapy and dysphoni cs post-therapy

for the vowel /i/

G oups Mean SD Range
cc/ sec
N 49. 332 3.124 46. 96- 54. 55
DPR 43. 530 2.784 38. 34-52. 69
DPO 49. 704 5.001 40.58-47.72

Table 52: The nmean, SD and range for mean Ao for nornmals,
dysphoni cs pre-therapy and dysphoni cs post-therapy

for the vowel /[ u/

G oups Mean SD Range
cc/ sec
N 50. 726 4. 95 46.81-51. 32
DPR 40 - 202 6. 642 38.25-54. 18
DPO 48. 860 5. 196 40. 40-53. 77

pre-therapy dysphonics,

dysphoni cs post -t herapy

Tabl e 53: Conparison of normals vs.
terns

dysphoni cs pre-therapy vs.
and normal s vs. dysphonics post-therapy in

of nmean Ao in phonation for the vowel /a/

Correl ation Si gni fi cance

G oup
coefficient
N vs DPR 0.8 -
DPR vs. DPO 0.7 -

N vs. DPO 0.6
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Graph 8: The mean values of intensity
parameters for vowel /a/ for normals
and dysphonics before and after
treatment
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and dysphonics before and after
treatment
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The results showed no signi ficant di fferences
bet ween the dysphonics pre-therapy and post-therapy. Sane
was the result of conparison between normals and dysphonics

pre-therapy and normals and dysphonics post-therapy.

Tabl e 56: The nean, SD and range of maxi num Ao for nornmals,
dysphoni cs pre-therapy and dysphonics post-therapy
in phonation for the vowel /a/

G oups Mean SD Range
cc/ sec

N 52. 66 2. 530 50. 76-56. 04
DPR 48. 54 5. 953 38. 34-52. 69
DPO 48. 18 4.779 40. 58-52. 94

Tabl e 57: The nmean, SD and range of maxi mum Ao for normals,
dysphoni cs pre-therapy and dysphonics post-therapy
in phonation for the vowel /i/

Groups Mean SD Range
cc/ sec
N 49 .93 3. 218 47.50-55. 31
DPR 46. 056 5.392 38.89-54. 30
DPO 50. 246 4.712 41. 62-54. 23

Tabl e 58: The nean, SD and range of naxi mum Ao for normals,
dysphoni cs pre-therapy and dysphonics post-therapy
in phonation for the vowel /u/

G oups Mean SD Range
ccl/ sec

N 51. 896 5. 80 47.28-61.90
DPR 47.770 0. 57 40. 00- 54. 69

DPO 49. 960 5.30 42.82-54.73
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Tabl e 54: Conparison of normals vs. pre-therapy dysphonics,
dysphoni cs pre-therapy vs. dysphonics post-therapy
and normal s vs. dysphonics post-therapy in terns
of nean Ao in phonation for the vowel /i/

G oup Correl ation Si gni ficance
coefficient

N vs. DPR 0.6 -
DPR vs. DPO 0.8 -
N vs- DPO 0.8 -

Tabl e 55: Conparison of normals vs. pre-therapy dysphonics,
dysphoni cs pre-therapy vs. dysphonics post-therapy
and normal s vs. dysphonics post-therapy in terns
of nean Ao in phonation for the vowel /u/

G oup Correl ation Si gni ficance
coefficient

N vs. DPR 0.5 -
DPR vs. DPO 0.8 -
N vs. DPO 0.6 -

Maxi mum intensity in phonation (Maxinmm Ao)

The maxi mum intensity in phonation was defined as
the maximum intensity neasured in a steady portion of

phonati on.

The results obtained in the study are presented in

tables 56, 57, 58, 59, 60, 61 and graphs 8, 9 and 10.
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Tabl e 59: Conparison of normals vs. pre-therapy dysphonics,
dysphoni cs pre-therapy vs. dysphonics post-therapy

and normal s vs. dysphonics post-therapy in terns
of maxi mum Ao in phonation for the vowel /a/

Correl ation Si gni fi cance

G oup
coefficient
N vs. DPR 0.6 -
DPR vs. DPO 0.9 -
N vs. DPO 0.6 -

Tabl e 60: Conparison of normals vs. pre-therapy dysphonics,
dysphoni cs pre-therapy vs. dysphonics post-therapy

and normal s vs. dysphonics post-therapy in terns
of maxi mum Ao in phonation for the vowel /i/

Correl ation Si gni ficance

G oup
coefficient
N vs. DPR 0.7 -
DPR vs. DPO 0.6 -
N vs. DPO 0.6 -

pre-therapy dysphonics,
dysphoni cs post-therapy
terms

Tabl e 61: Conparison of normals vs.
dysphoni cs pre-therapy vs.
and normal s vs. dysphonics post-therapy in
of maxi mum Ao in phonation for the vowel /u/

Correl ation Signi fi cance

G oup
coefficient
N vs. DPR 0.6 -
DPR vs. DPO 0.7 -

N vs. DPO 0.9
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M nimum Intensity in Phonation (M ninmm Ao)

It is defined as the mnimum intensity of the steady

portion of phonation.

Results of the present study indicated that the
m ni mum Ao showed no significant differences between the
normal and the pre-therapy dysphonic group. Again conparison
of pre- and post-therapy mnimm Ao showed no significant
differences for all three vowels and there was no
significant difference between the post-therapy dysphonics
and normals with reference to this parameter for any of the
three vowels /al/, /il and /u/. Therefore according to this
study m ni mum Ao appears to be not changing significantly

followi ng therapy.

The results have been given in tables 62, 63, 64,
65, 66, 67 and graphs 8, 9 and 10.
Table 62: The mean, SD and range of mnimum Ao for normals,

dysphonics pre-therapy and dysphonics post-therapy
in phonation for the vowel /a/

Groups Mean SD Range
ccl/ sec
N 50. 92 2.770 48.12-54.31
DPR 47.536 6. 099 37.48-52. 37

bPO 47.38 5.024 40. 11-52. 20
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Table 63: The nean, SD and range of mninumAo for normals,
dysphoni cs pre-therapy and dysphonics post-therapy
in phonation for the vowel /i/

G oups Mean SD Range
cc/ sec
N 48. 660 3. 006 46. 35- 83. 63
DPR 43.548 4. 440 38.45-50.73
DPO 49. 886 5. 275 40. 32-54. 30

Table 64: The nean, SD and range of mninmm Ao for normals,
dysphoni cs pre-therapy and dysphonics post-therapy
in phonation for the vowel /u/

G oups Mean SD Range
cc/ sec
N 50. 040 4. 207 46. 29-57. 27
DPR 45. 886 6. 57 37.85-53.78
DPO 48. 302 5.67 38.89-53. 44

Tabl e 65: Conparison of normals vs. pre-therapy dysphonics,
dysphoni cs pre-therapy vs. dysphonics post-therapy
and normals vs. dysphonics post-therapy in terns
of m nimum Ao in phonation for the vowel /al

G oup Correl ation Signi ficance
coefficient

N vs. DPR 0.9 -
DPR vs. DPO 0.9 -
N vs. DPO 0.9 -
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Tabl e 66: Conparison of normals vs. pre-therapy dysphonics,
dysphonics pre-therapy vs. dysphonics post-therapy
and normals vs. dysphonics post-therapy in terns
of m nimum Ao in phonation for the vowel /i/

Group Correl ation Signi ficance
coefficient

N vs. DPR 0.7 -
DPR vs. DPO 0.6 -
N vs. DPO 0.8 -

Table 67: Conparison of normals vs. pre-therapy dysphonics,
dysphoni cs pre-therapy vs. dysphonics post-therapy
and normals vs. dysphonics post-therapy in terns
of m ninmum Ao in phonation for the vowel /u/

Group Correl ation Significance
coefficient

N vs. DPR 0.6 -
DPR vs. DPO 0.6 -
N vs. DPO 0.6 -

Range of intensity in phonation

This has been defined as the difference between
maxi mum and m ninmum intensities in phonation. Tables 68, 69,
70, 71, 72, 73 and graphs 8, 9 and 10 indicate that the
intensity range in phonation showed significant di fferences
bet ween the dysphonics and normals. The dysphonic males and
femal es had greater intensity range in phonation than the

normal males and females indicating their inability to
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Table 70: The nean, SD and range for range of intensity for
nor mal s, dysphonics pre-therapy and dysphonics
post-therapy in phonation for the vowel /u/

G oups Mean SD Range
cc/ sec

N 2.470 1.71 0.99-5.90
DPR 7.49 5. 49 0.65-18. 31
DPO 2.92 1.41 1. 00-5. 48

Tabl e 71: Conparison of normals vs. pre-therapy dysphonics,
dysphoni cs pre-therapy vs. dysphonics post-therapy
and normals vs. dysphonics post -t her apy for
intensity range in phonation for the vowel /a/

G oup Correl ation Signi ficance
coefficient

N vs. DPR 0. 469 +
DPR vs. DPO 0. 218 +
N vs. DPO 0. 854 -

Table 72: Conparison of normals vs. pre-therapy dysphonics,
dysphoni cs pre-therapy vs. dysphonics post-therapy
and normal s vs. dysphonics post-therapy in terns
of intensity range in phonation for the vowel /i/

G oup Correl ation Si gni ficance
coefficient

N vs. DPR -0. 6727 +
DPR vs. DPO 0. 466 +
N vs. DPO 0. 6515 -
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maintain the intensity at a steady level like nornals.
Nataraja (1989) has also shown simlar results. Conparison
of the pre- and post-therapeutic voices of dysphonics on
this paraneter indicated that the intensity range in
phonation decreased significantly follow ng therapy. And the
post-therapeutic voices showed no si gni fi cant changes
conpared to normals. So this paraneter appears to be very
sensitive to voice change follow ng therapy and the change
is found to be towards normal cy.

Tabl e 68: The nean, SD and range for range of intensity for

normal s, dysphonics pre-therapy and dysphonics
post-therapy in phonation for the vowel /al

G oups Mean SD Range
cc/ sec

N 2.33 1. 069 1. 05-4.40
DPR 5.99 4.09 1.65-13. 21
DPO 2.76 1.59 1.15-4.92

Table 69: The nmean, SD and range for range of intensity for

normal s, dysphonics pre-therapy and dysphonics
post-therapy in phonation for the vowel /i/

G oups Mean SD Range
cc/ sec

N 1.709 0. 82 0. 74- 3. 60
DPR 8.76 6. 32 1.74-12. 41

DPO 2.04 1.35 0.18-3. 27
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Table 70: The nean, SD and range for range of intensity for
nor mal s, dysphonics pre-therapy and dysphonics
post-therapy in phonation for the vowel /u/

G oups Mean SD Range
cc/ sec

N 2.470 1.71 0.99-5.90
DPR 7.49 5.49 0. 65-18. 31
DPO 2.92 1.41 1.00-5.48

Tabl e 71: Conparison of normals vs. pre-therapy dysphonics,
dysphoni cs pre-therapy vs. dysphonics post-therapy
and normals vs. dysphonics post -t her apy for
intensity range in phonation for the vowel /a/

G oup Correl ation Si gni ficance
coefficient

N vs. DPR 0. 469 +
DPR vs. DPO 0.218 +
N vs. DPO 0. 854 -

Tabl e 72: Conparison of normals vs. pre-therapy dysphonics,
dysphoni cs pre-therapy vs. dysphonics post-therapy
and normal s vs. dysphonics post-therapy in terns
of intensity range in phonation for the vowel /i/

G oup Correl ati on Si gni fi cance
coefficient

N vs. DPR -0. 6727 +
DPR vs. DPO 0. 466 +
N vs. DPO 0. 6515 -
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Table 73: Conparison of normals vs. pre-therapy dysphonics,
dysphoni cs pre-therapy vs. dysphonics post-therapy
and normals vs. dysphonics post-therapy in terms
of intensity range in phonation for the vowel /u/

G oup Correl ation Si gni fi cance
coefficient

Nvs. DPR -0. 454 +
DPRvs. DPO 0. 442 +
Nvs. DPO 0. 793 -

Speed of fluctuations in intensity in phonation

The speed of fluctuation in intensity was defined as
the nunber of fluctuations in intensity in a phonation of

one second.

The results obtained have been shown in tables 74,
75, 76, 77, 78, 79 and graphs 8, 9 and 10. The results
showed that there was a statistically significant difference
between normal s and pre-therapy dysphonics in terns of this
paraneter. This paraneter is regarded to provide infornmation
about the condition and functioning of the vocal folds. This
has been reported in Iliterature too. Yoon et al. (1984),
Nataraja (1989) found simlar results. Conparison of the
dysphoni cs before and after therapy on this paraneter showed
significant changes following therapy. The nunber of
fluctuati ons decrease follow ng therapy. And again there was

no significant differences anong the dysphonics post -
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t herapeutically and the normals. Therefore this paranmeter is
useful in nonitoring post-therapy changes in voice.
Table 74: The nean, SD and range of speed of fluctuations in

intensity for normals, dysphonics pre-therapy and
dysphonics post-therapy in phonation for t he

vowel /al
G oups Mean SD Range
cc/ sec
N 0.16 0.33 0.01-1.01
DPR 1.74 3.11 0.01-9. 89
DPO 0.16 0.24 0.01-0.51

Tabl e 75: The nean, SD and range of speed of fluctuations in
intensity for normals, dysphonics pre-therapy and

dysphonics post-therapy in phonation for t he
vowel /i/

G oups Mean SD Range
cc/ sec

N 0.10 0.30 0.01-0.99
DPR 2.11 2.96 0.01-9.09
DPO 0.11 0.21 0.01-0.51

Tabl e 76: The nean, SD and range of speed of fluctuations in
intensity for normals, dysphonics pre-therapy and
dysphonics post-therapy 1in phonation for t he

vowel /uf
G oups Mean SD Range
cc/ sec
N 0.15 0. 33 0. 01-0.99
DPR 3.25 3.92 0.01-10.55

DPO 0 18 0 40 0.01 1 01
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Table 77: Conparison of normals vs. pre-therapy dysphonics,
dysphoni cs pre-therapy vs. dysphonics post-therapy
and normals vs. dysphonics post-therapy in terns
of speed of fluctuations in intensity in phonation
for the vowel /al

G oup Correl ation Si gni fi cance
coefficient

Nvs. DPR -0.1818 +
DPR vs. DPO -7.878 +
Nvs. DPO 0. 733 -

Tabl e 78: Conparison of normals vs. pre-therapy dysphonics,
dysphoni cs pre-therapy vs. dysphonics post-therapy
and normals vs. dysphonics post-therapy in terns
of speed of fluctuations in intensity in phonation
for the vowel /i/

G oup Correl ation Si gni fi cance
coefficient

N vs. DPR 0. 4939 +
DPR vs. DPO 0. 4969 +
Nvs. DPO 0. 645 -

Tabl e 79: Conparison of normals vs. pre-therapy dysphonics,
dysphoni cs pre-therapy vs. dysphonics post-therapy
and normal s vs. dysphonics post-therapy in terns
of speed of fluctuations in intensity in phonation
for the vowel /u/

G oup Correl ation Si gni fi cance
coefficient

Nvs. DPR 0. 4424 +
DPR vs. DPO 0. 315 +

N vs. DPO 0. 6345
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Extent of fluctuations in intensity in phonation

Extent of fluctuations in intensity 1is defined as
the nmeans of the fluctuations in intensity in a phonation of

one second.

Tabl es 80, 81, 82, 83, 84, 85 and graphs 8, 9 and 10
showed that there was a significant difference on the extent
of fluctuations in intensity in the normals and dysphonic
group for /a/ and /i/ but not for /u/. Again follow ng
therapy in the dysphonic group there was si gni ficant
difference for /a/ and /u/ but not for /i/. And post-
t herapeutic conparison with normals indicated significant
difference for /i/ and /u/ and not for /a/. Thus in this
study the extent of fluctuations in intensity showed
significant differences for /a/ and /u/ follow ng therapy
and not for /i/.

Tabl e 80: The nean, SD and range for extent of fluctuations

in intensity for normals, dysphonics pre-therapy
and dysphonics post-therapy in phonation for the

vowel /al/
G oups Mean SD Range
cc/ sec
N 0.61 1.27 0.01-3.05
DPR 2.65 3.03 0.01-9. 89

DPO 0.95 1.51 0.01-3.25
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Table 81: The nean, SD and range of extent of fluctuations
normal s, dysphonics pre-therapy

in intensity for
and dysphoni cs post-therapy in phonation for the
vowel /i/
G oups Mean SD Range
cc/ sec
N 0. 327 1. 002 0.01-3.18
DPR 2.72 2.76 0.01-9.12
DPO 0.61 1.28 0. 01- 3. 07

of fluctuations

Table 82: The nean, SD and range of extent
pre-therapy

in intensity for normals, dysphonics
and dysphonics post-therapy in phonation for the
vowel /u/
G oups Mean SD Range
cc/ sec
N 0. 63 1.31 0.01-3. 22
DPR 3.32 2. 69 0.01-9. 89
DPO 0. 669 1.31 0. 01-3.45

Tabl e 83: Conparison of normals vs. pre-therapy dysphonics,
dysphoni cs pre-therapy vs. dysphonics post-therapy

and normal s vs. dysphonics post-therapy in terns
of extent of fluctuations in intensity in

phonation for the vowel /al

Correl ation Si gni fi cance

G oup
coefficient
N vs. DPR 0. 2181 +
DPR vs. DPO 0. 1515 +

N vs. DPO 0. 818
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Tabl e 84: Conparison of normals vs. pre-therapy dysphonics,
dysphoni cs pre-therapy vs. dysphonics post-therapy
and normals vs. dysphonics post-therapy in terns
of extent of fluctuations in intensity in
phonation for the vowel /i/

Group Correl ation Significance
coefficient

N vs. DPR 0. 4939 +
DPR vs. DPO 0. 569 +
N vs. DPO 0. 296 -

Tabl e 85: Conparison of normals vs. pre-therapy dysphonics,
dysphoni cs pre-therapy vs. dysphonics post-therapy
and normals vs. dysphonics post-therapy in terns
of extent of fluctuations in intensity in
phonation for the vowel /u/

Gr oup Correl ation Si gni ficance
coefficient

N vs. DPR 0. 442 +
DPR vs. DPO 0. 339
N vs. DPO 0. 2424 -
The results of the above conparisons of t he

dysphonics pre-therapy with the dysphonics post-therapy
revealed that out of 16 parameters post-therapy voice
differed in nine paraneters from pre-therapy dysphonic
voi ces. The parameters which underwent significant changes
following therapy in dysphonics are listed as follows:

a. Mean air flow rate

b. Maxi mum phonati on duration
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c. SZ ratio
d. Range of fundanental frequency in phonation
e. Speed of fluctuations in fundanental frequency in
phonati on
f. Extent of fluctuations in fundanental frequency in
phonati on
g Range of intensity in phonation
h. Speed of fluctuations in intensity in phonation
i. Extent of fluctuations in intensity in phonation
The paranmeters which differentiated between nornals
and dysphonics pre-therapy in this study are as follows.
a. Mean air flowrate
b. Maxi num phonati on duration
c. SYZ ratio
d. Range of fundanental frequency in phonation
e. Speed of fluctuations in fundanental frequency in
phonati on
f. Extent of fluctuations in fundanmental frequency in
phonati on
g Range of intensity in phonation
h. Speed of fluctuations in intensity in phonation

i. Extent of fluctuations in intensity in phonation

Thus out of the 16 paraneters considered nine

paraneters could differentiate normals from dysphoni cs.
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The conparison of post-therapy voices of dysphonics
with normals showed significant differences in the follow ng
par anet ers.

a. Maxi mum phonati on duration

b. §Z ratio
That is out of 16 paraneters two par aneters showed
significant differences in post-therapy voices of dysphonics
conpared with normal voices. In all other paraneters there
is no significant difference between dysphonics after
treatment and normals. This shows that in ternms of all these

paraneters the post-therapy voices appr oxi mat e nor mal

Voi ces.
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SUMVARY AND CONCLUSI ON

This study ainmed to determ ne the paraneters which
can differentiate between nornmal and abnormal voice and to
identify those parameters which show significant differences

after therapeutic intervention in the case of dysphonics.

In this study the follow ng sixteen paraneters were
considered to determne which of t hese woul d show
significant differences between normals and dysphonics and
bet ween dysphonics before and after treatnent.

Aer odynam ¢ paraneters
Vital capacity (VO
Mean air flow rate (INAF)

maxi mum phonati on duration (MPD)

P w DM

SZ ratio (S2)

Acoustic paraneters
5. Mean fundanental frequency in phonation (mean Fo)
6. Maxi mum fundanmental frequency in phonation (nmaxi mum Fo)
7. Mnimm fundanental frequency in phonation (mnimnmm Fo)
8. Range of fundanental frequency in phonation
9 Speed of fluctuations 1in fundanental frequency in

phonati on
10. Extent of fluctuations in fundanmental frequency in

phonati on
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11. Mean intensity in phonation (nean Ao)

12. Maximum intensity in phonation (maxi mum Ao)

13. Mnimumintensity in phonation (mninum Ao)

14. Range of intensity in phonation

15. Speed of fluctuations in intensity in phonation

16. Extent of fluctuations in intensity in phonation

Al these 16 paraneters were neasured in 10 nornal
subjects (4 females and 6 males) and 10 dysphonic subjects
(4 females and 6 nmles) before and after theropeutic
internvention. After analysis results were subjected to
statistical analysis using Epistat Conputer Programre. Here
three different conparisons were nmade in terms of all the
par aneters.

a. Between normals and dysphoni cs before therapy

b. Between dysphonics before and after therapy

c. Between normals and dysphonics after therapy
The statistical test wused was t he r ank correlation
coefficient test and descriptive statistics and t he

foll ow ng concl usi ons were drawn.
Concl usi ons

1. Qut of the 16 paranmeters studied 9 paraneters
showed significant differences between the dysphonics before

and after treatnent. These were nean air flow rate, maxi mum
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phonation duration, SZ ratio, range of f undanent a
frequency in phonation, speed of fluctuation in fundanental
frequency in phonation extent of fluctuations in fundanmenta
frequency in phonation, range of intensity in phonation
speed of fluctuations in intensity in phonation and extent

of fluctuations in intensity in phonation.

2. The above paraneters were also the paraneters
that could differentiate normals from dysphonics before

t her apy.

3. Following therapy in dysphoni cs only two
parameters out of sixteen showed significant differences. In
all other parameters there is no significant difference
bet ween dysphonics after treatnment and normal. This shows
that in terms of all these paraneters the post-therapy

voi ces approxi mated normal voices.
| nplications of the study

1. This study gives an wunderstanding into the
various paranmeters that are expected to undergo significant

changes foll ow ng therapy.

2. It permts short termnonitoring of even subtle

changes follow ng therapy.

3. It gives direction to t r eat ment and t he
parameters could be used to determ ne efficiency of various

t her apy prograns.



-108-

Furt her recommendati ons

1. These paraneters could be studied for nore nunber

of subjects.

2. Conparisons between males and fenmales could be

carried out.

3. Geater nunber of paraneters could be studied,

eg. spectral analysis, harnonic analysis, etc.

4. These paraneters could be studied from tine to
time during the course of therapy to nonitor progressive

changes during course of therapy.
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