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I NT RODUCTI ON

The treatnment of patients suffering from dysphonia
depends upon the ability to assess initially the bype and
degree of voice inprovenent and also to nonitor the patient's

progress throughout the treatnment” (Kel man, 1981).

Many have suggested various means of anal ysing voice to
note the factors that are responsible for creating an inpres-
sion of a particular voice and to determ ne the underlying
mechani sm (M chel & Wendahl, 1971,; Jayaram 1975, Fritzell
1977,; Laver & Hanson, 1981, Hirano, 1981, Kelnen, 1981,
Perkins, 1971; Enerick & Hatten, 1979).

According to Hrano (1975), there are several ways of
direct or indirect assessnent, observation, and/or measure-
ments of the paraneters in the process of the production and

perception of voice. These can be classified as follows: -

(1) Paraneters whi ch regulate vibratory patterns of

vocal folds

Eg. Physi cal exam nat i on, endoscopy, X rays,

El ect romyogr aphy etc.

(i1) Paraneters which specify vibratory patterns

Eg. Stroboscopy, Electroglottography etc. &



(iii) Parameters which specify the sound generated

Eg. Acoustic Anal ysis.

Several of these nethods have been used by different
investigators, in different conmbinations. Sonetines only one
or two of them have been wused for evaluation of voice.
However, as Hirano(1981) has pointed out there is no agree-
ment regarding the findings and also the terns used.
Moreover, only a few studies on analysis of voice paraneters
in voice disorders in Indian popul ations have been reported

(Jayaram 1975; Nataraja, 1986; Chandrashekar, 1987).

Therefore, in this study an attenpt has been nade to
study the paraneters which specify vibratory patterns nanely
El ectrogl ott ography(EG5, and which specify the sound gen-

erated nanely the long term average spectrumnmLTAS)

As suggested by Hanson, Gerratt, and Ward (1983)
majority of the phonatory dysfunctions are associated wth
abnormal vibrations of the vocal folds. Hence, analysis of
the vibrations of the vocal folds in ternms of different
paraneters constitute an inportant aspect to be considered
in the diagnosis and differential diagnosis of voi ce

di sorders.



Li kewi se, many investigators have also stressed the im
portance of long term average spectrum in diagnosis, dif-
ferential diagnosis and foll owup of progress of therapy with
voi ces disorders,( Lofqvist & Manderson, 1986;  Frokj aer-

Jensen & Prytz, 1976).

However, only a few studies on el ectroglottography and
long term average spectrum have been carried out on dys-

phonics in India( Chandrashekar, 1987; Nataraja, 1986).
Hence, the present study was proposed to observe the
different paraneters of EGG and LTAS in Indian clinica

popul ati on, having different types of voice disorders.

Pur pose of the Study

The study was designed to study the various paraneters
of EGG& LTAS in nmale and fenal e dysphonics, and conpare them
with with normals.

The paraneters considered for the study are:-

| El ectrogl ottography

(a) Open quotient,

(b) Speed quotient, -
(c) Speed Index,

(d) Jitter, &

(e) Shimer.



Il Long term average spectrum

(a) Al pha-rati o,

(b) Energy above 1 KHz,

(c) Energy below 1 KHz,

(d) Energy in the frequency band 5-8 KHz, &
(e) The frequency of the highest peak.

Hypot hesi s

(1) There wll be no significant difference between
normal s and dysphonics ( as a group) in terns of
t hese paraneters.

(2) There wll be no significant difference between
nor mal s and dysphoni cs mal es in termns of t hese
par anmet ers.

(3) There wll be no significant difference between
normal s and dysphoni cs femal es in terns of t hese
par aneters.

(4) There wll be no significant difference between
dysphoni cs mal es and femal es in terms of t hese
par aneters.

(5 There wll be no significant difference between
nor mal s mal es and femal es in terms of LTAS
par anmet ers.



In this study 18 dysphonic subjects (10 nmales and 8
females) in the age range 19-35 years were studied. For each
subject, 5 paraneters of EGG nanely open quotient, speed
qguotient, speed index, shinmer, and jitter were neasured for
vowel /al/ using Electroglottography ( Key Elenmetrics) & High
Resol ution Signal Analyser( B&K 2033) instrunents.

Further, five paranmeters of LTAS nanely Alpha ratio,
Energy above 1 KHz, energy below 1 KHz, energy in the
frequency band 5-8 KHz, and the frequency of highest peak

were studied using personal conputer with necessary software.

Limtations:-

(i) Only 18 dysphonics were studied.
(ii) Al types of dysphonics were not studied.
(iii) Only five paraneters of EGG and LTAS were studied.

| nplications :-

(i) It provides information regarding the vibratory and

spectral patterns of vocal folds in dysphonics.

(ii) It helps in diagnosis and differential diagnosis of

dysphoni cs.



(iti) The pre-therapy and post therapy EGG & LTAS
recordi ngs provi des obj ective i nformation about

i mprovenent in the voice of dysphonics.

Definitions:-

The follow ng definitions have been used in the present
st udy.

(i) Open Quotient (OQ) -

Open phase

Full period of one Vibration

Openi ng phase
(i1) Speed Quotient (SQ -

Cl osi ng phase
SQ1
SQr1

(1V) Jditter (J) is cycle to cycle variation in period
(in sustai ned phonation) in m Sec.

(iii) Speed Index (Sl)=

(v) Shimmer (S) is <cycle to cycle variations in
anpl i t ude( in sust ai ned phonat i on) in dB
(acoustical).

(vi) EGG - El ectrogl ot t ogr aphy, sane as
El ectrol aryngogr aphy.

(vii) LTAS = Long term average spectrum

Energy above 1 KHz
(viii) Alpha Ratio =

Energy below 1 KHz

(i X) Energy above 1 KHz - Sumof energy in the frequency
range 1-8 KHz di vi ded by the nunber of points in
this range.

(x) Energy below 1 KHz = Sum of energy in the frequency
range 0-1 KHz di vi ded by the nunber of points in
t hi s range.

(xi) Energy in the frequency band 5-8 KHz = sum of
ener gy in this frequency band divided by the nunber
of points in this frequency band.

(xii) The frequency of the highest peak = the frequency
wi th maxi num anplitude ( Peak).



(xiii)
(xiv)
(xv)
(xvi)

(xvii)

NM
NF

normal males ( as a group)
normal females ( as a group)
dysphonic males ( as a group)
dysphonic females ( as a group)

nul | hypot hesi s.



REVI EW OF LI TERATURE

Communi cation has |ong been recogni zed as one of the
nost fundanental conmponents of human behavi our. The ability
of the human beings to use their vocal apparatus wth other
organs to express their feelings, to describe an event and to
establ i sh comuni cation is unique to them It took mllions
of years for human beings to develop this faculty. The onset
of the human era is recognized to have started with the ac-
quisition of the ability to comrunicate using the vocal ap-
paratus for social interaction. No normal person has failed
to develop this faculty and no other species is known to have
devel oped this ability.)

" The act of speaking is a very specialised way of using
the vocal mechanism The act of singing is even nore so.
Speaki ng or singing demand a conbination or interaction of
t he mechani smof respiration, phonation, resonance and speech

articulation" (Boone, 1983).

The underlying basis of speech is voice. The inportance

of wvoice in speech is very well depicted when one considers

the cases of |aryngectony or even voice disorders.,

2.1



Voice plays the nusical acconpani ment to speech
rendering it tuneful, pleasing, audible and coherent, and is
an essential feature of efficient communication by the spoken

word" (G eene, 1964).

Voice plays an inportant role in Speech and Language.
The production of voice depends on the synchrony between the
respiratory, the phonatory and the resonatory systens. Any
anatom cal, physiological or functional deviation in any of
t hese systens would lead to a voice disorder. Such a di sor-
der may cause social, econom c and psychol ogi cal problens to
the individual wth the voice disorder. Therefore voice
probl ems nmust be treated i.e., help nust be provided to the
individuals wth voice problenms to overcone the problens or

atleast to cope with the problem

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

action" ( Enmerick and Hatten, 1979).
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Many have shown their concern regarding the need for
defining and describing normal voice which fornms the basis
for defining or describing variations fromnormal i.e., supra
or subnormal voice (Perkins, 1971; Laver and Hanson, 1981

M chel and Wendahl, 1971).

Inspite of the fact that there is a great need to under-
stand the voice, its production, factors affecting it, basic
i ssues like definition of voice, normalcy in voice have not
been resol ved. They are vague and anbi guous. M chel and
Wendahl (1971) give a good account of problens in defining

Voi ce.

Many have suggested various neans of analyzing voice to
note the factors which are responsible for creating an im
pression of a particular'voice" ( Mchel and Wendahl, 1971,
Perkins, 1971; Jayaram 1975; Nataraja and Jayaram 1979
Hi rano, 1981; Laver and Hanson, 1981).

According to Hrano (1981), "Wth regard to phonation
various nethods have been proposed and used by many
clinicians and resear chers al | over t he wor | d.
Unfortunately, none of these methods appear to have been
standardi zed on an international basis. Wth respect to sone
of these techniques, a mgjority of investigators seemto be
in agreenment in ternms of the significance of these tests and

the interpretations of the data thereby obtained".

2.3



Hi rano(1981) while hoping for standardization of clini-
cal exam nation of voice suggests several nethods like EMG
of Laryngeal nuscles, acoustic analysis of voice signal
aer odynam c tests, st udy of vocal fold wvibrations,
psychoacoustic evaluations of voice to exam ne phonatory
ability, which  woul d refl ect di fferent aspects of
respiratory, phonatory and resonatory systens. These nethods
have been used by different investigators, sone in
conbi nations, and sonme in isolation to evaluate voice.
However, as H rano (1981) has pointed out, there is no agree-

ment regarding the findings and terns used.

According to Hanson, Gerratt and Ward (1983),
"Majority of the phonatory dysfunctions are associated wth
abnormal vibrations of the vocal cords. Hence, Analysis of
the vocal fold vibrations in terns of different paraneters
constitutes an inportant aspect to be considered in the

di agnosi s of voice disorders”.

The study of vibratory novenents of the vocal folds has
therefore drawi ng a lot of interest anong reseachers

recently.
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The vocal folds vibrate around 100-300Hz, during nornal
conversation, and even at a higher level during singing, ob-
servation of such vibrations requires several nethods, sone
of these nethods are invasive and others non invasive. Each

of these nethods have their own |limtations.

As Fritzell (1986) points out, "In clinical nmanagenent of
patients wth voice disorders, the examnation of the
patients relies upon the ear and eye of the exam ner. It is

highly desirable to supplenent this subjective evaluation
with recording procedures and qualitative neasurenents for
di agnostic purposes as well as for assessnent of the result

of treatnent.

In the exam nation situation, the patient's vocal be-
havi our is influenced by a nunber of factors. The situation
as such may nmake the patient tense. I ndirect |aryngoscopy
with a mrror in the throat 1is an extrenely unnatura
situation, and one should be very careful to draw concl usions
about vocal behaviour from the findings during mrror
| ar yngoscopy. Al optic recordings of the vocal folds and
their wvibrations are invasive and consequently nore or |ess
irritating and disturbing for the patient. Acoustic record-
ings have the advantage that they can be nade with the

patient relaxed with a fairly normal behaviour."
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The following are some of the direct and indirect

nmet hods used to study vocal fold vibration.

(1) Electro glottography.(E. G G)
(2) Stroboscopy

(3) Utra high speed photography
(4) Inverse filtering nethod

(5) Photo gl ottography

(6) Utra sound / Echo gl ottography

St roboscopy permits the clinician to view the vibrations
of the vocal cords. However, providing the description of the
condi tion and novenents of the vocal cords depends on the
ability of the clinician. Further, the use of stroboscopy
many interfere wth normal phonation and thus it may not
provide information regarding the abnormalities of the voca

cords ( Hirano, 1981).

Though ultra high speed photography technique provides
an obj ective information about vocal cords, novenments, it's

clinical applications are |limted.

As it is an invasive technique, it requires a
greater cooperation fromthe patients”, ( Holmer, Kitzing,

Li ndstrom 1973).
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These nmethod is limted to the study of vibratory
patterns of vocal folds in sustained phonation of vowels and

non speech vocalization" ( Harden, 1975).

This technique is expensive and al so consunes a |ot

of tine and space"” ( Hanson et. al., 1983)

Photo gl ottography nethod is better than stroboscopy
as it provides graphical display and better than high speed
phot ography as it is economical " (Hanson et.al., 1983).
Several investigations have pointed out the Ilimtations

of P.GG technique. They are:-

(1) PPGGyields sufficient information about only certain
points of the vibratory cycle ( Dejonckere and Lebacq, 1985).

(2) In PPGG the point at which the glottal opening
starts can often be difficult to |ocate(Kitzing and Lofqvist,
1979).

(3) According to Hanson et.al., (1983), P.G G wave forns
may not represent accurately the glottal area of patients who
adduct the wventricular folds during phonation and wth
patients who have significant assynmetry of vocal cords

closure, P.GG signal may not reflect the glottal opening.

According to Hanson et.al., (1983), " Utrasound or

el ectrography is not frequently wused clinicially, as it

requires a special ultrasound transducer”.
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El ectro glottography (EEG G is a technique for the in-
direct examnation of vocal fold contact during vibration
t hrough neasurenents of electrical inpedence change( Fourcin,
1974). What ever details it represents, E GG certainly
reflects the vibratory cycle of the vocal folds wth fairly
high fidelity. Irregularaties of EEG G thus corresponds to
irregularities in the vibratory pattern of the vocal «cords
(Haji, Horiguchi, Baer and Gould, 1986). Moreover, the EGG
does not interfere with phonation ( Fourcin, 1981, Kelnman

1981, Pederson, 1971).

Sone of the other observations reported about E GG
are: -

(i) According to Dejonckere and Lebacq (1985), " E GG
reflects the glottal conditions nore during the closed phase,
as against P.GG which reflects nore about the openphase of
the glottal cycle. As mjority of |aryngeal pathol ogies
mani fests abnormalities nore during the closed phase,. E GG
has been considered as a better technique for the studying
vocal fold novenent in disphonics.

(i1) The presence or absence of glottal vibrations can be
readily determ ned using E.G G technique.

(i) Dej onckere and Lebacq (1985) have suggested that,
"The fundanental period of the glottal vibrations is easily
determ ned using E GG as the beginning of each cl osed phase
is marked by a sharp rise in graphic display of Lx wave

forne".
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Inverse filtering nmethod is an acoustic procedure in
which the inverse of the lip radiations and the vocal tract
spectral contributions are used to renove acoustic effects of

the supraglottal vocal tract leaving the glottal volune flow.
Reviewing the literature thus far, the EGG seens to
be the nost appropriate nmethod for studying the vibration of

vocal cords.

El ectrogl ot t ogr aphy

This techni que makes use of notion induced variations
in the electrical inpedence between the two el ectrodes placed
on the skin covering the thyroid [|am nae. A weak, high
frequency voltage signal of 0.5-10M& is applied to one
el ectrode, and the other electrode picks up the electrica
current passing through the |arynx. The transverse electri-
cal inpendence varies wth the opening and closing of the
glottis, and reflects in a variation of the electrical cur-

rent in phase with the vibratory phase of the vocal folds.

The technique was first devel oped by Fabre (1957). I m
provenments in the apparatus and applications of the technique
to clinicial investigations have been extensively perforned
by several investigators nostly in Europe (Fourcin &

Abberton, 1971 Fourcin, 1981).
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The detailed relationship between the inpedence curve of
the electroglottograns and the underlying physiology of the
vocal folds have been well docunented by several authors
(Glbert, Lecluse, Brocaer and Verschuve, 1975, Pederson

1977; Childres, Smth and Moore, 1984).

Moore and Thonpson (1975) reports that glottal wave forns
by normal phonation consists of;
(i)AIl the three phases of the vibratory cycle viz.,
openi ng phase, closing phase and cl osed phase.
(it) The nmotion of the two cords tend to be relatively

synchronous and equal in anplitude.

Fourcin (1981) nade sinultaneous recordings of EGG s and
airflow velocity curves for different nodes of phonation and
described the nethod to interpret the |aryngeal wave forns.
He also enphasised that the fundanental period of the voca
fold vibrations could be determned quite accurately using

E GG

In order to study glottal wave forms, various quotients
and indices have been used. These quotients and indices are
based on the neasurenment of duration of different phases of

vi bration cycles. They are:-
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(i) Open quotient (O Q

QQ = Duration of open phase

Duration of full phase

(i1) Speed Quotient (S. Q

S.Q = Duration of the opening phase

Duration of the closing phase.

S Qis also called as velocity quotient(V.Q.

(iii1) Speed Index ( S 1)

According to Hrano (1980), " Speed Index is an
anot her useful neasure of l|arynx wave form derived from speed

quoti ent .

Speed I ndex = Speed guotient-1

Speed quotient +1

The SI values may range from-1.00 to +1.00. It is an
relative ratio, where positive values indicate nore opening
time and the negative values indicate nore closing tine of
the vibratory cycle and zero indicates the equality of timng

( Hirano, 1981).
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Hirano (1981) summarised the advantages of SI over S Q
They are: -

(i) SI ranges from-1.00 to + 1.00, where as S Q ranges
over | arger val ues.

(ii) Wen tw wave forns have the same triangular shape
and one is reverse of the other ( with respect to tinme), the
S.1. takes equal absolute values with reverse signs. On the
other hand, the S Q takes two different val ues whose product
i's one.

(iii) S I. has a sinmpler relationship wth spectral
characterstics of the wave formthan S Q

(iv) One can visualise the wave forns from S| values nore

easily than S Q val ues.

(4) "S" Quotient or "S" ratio ( S.R

Dej onckere and Lebacq (1985) in an attenpt to qualify
the shape of the glottal wave form introduced the "S"

quotient or "S" ratio.

457

/h
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It is given by the forml a,

"S" ratio = area of the contact phase

area of the open phase.

Dej onckere and | ebacq (1985) have pointed out that
"S" quotient can be used as an indicator of the behavi our of

the vocal folds in different vocal pathol ogical conditions.

Sridhara (1986) studied Laryngeal wave forns in young
normal females and males using /a/, [i/ and /u/ vowels. He
reported the following values for different paraneters of

| aryngeal wave forns.

| . Qen Quoti ent

Mean val ues of O Q

/ al il [ ul
Mal es 0. 69 0.71 0.72
Femal es 0.74 0.72 0.71

2. Speed quoti ent

Mean val ues of S. 1.

[ al il [ ul
Mal es 1.98 1.74 1.79
Fenmal es 2.25 2.28 2.30
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3. Speed | ndex

Mal es

Femal es

4. "S" Ratio

Mal es

Fenal es

5. Jitter (J)

Mal es

Femal es

6. Shimer (9

Mal es

Fenal es

Mean val ues of S.|

/ al il [ ul
0. 378 0. 247 0. 266
0. 377 0.361 0. 362

Mean values of SR

/ al il [ ul
1.13 1.12 1.16
1.13 1.10 1. 09

Mean val ues of J.(in nsecs)

/ al il [ ul
0. 065 0.11 0. 067
0. 058 0. 03 0. 048

Mean values of S( in dB)

/ al il [ ul
0. 033 0. 066 0.15
0.7 0. 37 0. 44
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Sone of the investigators have suggested the applications
of EGG in clinical assesnment and treatnment of voca

di sorders.

Fourcin and Abberton(1972) reported that the |aryngea
wave forns in different |aryngeal pathologies such as voca
pol yps, vocal nodul es, unilateral vocal and paralysis varies
fromnormal |aryngeal forns. They al so observed that
| aryngeal wave forms in different |aryngeal pathol ogies need
not be necessarily be uniformly inpaired and that one part of

utterance may be normal with the others being disturbed.

Fourcin (1981) reports that normals and individuals wth

laryngitis can be differentiated using |aryngeal histograns

met hods.

Hanson et.al ., (1983) studies |aryngeal wave form patterns
in i ndi vi dual s having normal | arynges, with distinct
phonatary abnormalities |ike adductor spastic dysphonia,

par ki nsoni sm and Arseni c poi soni ng.

They reported that in individuals with spastic dysphoni a,
there was a relatively |onger closure period, resulting in
decreased open quotient. Mor eover they also reported |arger
S.Q values than normal indicating abnormally short closing
time. They attributed this finding to the increased tension

of the vocal cords then normal in spastic dysphonia.
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I n parkinsonism they reported |onger open phase then
normal s and inconplete glottal closure which may explain the
br eat hi ness. They also reported |arger values of jitter and

shi mmer in parkinsoni sm

Hanson et.al ., (1983) have al so observed simlar [|arger
values of shimrer and jitter in individuals who suffered from
acute arsenic poi soning. They also report very short or im

conpl ete periods of glottal opening in these individuals.

They further state that, " dottographic techniques
appear to offer sone insight into nore subtle vibratory and
tension abnormalities that are associated wth pathal ogica
phonation in otherw se normal appearing larynx. For exanple,
gl ottography in our experience, relatively docunents the
presence of inconplete vocal cord closure. In sone cases,
this may be visible |laryngoscopically, but often is not
detected w thout the analysis of ultra high speed filns.
Simlarly valuable diagnostic information, such as indica-
tions of abnormally increased vocal folds tension or cycle to
cycles variability in the vibration of vocal cords, may be

identified and neasured from | aryngeal wave formns.

According to Dejonckere and Lebacq (1985) abnornal

E.GG findings can be considered in five differrent ways: -

(i) Pitch characteristics ( too high or |ow
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(i) Vibration irregularities ( jitter and shi mer)
denonstrated by Fo histograms ( Kitzing, 1979; Fourci n,

1981) .

(iii) Special features of signal in the case  of

dypl ophoni cs ( Dejonckere and Lebacq, 1983).

(iv) Qualitative description of the nodified wave forns

(Wechsl er, 1977; Fourcin, 1981), and

(v) Spectral analysis of the wave fornms. ( Kelman, 1981).

In an attenpt to quantify the shape of E GG  signal
Dej onckere and | ebacq (1985) studied 25 normal fenmales and 25
females with vocal nodul es. They measured the val ues of "S"
quotient for [a/ vowels phonated at 70 dB SPL. They con-
cluded that "S" quotient provides information conbining the
relative surface and duration of vocal fold contact during
the one vibrating cycle. They reported the mean "S" quotient
of 0.66 for normal females and 0.4 for fermales with vocal
nodul es. They attributed this reduction in the value of "S"

qgquotient as an etiological factor for vocal nodul es

Childers et.al., (1984) reported unusual change in the
rising slope of the laryngeal wave fornms in individuals wth
vocal nodul es on extensive |aryngeal cancer. They observed

doubl e periodicty of l|laryngeal wave forns in a patient with
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uni | ateral paralysis of vocal cords. However, they report
that the EGG wave forns of certain individuals with voca
cord paral ysis appear normal and |aryngeal wave forns of some

normal s appear abnormal .

According to Fourcin (1981), " for vigorous breathy
voi ce, the contact phase of |aryngeal wave form is distin-
guished by the presence of small, well defined, ©positive
cl osure peak. In the case of creaky voice the |aryngeal wave
forms typically show pairs of vocal fold contact- seperation
sequence in which a snall peak precedes a larger peak, both
occuring with considerable tenporal irregularities. The
smal l er peak has a relatively slower onset than the |arger
peak and the wdth of the larger peak indicates a very |ong

cl osure duration".

Jitter and Shi mmer: -

Variations in fundanmental frequency and anplitude of
successive glottal <cycles are referred to as " Jitter and

shimer" respectively ( Hei berger and Horii, 1982).

Several investigators have reported the presence of snal
variations in fundanental frequency and /or anplitude of
glottal vibrations in normal voice ( Horii, 1979, 1982, 1985;
Hollien et.al., 1977; Sridhara, 1986).
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Presence of excessive jitter and / or shinmrer is as-
sociated with abnormal voice quality and which is often iden-
tified as hoarse or harsh voice( Koike, 1969; M chel and
Wendahl , 1971; Iwata, 1972; Deal and Emanuel, 1978; Haji
et.al., 1986).

Jitter values of 0.3 nmsec(4.9% for severely hoarse voice
and 0. 06nsec(1.14% for noderately hoarse voice was reported

by Mbore and Thonpson(1965).

According to Sonesson (1967), patients wth |aryngeal
hem paral ysis, show a | arge anount of shimrer val ues but nor-

mal jitter val ues.

Kitajima and Goul d(1976) reported that Shinmer val ues vary

from0.08 to 3.23 dB in subjects with vocal polyps.

Deal and Emanuel (1978) suggested that, the <cycle to
cycle variations in anplitude may provide a better index of
percei ved roughness of voice than cycle to cycle variations

I n period.

Zem 1in(1981) reported jitter values for a group of

subjects wth nultiplesclerosis to vary from 0.2 to

0. 9nsecs.
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According to Heiberger and Horii(1982), " the workdone by
Li berman and his col | eques (Liberman, 1961, 1963; Li berman and
M chel, 1962; Smth and Liberman, 1969) probably represents
the pioneering studies of |aryngeal pathalogy detections by

the analysis of jitter and shi mrer val ues".

Kane and Wl |l en(1985) reported a very high positive cor-
relation between jitter and shimer values and rating of
roughness in ten children with vocal nodul es. They reported
jitter values in children to vary from 0.0023 to 0.0472 nsecs

and shi mer values from 0.0151 to 0.0911 dB

Till early 1980's mpjority of the studies on jitter and
shimrer were done through the analysis of voice signal
Recently, Haji et.al.,( 1986) suggested that EEG G can be
considered as a nost suitably technique than voice signa
nmet hods for perturbation analysis, as EGG wave forns are
| ess conplex than voice signal and is wunaffected by the

acoustic resonance of the vocal tract.
Chandr ashekar (1987) studied |aryngeal wave form paraneters

in 17 mal e disphonics and 17 fermale disphonics in the age

ranges of 15 to 50 years and concluded that :-
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(i) WMle disphonics as a group and also in different sub-
groups( vocal nodules, vocal fold paralysis, glottal chink
functional high pitch voice) differed fromnormals on dif-

ferent parameters of E GG

(ii) Femal e di sphonics as a group and also in different sub-
groups( vocal nodules, vocal cord paralysis, glottal chink
functional hoarse voice) differed fromnormals on different
paraneters of E GG

(iii) Males and fenmales with the sanme pathal ogical condi-
tions did not show significant difference on the sane
paraneters of E GG For exanple, males wth vocal cord
paral ysis showed significant difference fromnormals in terns
of OQ, J, and S values only. Were as, fenmales with voca
fold paralysis showed significant difference fromnormals in

terms of SQ, S. I, and J values only.

Thus fromthis review of literature it can be stated that
the EGG seens to be the nost appropriate nethod of study-
ing the vibrations of vocal cords during phonation. Furt her
nore evidence is present regarding the usefulness of E GG
in diagnosis and in follow up of therapy of various voice

di sorders.

However, many dysphonic characteristics also occur between
vowels and during consonant- vowel-consonant transitions.
Hence studying these characteristics will also be wuseful in

the diagnosis and treatnent of voice disorders.
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One such nethod is Long Term Average Spectrum which gives

us the source spectrum

LONG TERM AVERAGE SPECTRUM ( LTAS)

There are a nunber of methods by which speech can be
anal ysed spectrally. One such analysis procedure takes a
time average of the sound-pressure level per cycle accross
frequency. This nmeasurement is comonly referred to as the
Long Term Average Spectrum of speech (LTAS) ( Formby and
Monsen, 1982)

The measur enent of the longterm average speech spectrum
is made by passing the speech energy through a series of con-
tigenous band pass filters and interpreting the energy at the
output of each filter. These average values are then plotted
to arrive at the visual representation, a snoothed plot by
the envel ope of the power spectrum of the speech sanple

( Fornmby and Monsen, 1982).

LTAS has been wused for studies of the human voice
sour ce. The speech signal represents the product of the
sound source and the vocal tract transfer functions. The vo-
cal tract transfer function differs for different sound
segnents, but in the averaging process, the short termvaria-
tions due to phonetic structure will be averaged out and the
resulting spectrum can be used to obtain information on the

sound source(Lof qvi st and Mander son, 1987).
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If the analysis is restricted to voice sounds, the sound
source is the vibrating glottis. The analysis can be nade of
readings of a standard text in order to further mnimse
vari ations due to phonetic structures ( Lofqgvist and

Mander son, 1987).

The earliest neasurenents of Long Term Average Spectruns
was reported by Bell tel ephone |aboratories about 60 years
ago( Crandall and Mackenzie, 1922). Ever since then, speech
spectra have been obtained by different investigators for

di fferent purposes.

The earliest investigators were interested in the spectra
of continous speech from comuni cation engineering point of

view( Dunn and Farnsworth, 1939; Dunn and White, 1940).

Recently LTAS has been obtained to study the disorders
of speech production( Frokjaer- Jensen and Prytz, 1976;
Vendl er et.al., 1980; Winberg et.al.,-1980; Hammerberg et.
al., 1984.; Hartman and von cranon, 1984; Dej onckere, 1986).

Acoustic voice sanpling has practical advantages in
clinical applications as it is non-invasive, does not require
cl ose co-operation fromthe patient, and can be nade off-line
from tape recordings. Such applications include the screan-
ing of large populations for early detection of voice pathal -
ogy and, in particular, the followp of the effects of voice

t herapy( Lof gqvist and Manderson, 1987).
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Al though the study of Ilong term average spectra is
potentially wuseful in the clinics, their possibilities and
[imtations are yet to be fully wunderstood in relation to
other acoustic neasures of voice functions( Lofqgvist and

Mander son, 1987).

The speech power is greatest between 100 to 600 Hz, where
the energy of the fundanental frequency of the voice and the
first formant overl aps. It drops off wth increasing
frequency above about 600 Hz such that at 10,000 Hz, the
level is approximately 50 dB bel ow the peak |evels neasured

at lower frequencies( Denes and Pinson, 1963).

In normal voices, the anplitude of source spectrum par-
tially decreases with 12dB/octave approximately, provi ded,
t hat the vocal fol ds can close the rima glottidis

efficiently( Frietzell, Hallen, and Sundberg, 1974).

The spectra for group speech are generally conparable
both with in and across |anguages (Fant, 1973). However the
general shape of the spetra can be altered dependi ng upon the

experinmental variables used in given studies.

Anong the nost salient variables are age(N envoeller

et.al., 1974), sex of the talker( Benson and Hirsh, 1953;
Nienoller et.al., 1974), the analysis band w dths( Stevens
et.al., 1947, Frokj aer- Jensen and Prytz, 1976) and voca

effort (Brandt et.al., 1969).
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Byrne(1977) studied the spectral differences between nal es
and femal es speech sanples. According to him the main dif-
ference is that the region of 0.1 KHz and 0.125KHz. Were as
female level is nuch | owner, although it could ot be
nmeasured preciesely in this study. This is explicable by the
fact that this frequency region corresponds to the fun-

danental frequency of male voices.

Long Term Average Spectra neasured for individual talkers
are highly dependent upon the personal characteristics of
tal ker such as vocal effort, pitch, tinbre, articulation and

speech of ultrances(Tarnoczy, 1956).

D fferent I nvestigators have enpl oyed di fferent

nmet hodol ogi es for obtaining |ong-term average spectrum

Wei nberg et.al., (1980) obtained Long Term Average
Spectra using an FFT conputing spectrum analyzer. The
analyser was set in cunulative node for 64 frames with a
frequency range of 0 to 10,000 Hz and a tinme w ndow of 40 ns.
The quantized speech signal was weighted by a hanning

function, Fourier transforned, and stored for cummul ati on of

64 franes. Each franme represented FFT results for a 40-ns
speech segnent. An anplitude spectrumw th A-weighting was
plotted at the end of cunmmulation. Thus, the anplitude

spectrum represented an average long tinme spectrum derived
from a total of 64 "sections" nmade from an oral reading by

each subj ect.
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Kitzing(1986) obtained long tinme averrage spectograns
by neans of a B& signal analyzer 2033, anal ysi ng 400
frequency lines in the choosen range,using |inear average
over 128 triggered spectra by flat weightings. The anal ysi s
werre acconplished in two series wth different base band
frequency ranges, viz. 0-5 KHz and 0-2 KHz, respectively. In
order to avoid noise from consonant articulation, unvoiced
parts of the signal were elimlated by a gate, controlled

either by EGG signal or by a |low pass filter devise.

Hanmer berg et. al ., (1986) fed recorded speech materia
of 40 seconds duration through 51 band pass filters, each 250
Hz w de. The pre-enphasized Ilevel of each channel was
averaged by a conputer and was plotted on a frequency-
intensity diagram Al'l  voicel ess speech sounds wer e
automatically elimnated as only segnments above a certain
anplitude threshold 1in the Ilow frequency regi on wer e
considered as voiced. This was done in order to elimnate
the influence of voiceless fricatives on the higher frequency

part of LTAS registration.

Wendl er et.al., (1986) anal ysed the type recordi ngs of
on goi ng speech by neans of a real tine analyser, using 25
1/3 octave filters in the area of 63 Hz to 12.5 KHz in
conmbination. Wth an averager NIA 512, one analysis was

carried out with the unmani pul ated continous signal, another
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with the voice |less consonants elimnated. As there were no
significant differences with regard to these two variants,
they generally based all further explanations on the data

fromthe continous signals.

Lof gvi st and Manderson (1987) digitalized the speech
signal at a rate of 20 Hz and analyzed in franes of 12 ns
duration using FFT analysis. Pauses Voicel ess segnents were

excluded from the analysis.

Several different neasurenents have been may by dif-
ferent investigators on long term spectrum although, there
are no generally agreed upon principles for naking these

nmeasur enents. (Lof qvi st and Mander son, 1987).

Frokj aer-Jensen and Prtytz(1976) wused the ratio of
energy below and above 1 KHz and naned it as par anet er.
According to them since the anplitude above 1000 Hz is nonal -
ized relative the anplitude bel ow 1000Hz, i s i ndependent of

t he m crophone distance, anplitude |evel, etc.

Hammarberg et.al.,(1984) neasured the Ilevel of t he
fundanental, the peak anplitude in frequency band 400-600 Hz,
the spectral level at 1.5 and 5 KHz, respetively, and the
peak anplitude in the frequency band 5-10 KHz. They t hen
used the difference between the peak level in the 400-600 Hz

and other levels as a nmeasure of spectra tilt.
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Nat araj a(1986) studied three spectral paraneters in the
voi ce of dysphonics, they are:-
(1) The ratio of intensities between 0-1 KHz and above 1-5
KHz and nanmed AA
(2) Ratio of intensities of harnonics and noise in 2-3 KHz
and nanmed it as AC
(3) Frequency of first formant (AD) which is defined as the

frequency with maximum intensity in the range of 300-1000 Hz.

Kitzing(1986) discusses several different measures that
correlate with perceptual judgenents of sonarity and strain.
The study indicates that

(i) The ratio of energy bel ow and above 1000Hz.

(i1) The spectral slope in the first formant region

(iii) The ratio between the level of the fundanental and
the spectral level in the region of the first formant as use-

ful neasures.

Lof qvist and Manderson(1987) nade two neasurenents on
the calculated long term spectrum they are:-

(1) The ratio of energy between 0-1 KHz to |-5 KHz.

According to them"™ This ratio provides a neasure of the
overall tilt of the sound spectrum A high value of this
ratio indicates that the fundanental and the |ower harnonics
dom nates the spectrumwhich thus falls off rapidly. A | ow
value of this ratio shows, on the other hand, that the sound

spectrum has a | ower spectal tilt.
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(2) Measurenent of the energy between 5-8 KHz.

A high level of energy at these frequencies can be as-
soci ated with noise conponents of the source in a hypofun-
cional voice(Yanagi hara, 1967).

Hartman and Cranon(1984) studies the anobunt of spectra

energy inlto 5 KHz range and above 5 KHz.

Since the aimof the analysis is to study the voice
source, it is nost reasonable to restrict the analysis to
voi ced portions of the speech signal. In order to find out
the affects of inclusion of invoiced sounds in the speech
sanpl e, Lofqvist and Manderson(1987) found that the inclusion
of voiceless segnents nostly affects the spectal |evel above
5KHz for normal voices. However Wendler et.al.,(11986) found
significant difference between the spectras of unmani pul ated
speech signal and the speech equal signal voiced sounds

el i m nat ed.

The amount of speech that can be analysed is npbst often
restricted by the nenory limtations of the available com
puter or spectrum anal yser. In order to assess the effects
of varying analysis time, readings of a standard text were
analysed in successively smaller and snmaller portions by
Lof qvi st and Manderson(1987).The original analysis tinme was

12 nsecs

2.29



They found that "...there is wvirtually no effect of
hal fing the analysis tine. However when the tine is reduced
to 1/3, 1/4 or 1/5 of the original analysis, variations occur
bet ween the measurements. These neasurenents are nost |ikely
due to differences in the segnmental structure between the
anal ysed parts. O her sources of variations are onsets and
offsets of wvoicing segnents, as well as stress and pitch

patterns.

An interesting question about the LTAS anal ysis concerns
t he resol ution of t he measur enment . Lof qvi st and
Mander son(1987) addressed this question by analysing record-
ings of the sanme voice recorded twice on the same day. They
found that in all cases, there is a clear difference between
the two recordings. They further added that when the voice
has been in constant use during the day, the source spectrum

has a | ower spectral tilt.

Another interesting aspect of LTAS is the amunt of
speech signal that is to be analyzed to get a stabilized
pattern. Li et.al., (1969) suggests that after 30 seconds of
conti nous speech, the effect of individual speech sounds on
the LTAS will not change significantly regardl ess of how nuch

nore speech is anal yzed.

Inspite of these variations and the nethodol ogy yet to
settle, several attenpts have been nade to use LTAS for the

di agnosi s of voice disorders.
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Rashm (1985) has nmade an attenpt to study the ratio of
intensities below and above 1 KHz, in the spectra of
vowel /i/. She has concluded that: -

(i) The energy level above 1KHz is less than the energy
| evel bel owl KHz.

(it) The alpha paranmeter shows no significant dif-
ference till the age of 9 years in both males and femnal es.
The fermale group in the age range 9 to 14 and the nmale group
age ranging from9 to 15 years had shown sone changes, and

(iii) No significant difference between nmal es and fenal es
has been found. The age group above 9years at age showed a
change in the voice quality both in the case of nales and
femal es as reflected by the changes in ratio. The nean val ue

ranged from 0.78 to 0.92.

Gopal (1986) reports of no significant difference between
mal es and ferales upto the age of 55 years. A significant
di fference was observed between males and fenmales in the age
range of 56 to 65 years group i.e., rmales showing a higher
score (0.73) than fenmales (0.70). The val ue has ranged from
0.71 to 0.76 in the age range 16 to 55 years both in the case
of males and fenales. Simlar to the results of Rashm's
(1985) study, the average intensity above | KHz has been |ess
t han bel ow 1 KHz.
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Wendl er, Doherty and Hollien(1980) nmet wi th encouraing
results when they used long term speech spectra to objec-
tively differentiate between four classes of voices according
to auditive judgenents(normal, mld, noderate or severe
degree) of hoarseness. In addition, they attenpted to dif-
ferentiated between certain degrees of roughness and breathi-
ness as well as to carry out differential diagnosis based on

acoustic analysis

Hart man and Cranon(1984) studied the anobunt of spectra
energy in the 1 to 5 KHz range and above 5 KHz in two sub-
groups of patients. The first subgroup showed a voice
quality conmpound of breathiness and tense, which gradually
normalized in the followup period. The other subgroup
initially exhibited a normal or lax, breathy voice, which sub
sequently became nore tense. They found that the variations
of spectral energy and the duration of aspiration preceding
voice onset indicates signs of tense and breathy voice
producti on. Thus they concluded that this measur e is

sufficient to differentiate these two subgroups.

Dej onckere(1986) investigated the differences in |ong-
ti me-average spectra between the voices of 30 carriers of
vocal nodul es before treatnment and 30 normal subjects of the

sane sex and age. All subjects read a standardized french
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text of about 45 seconds. The text was phonetically selected
in order to avoide any fricative consonants with articulatory
turbul ence, and to assune a continous |aryngeal vibrations.
Conputerised analysis of the spectra (0 to 10,000 KHz)
reveal ed that the voices of nodules carriers have |ess acous-
tic energy in the field of fundanental speaking frequency and

nore acoustic energy in the band of 6 to 10 KHz than normal s.

Nat ar aj a(1986) found the follow ng results.

(i) The males and fenmal es of the dysphonic group show no
significant difference in terns of AA ratio. The mal es and
females of the normal groups also showed no significant
difference. A statistically significant difference was found
bet ween the dysphonic and the normal groups. The dysphonic
groups showed | ower AA values than the normal groups i.e.,
t he dyshonics had higher intensities in the frequencies above
1 KHz than nornmals.

(ii) The AC ratio values shown by the nales and fenales
of the dysphonic groups was found to be not significant. The
normal s al so showed simlar results. However, a significant
di fference between the males of the two groups was found.

(iii) The first formant frequency of the males and
females whin the dysphonic group showed a significant
difference. This was simlar to the results seen with in the
nor mal groups. The dysphonic group and the normal groups of
males and females did not differ fromeach other from both

mal es and fenmal es.
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Thus he concluded that of all the three parameters, only
AA paraneter significantly differentiated normal and dys-

phonics in both genders.

Fritzell, Hallen and Sundberg(1974) studied the pre-
operative and post-operative long term average spectra of one
case( left recurrent nerve palsy) who underwent teflon injec-
tion procedure. The pre-operative LTAS exhi bited one single
peak which was found in the frequency region covered by the
fundanmental. After the treatnment, the fundanmental increased
by about 6 dB on the average, the partials underlying the I
formant by 20 dB and the partials underlying the 1|1l formant
by 15 dB.

Thus this review of literature indicates that LTAS and
E.GG are potential neasures for diagnosis and follow up of

treatment of various voice disorders.
However there are very few studies of LTAS and EGG in
dysphonics particularly in our country. Thus an attenpt is

made here to study the EGG and LTAS in both normals and

dysphoni cs of both genders.
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MET HODOL OGY

The present study enployed the technique of EGG and LTAS
to study the vibratory patterns of the vocal cords and the

source spectrumrespectively in dysphonic subjects.

The aim of the study was to investigate EGG and LTAS
paraneters in normals and dysphonics, and possibilities of
using these parameters to differentiate dysphonics from

nor mal s.

Subj ects -

The individuals who reported with conplaints of voice
problem to AIISH were exam ned by qualified speech
pat hol ogi sts, audiologist and ENT specialists and who were
di agnosi sed as having voice problens were considered as the

subjects for the present study(experinental group).

Table-1 highlights the details of the subjects in terns

of age, sex, nunber and different pathological conditions.



TABLE | : Di stribution of experinmental group.

Pat hol ogy Mal es Femal es
condi tion Age Nunber Age Nurber
Range of subjects Range of subjects
1. Unilateral 28-29 2 * *
RLN Pal sy
2. Vocal Polyp 30-34 3 26- 28 2
3. Laryngitis 24-31 2 23-31 2
4. dottic 19- 35 3 20 1
chi nk
5. Vocal nodul e, * * 19- 35 3
Table- 1l gives the details regarding the control group.

The subjects of this group had no different speech, hearing
or ENT problem They had no conplaint regarding their

speech, hearing or voice.

Case histories from subjects of both the groups were ob-

tained and then other evaluations/neasurenents were carried

out .

Table 11: Age Range & No. of subjects of control group.
GROUP Age Range No. of subjects
Normal val es 20- 354 10

Nor mal Femal es 20- 33 10
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The Experinental setup for EGG -

The followi ng instruments were used for the study:-

(i) Electroglottograph (kay elemetrics corporation)

(ii) Hgh resolution signal analyser (HRSA) B&K type
2033

The instruments were arranged as shown in the diagram I

D agram1

The signal fromthe |aryngograph was fed to the HRSA to
obtain the display of the glottal wave fornms which were used

to nmeasure different paraneters of glottal wave forns.

The HRSA displays the glottal wave signals in ternms of
time (in msec) on X- axis and anplitude (in nmv) of the signa
on X-axis. The tinme at any given point can be neasured by

novi ng the cursor horizontally.
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Al instrunents were calibrated prior to the experinent
and then periodically as per the instructions given in the

mannual of these foresaid instrunents.

Addi ti onal care was taken to avoid 50 Hz humin the in-

strunments by using proper grounding.

Procedure
The subjects were seated confortably infront of the
i nstrunents. The el ectrodes of the Laryngograph were placed
on the thyroid alae. The position of the electrodes were ad-
justed to obtain clear laryngeal wave forns on the HRSA
screen. The subjects were instructed to phonate vowel /a/ as

| ong as possible at confortable pitch and | oudness.

Once stable laryngeal wave forns were observed on the
HRSA screen, five successive cycles of each of glottal wave
formwere selected for further analysis. Each cycle was ana-
lysed at different points (as shown in diagramll) to obtain

the duration of different phases of vocal fold vibrations.

After measuring the durations between different points
on each cycle of glottograns, the following different
paraneters of the laryngeal wave fornms were cal cul ated as

foll ows: -
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successive glottal waves.
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Where Al, A2, A3, A4 & A5 represent the anplitudes of

the five consecutive |aryngeal cycles.

Thus,
(a) Qpen Quoti ent,
(b) Speed Quoti ent,
(c) Speed I ndex,
(d) Jitter, &

(e) Shi nmer
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Values were obtained for vowel /a/, for each subject.
Thus, for all dysphonic subjects, all the five paraneters of

EGG were neasured for vowel /al.

Experimental setup for LTAS neasurenent -

For the purpose of nmeasuring the spectral paraneters
nanely the al pha-ratio, energy above 1 KHz, energy below 1
KHz, energy in the frequency band 5-8, and the frequency of
t he highest peak, it was decided to use the " Kannada voi ced
passage” which is being routinely used at the Departnent of
Speech Science, ALL IND A INSTITUTE OF SPEECH AND HEARI NG

Mysore for speech and voice anal ysis.

The " Kannada voi ced passage" contained only two frica-
tive sounds. Thus care was taken to avoid them during
spectral analysis by choosing only those parts of the speech

sanple which did not contain these fricatives.

The speech sanples were recorded using the type recorder
of the spectrograph (voice identification Inc). The tape
speed was 7 1/2" per second. A directional microphone was
kept at a distance of approximately 6-8" fromthe subject's

mout h.



Each subject was instructed to read the passage at a
confortable pitch and | oudness. The WJ neter of the
spectrograph (voice identification Inc) was further adjusted
to see that the speech levels were reasonably steady and were

at a suitable level to ensure good recordings.

These tape recordings were then fed to an conputer
(WPRONV PC\ XT) through an A to D converter ( voice and

speech system ) devel oped by Anant ha padmanabha.

The arrangenent of instrunments were as illustrated in
diagraml1l.
AJD
C ' L3
: q' Conrverton omputer Frint ow

. ‘ Dieg-ram- [§ 8

Thus " Kannada voi ced passage" of duration 10 seconds
contain any fricative sounds was submtted to spectra

anal ysi s.



For carrying out spectral analysis the programre "LTAS"
wi th autocorrel ati on was used. Thi s programe was devel oped

by voice and speech system Bangal ore.

The spectral analysis were carried out for the frequency
range 0-8 KHz with a resolution of 10 and bl ock duration of

20.

The spectral analysis data thus obtained contained the

follow ng:- (sanple enclosed in appendi x-1).

(1) A graphical display of the spectral pattern in
the frequency range of 0-8 KHz,

(ii) A data of the energies of all the different
poi nts which were anal ysed by the conputer,

(iii) Al pha ratio,

(iv) Energy above 1 KHz (1 KHz- 8KHz)

(v) Energy below 1 KHz ( 0-1 KHz).

Further information regarding the energy concentration
in the frequency band 5-8 KHz was obtained through the
conput er progranme by summ ng up the energies of all the dif-
ferent points in that frequency band and dividing it by the

nunber of all the points in that frequency band.

3.8



Thus the following paraneters were studied fromthe
| ong-term average spectra of each individual.

(i) Al pha rati o,

(ii) Energy above 1 KHz,

(iii) Energy below 1 KHz,

(iv) Energy in the frequency band 5-8 KHz, &

(v) The frequency of the highest peak

These data were then subjected to appropriate statisti-
cal analysis to find out if we can differentiate normals and

dysphoni cs through LTAS and EGG par aneters.

AR KKK AA KK KA KKK
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RESULTS AND DI SCUSSI ONS

The purpose of the study was to find out the paraneters
of Long-term average spectrum and El ectrogl ottography which
can differentiate between normal and abnornmal voice. Furt her
an attenpt 1is nade here to find out the difference between
different types of voice disorders and normal voices(both

sexes) on these paraneters.

Therefore to neet the purpose of the present study, the
foll ow ng paraneters were consi dered.
i

Long term average spectrum paraneters: -

(1) Al pha-rati o,

(2) Energy in the frequency band 5-8 KHz,
(3) Energy above 1 KHz,

(4) Energy below 1 KHz, &

(5) Frequency of the first formant.

El ectrogl ot t ography paraneters -

(1) Open Quotient (OQ,
(2) Speed Quotient (SQ,

(3) Speed Index (SI),
(4) Jitter (J), &
(5) Shi nmer.



10 mal e dysphonics and 8 female dysphonics wth various
types of voice disorders were studied. A mat ched group of
10 males and 10 females were also studied to conpare the LTAS
paraneters. The norns given by Sridhara (1986) were used to

conpare the EGG paraneters.

The results of these different paraneters have been

di scussed, after analysing them wusing appropriate non

parametric statistical tests.

LTAS Paraneter :-

Al pha Ratio :-

Table 11l reads the mean and S D of Al pha ratio as shown

i n various groups.

Table 111 :-
G oup Mean Standard deviation Range
Normal 0.764 5.319 0.692 - 0.866
Mal es
Nor mal 0.869 4.22 0.808 - 0.938
femal es
Dysphoni ¢ 0. 820 7. 267 0.706 - 0.952
mal es
Dysphoni ¢ 0. 789 0. 126 0.63 - 0.982
femal es

The conparison between normal nmales and normal females
on this paraneter reveals that they are significantly dif-

ferent (T=8) at 0.05 |evel.



The inspection of the scores also reveals that the nean
al pha-ratio for normal females is greater than that for nor-
mal  mal es. Further the normal nmales shows a greater

variability than nornmal fenal es.

Rashm (1985) found no sex difference for this paraneter
till the age of 9 years. However, after 9 years of age, the
normal males and normal femal es al pha values differed in her

study which she attributed to change in quality of voice.

However, Gopal (1986) and Nataraja (1986) found no dif-
ference between normal nmales and normal females on this
par anet er . Gopal (1986) found no significant difference be-
tween normal males and normal fermales wupto the age of 5
years. Nataraja (1986) also reports of simlar finding for

the age range 16-45 years.

The conparison of normal males and dysphonic males on
this paraneter show that they are not significantly different

(T=27) at 0.05 |evel.

The inspection of the scores however show that dysphonic
mal e group has a slightly higher alpha-ratio when conpared to
normal nale group. Moreover, the variability of alpha-ratio

is greater in dysphonic males than in normal mal es.

4.3



However, Nataraja(1986) found a significant difference
bet ween normal males and dysphonic nmales wi th dysphonic nal es

tending to exhibit |ower than normal nmales.

Fr okj aer-Jensen & Prytz(1976) found this paraneter to be

useful in differentiating vocal cord paralysis from nornmals.

A conparison of alpha-ratio of normal fermales and dys-
phonic females also reveals that they are not significantly
different (T= 54.5) at 0.05 |Ievel. However, dysphonic
females exhibits a slightly |ower alpha-ratio than nornal
females and is found to be in the vicinity of alpha-ratio of

normal mal es.

This finding is in agreenent wth that of Nataraja
(1986) who also found no significant difference between nor-

mal fermal e and dysphonic fenal es.

A further conparison of alpha-ratio of dysphonic fenale
and dysphonic male groups shows that they are not sig-
nificantly different (T=46). This is in agreement with the

findings of Nataraja(1986).

Dej onckere (1986) found a significant difference between
normal females and dysphonic fenales (vocal nodules) wth
dysphonic females exhibiting higher energy concentration

above 1 KHz.
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Table 1V gives the alpha-ratio values (nean, S D and
range) of different types of voice disorders of both the

Sexes.

Table IV : Al pha-ratio in different voice disorders

Type Mean 5.0, Range
RLN M 0.77 0. 07 0.73 - 0.82
Pal sy
(uni) F * * *
Vocal M 0.79 0. 07 0.71 - 0.84
Pol yp

F 0. 80 0. 10 0.73 - 0.83
Laryn- M 0. 85 7.78 0.84 - 0.85

gites

F 0. 86 0.18 0.73 - 0.98
Narrow M 0. 86 0.09 0.77 - 0.95
glottic
chi nk F 0.63 * *
Vocal M * * *
Nodul es

F

An inspection of table iv reveals the follow ng: -

(1) Dysphonic males wth Laryngitis or narrow glottic
chink show a greater nean al pha-ratio than normal nmale, and
they are simlar to that of normal femnales.

(2) Dysphonic males with unilateral RLN palsy or vocal
pol yp exhibit al pha-ratio which are simlar to that of nornal
mal es.

(3) Dysphonic females with narrow glottic chink or vocal

nodul es show a | ower al pha-ratio than normal fenales.

45



(4) Dysphonic females with vocal polyp or laryngitis
al so show slightly |lower alpha-ratio than normal fenales, but
they are higher than those of dysphonic females with narrow

glottic chink or vocal nodul es.

Il Energy above 1 KHz

Table V illustrates the Mean, S. D, & Range of "energy
above 1 KHz" in different groups.(in dB)

G oup Mean S. D Range
NV 88.93 9.40 77.84-102. 26
NF 100. 81 7.27 91.78-112. 44
DM 97.08 9.11 80. 45-112. 89
DF 91. 88 18. 42 74.05-129. 94

Conmparison of normal males and normal fenmales on this
parameter reveals that they are significantly different
(T=20) at 0.05 level in normal female exhibits a higher nean
energy above | KHz than normal nales. This is reflected in
al pha-ratio also i.e., normal fenmales exhibited significantly

hi gher al pha-ratio than nornmal mal es.

The factors responsible for such difference are not

known. Only further studies will be able to answer this.

4.6



The conparison of normal males with dysphonic nmales on

this paraneter reveals that they don't differ significantly

(T=25) at

when nor nmal

0.05 Ilevel, simlar findings were also observed

females were conpared wth normal dysphonic

females on this paranmetric (T-59). However dysphonic fenale

exhibited greater variability on this paraneter than any

ot her groups.

However ,

confronting results are reported by

Nat ar aj a( 1986) Dej onckere(1986) who f ound significantly

hi gher | evel

t han nor nmal s.

s of energy above 1 KHz in case of dysphonics

Table VI: Energy above 1 KHz in various voice
di sorders
Type Mean S. D Range
RLN M 96. 03 9.00 94.18- 97. 87
Pal sy F * * *
Vocal M 90. 20 9.34 8.5-99.07
Pal sy F 91.54 10. 38 84. 20- 99. 88
Laryngitis M 99. 56 1.05 98. 83-100. 32
F 107. 08 32. 36 84.22-129. 94
MGC M 10. 3 12.31 89.22-112. 89
F 74.05 * *
Vocal M * * *
Nodul es F 87.91 14. 06 74.57-102. 59




Exami nation of Table IV reveals the follow ng: -

(1) Dysphonic males with RLN palsy (unilateral) or vocal
polyp or laryngitis or narrow glottic chink exhibit greater
energy above 1 KHz than normal males but |less than of nornal
femal es. However dysphonic nales group with narrow glottic
chink exhibits less than normal fenale value. However, these
di fferences could not be significantly established because of

smal | size of groups.

(2) Dysphonic fenales with vocal polyp or narrow glottic
chink exhibits |less energy above 1 KHz than normal fenale.
Dysphonic fermale wth Jlaryngitis however exhibit greater

above 1 KHz than nornmal female.

Energy below 1 KHz

The results of the paraneter "energy below 1 KHz in

various groups are shown in Table VII.

Table VI

G oup Mean S. D Range
NM 116. 21 4.73 110.2-123.91
NF 116. 44 4.18 109. 15-122.55
DM 117. 37 5.02 112.15-129. 83
DF 116. 1687 7.34 108. 46-132. 25

4.8



Normal male group and norrmal female group did not differ
significantly (T=47) on this paraneter. Dysphonic nal es
group and dysphonic female group also did not differ sig-
nificantly (T=50) on this paraneter. This finding is also
observed when dysphonic femal e group and dysphonic mal e group
is conpared with normal female group (T=50) and nornmal nmale
group (T-44) respectively. Thus all the groups exhibited
simlar energy below 1 KHz. This finding is in agreenent
with that of Nataraja(1986) who found that hi gher energy con-

centration below 1 KHz in case of normals.

A further conparison between "energy below 1 KHz" and
"energy above 1 KHz" reveals that all groups exhibit higher
energy concentration below 1 KHz than above 1 KHz. This is
in agreement wth that of Nataraja' (1986) findings. Thi s
finding is obvious since fundanental frequency and first for-
mant frequency are below 1 KHz and they have hi gher energy

concentrati ons.

The results of the paranmeter "energy below 1 KHz" in

different types of dysphonics is given in table VIII.

| nspection of the table VIII reveals the follow ng:-

(1) Except for dysphonic males and dysphonic fenales

wi th vocal polyp or narrow glottal chink, all other subgroups

exhibit greater energy below 1 KHz than nornals.



(2) Only dysphonic males with RLN pal sy and dysphonic

females with laryngitis exhibit greater wvariability than

nor mal s.
(3) Al other subgroups show variability 1less than
nor mal s.
Table VII1: Energy below 1 KHz in different groups
TYPE Mean S D Range
RLN M 124. 36 7.56 119.04 - 129.73
Pal sy F = * * *
Vocal M 114. 48 2.68 112.15 - 117.41
Pol yp F 114.16 1.94 112.78 - 115.58
Laryn- M 117.50 2. 30 115.87 - 119.12
gitis F 115.44 - 132.25
Nar r ow M 115. 49 2.83 112.27 - 117.41
glottic
chi nk F108. 46 - -
Vocal M- - -
nadul es E_114.98 4 58 —_— 109_78_ -_118_45

IV. Energy in the frequency band 5-8 KHz

| nspection of table IX reveals that nornmal males do not
differs significantly from normal fenmales (T=66) on this
paraneter at 0.05 level. That is there is no significant sex

difference with respect to this paraneter.

4.10



Table 1 X :Energy in 5-8 KHz in groups

G oup Mean S. D Range

Y 87.28 15. 15 71.66 - 126.75
NF 82.51 17. 87 66.17 - 123.82
DM 116. 08 17. 87 83.28 - 129.26
DF 102. 41 17. 88 86.3 - 128.18

Also, there is no significant difference (T=46) between

dysphoni c fenmal es group and dysphonic mal e group.

However, dysphonic male group and normal male group
(T-87) and also dysphonic fermale group and normal fenale
group (T=69) differed significantly wth respect to this
par anet er . Dysphonic female and male groups showed sig-
nificantly higher energy concentration in 58 KHz frequency
band than nornmal fenmale and nmal e groups respectively. Thi s
result is in accordance to Yanagi hara (1967) who states that
a higher level of energy at these frequencies is associated

wi th noi se conponents of the source in a hypo-functiona

Voi ce.

Table X highlights the findings of different subgroups

on this paraneter.

The fol | owi ng observations are nade based on the findings

on table X

4.11
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(1) Dysphonic nmales wth any type of voice disorders
studi ed show greater concentration of energy in the
frequency band 5-8 KHz than nornmal s.

(2) Dysphonic fenales with any of the subtypes show

greater energy in this frequency band than normal fenales.

Table X:5-8 KHz energy in different voice disorders.

sub-groups Mean S.D. Range

RLN Pal sy M 124.40 7.56 119.04 - 129.73

(uni) F * * *

Vocal Polyp M 118.27 4,52 115.24 - 120. 27
F 120. 34 8. 56 112.38 - 129. 46

Laryngitis M 120. 48 7.10 113.79 - 125.87
F 126.12 9.8 121.62 - 134. 86

Nar r ow M 130. 64 10. 43 115.67 - 125.42

glottic F 140.60 * * *

chi nk

Vocal M * * * *

nodul es F 132.64 9. 40 120.60 - 137.62

V. Frequency of the highest peak (FHP).

Exam nation of table X reveals that nornmal mal es and
normal females do not differ significantly on this paramneter
(T-25). However nornmal femal e exhibited hi gher frequency of
the frequency at highest peak than normal nale group. Thi s
finding is in agreement with Nataraja's (1986) and Kim

et.al., (1982).



Table XI FHP in different groups.

G oup Mean S. D Range
NM 340. 6 97. 14 250 - 500
NF 425. 2 89. 92 250 - 531
DM 394. 6 112. 41 250 - 563
DF 363. 38 38.72 219 - 469

No significant difference between normal male group and
dysphonic male group (T=36), and normal fenale group an dys-
phonic female group (T-56.5) were found in this study. Thi s
result is simlar to Nataraja's (1986) findings. However,
Yoon et.al.,(1984) found this paraneter to be significantly
different in a group of early carcinonma of the Ilarynx when

conpared to the nornmals.

A conparison of dysphonic fenmale group and dysphonic
mal e group on this paraneter reveals that they are not sig-
nificantly different. This result is in opposition to that

of Nataraja' s(1986) results.

The results of frequency at highest peak for various

voi ce disorders is given in table XlI.

4.13



Table XIl:FHP in different voice disoders

TYPE Mean S. D Range

RLN Pal sy M 469 132.94 375 - 563

F* * %

Vocal M  333.33 144. 34 250 - 500
Pol yp F 390.5 21.92 375 - 406
Laryn- M 391 66. 46 344 - 438
gitis. F  406.5 88. 39 344 - 469
Nar r ow M 408. 67 116. 22 313 - 538
glottic F 281 * * *
chi nk

Vocal (Y * * *
nodul es F 344 125 219 - 469

By examining table X1, the follow ng observations were

not ed.

(1) Dysphonic male group with unilateral RLN palsy or
narrow glottic chink exhibit higher frequency at highest peak

than nornmal nml e.

(2) Dysphonic male group with polyp or laryngitis exhibit

| ower frequency at first formant than normal nmale.

(3) Dysphonic female with any of the types of the disor-

ders studied in this study exhibit [lower frequency of the

(first formant) than normal female group.

4.14
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E.G G PARAMETERS: -

(1) Open Quotient:-

From table X II it can be observed that both dysphonic
mal e and dysphonic fenmale exhibit lesser OQ than normal nale

group and nornmal fenale group respectively.

Table X1l (QQin different groups).

G oup Mean S. D Range
NM . 69 0. 097 0.23
NF 0.74 0. 06 0.19
DM .54 .19 0.53
DF .53 .24 0. 82

A conparison of dysphonic nmale group OQ and normal nale
group OQ reveals that they are significantly different (T-5)
at 0.05 level. Dysphonic male exhibits significantly | ower
OQ than normal nal e group. A simlar statistically sig-
nificant different (T=0) is observed when normal fenmale OQ is
conpared with dysphonic female OQ Dysphonic female OQ is

found to be significantly |ower than normal fenale OQ
A further conparison of dysphonic male group and dys-

phonic female group on this paraneter reveals that they are

not significantly different (T-48.5) at 0.05 p.

4.15



These results are in agreenent wth Chandrashekar's
(1986) findings. This reduction of OQ values in both nales
and fermales dysphonic subjects indicates that the vocal
cords remain for |esser than normal duration in open phase(as
described by Dejonckere & Lebacq, 1985) of each vibratory

cycl e.

Table XIV illustrates the findings of OQ for different
types of voice disorders. An inspection of these findings
reveals the follow ng:-

(1) Dysphonic male group with RLN Palsy or vocal polyp
or laryngitis narrow glottic chink exhibits [ower OQ than NM

(2) Dysphonic female group with vocal polyp or laryn-
gitis or narrow glottic chink or vocal nodules also exhibit
| ower than nornmal female group.

(3) This reduction in OQ in dysphonic male OQ is al so
reported by Chandrashekar (1986), Childers et. al.,(1984),
Fourcin & Abberton ,(1972) & Kitzing & Lofqvist, (1979).

Table XIV ( OQ in different types of voice disorders).

G oup Mean S. D Range
RLN Pal sy M 0.45 0.28 0.25 - 0.653
(uni) F * * * *

Vocal Polyp M0.43 0.19 0.20 - 0.55
F 0.50 0.02 0.48 - 0.52

Laryngitis M0.52 0.18 0.39 - 0.64
F 0.53 0.03 0.51 - 0.521

Narrow glottic M 0. 709 0.01 0.689 - 0.73
Chink F 0.51 * * *

Vocal nodules M* * * *
F 0.48 0.09 0.39 - 0.56

4.16
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1. Speed Quotient: -

The conparison between normal mal e and dysphonic nale
groups on this paraneter reveals that they are significantly
different (T-10) at 0.05 |evel. Dysphonic fenmale group is
conpared with normal female (T-21). These results are in
agreemrent with the findings of Chandrashekar's (1987) who
reports that SQ failed to differentiate between normals and

dysphoni cs.

Tabl e XV. ( SQfor different gr oups) .

G oup Mean S. D Range*
NV 1.98 0.72 3.48
NF 2.25 0. 37 0. 89
DM 1.49 0.99 3.32
DF 2. 36 1.08 2. 86

* Range = Highest SSQ - Lowest S.Q of individuals.

However, when dysphonic fermale is conpared with dys-
phoni ¢ nal e, it is found that they are significantly dif-

ferent (T-22) from each other at 0.05 |evel.

Table XVI reveals the findings of various types of voice

di sorders on this paraneter.

An observation of these values yields the follow ng.
(1) Dysphonic male group with RLN palsy or laryngitis or
narrow glottic chink exhibit |low SQ than normal mal e groups.
(2) Dysphonic female group with vocal polyp or narrow
glottic chink or vocal nodules exhibit lower SQ than nornma

femal e group.

4.17



These results are in agreenent Chandrashekar's (1987)
who also found simlar results although wth significant.
This reduction in SQ possibly inplies that there is a reduc-

tion of duration of opening phase in these subjects.

(3) However, dysphonic male groups with vocal polyp and
dysphonic female group wth laryngitis exhibit greater SQ

t han nor nmal s.

Table XVI (SQ for different voice disorders).

TYPE Mean S. D Range

RLN Pal sy M 0.855 0.25 0.68 - 1.03

F* * %

Vocal polyp M2.49 1.33 1.49 - 4.00
F 2.40 1.97 1.01 - 3.79

Laryngitis M0.82 0.20 0.68 - 0.96
F 3.00 0.03 2.98 - 3.03

Nar r ow M 1.15 0. 66 0.70 - 1.90
glotticchinkF1.56**
Vocal nodules M * * *
F 2.17 1.17 0.83 - 3.00
I11. Speed Index.

A conparison of normal male group and dysphonic male
group on this paraneter reveals that they are significantly
different (T=4) at 0.05 |evel. Dysphonic male exhibited a

significantly |ower speed index values than nornmal males.
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However when nornmal fenmale group is conpared with dys-
phonic female group, they are found not significantly
different. A further conparison between dysphonic nal e group
and dysphonic female group, on this paraneter reveals that
they are significantly different. Dysphonic female group ex-

hibits significantly greater SI than dysphonic nale groups.

Table XVII (S values for different groups).

G oup Mean S. D Range*
NM 0. 38 0.34 0. 46

NF 0. 38 0. 07 0.50

DM 0.11 0.25 0.76

DF 0.34 0.25 0. 68
* Range - maximum SI - mninmum Sl (for groups)

Chandrashekar (1987) also reports of simlar results
only for dysphonic male group and normal nmale group
conpari son. When dysphonic fenale group were conpared wth
normal female group, he found them to be significantly

di fferent.

Table XVI1I highlights the findings of various types of
voi ce disorders on this paraneters.
On exam nation of table XVIII reveals the follow ng: -
(1) Dysphonic males (with any type of voice disorders)
exhibits lower SI than nornal nal es.
(2) Dysphonic fenmales with narrow glottic chink or [laryn

gitis exhibits larger SI than nornmal fenales.
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(3) The SI val ues of dysphonic females with vocal nodul es
or vocal polyp, however are lower than Sl values of

normal fenal es.

Table XVIIl (SI values for different tvpes of voice
di sorders).
TYPE Mean S.D. Range
RLN Pal sy M 0. 08 0.10 0.01 - 0.15
(uni) F * * *
Vocal polyp M 0. 36 0.2 0.20 - 0.6
F 0.29 0.41 0. 005- 0.58
Laryngitis M  -0.11 0.11 -0.02 - 0.19
F 0.50 0.01 0.49 - 0.19
Nar r ow M 0.19 0. 16 -0.08 - 0.31
glottic chink F 0.51 *o*
Vocal M * * *
nodul es F 0.35 0.22 -0.09 - 0.50
Jitter.

The conparison of normal male group and dysphonic male
group on this parameter shows that they are significantly
different(T=54) at 0.05 |evel. A simlar conparison wth
respect to females also yielded the sane results (T=36) at

0.05 | evel.

However, a conparison between dysphonic male group and

dysphonic female group on this paranmeter reveals that they

are not significantly different.

4. 20



Table XIX illustrates the jitter values for wvarious

gr oups.

Table XIX. (jitter values of various groups).

G oup Mean S. D Range*
NV 0. 065 0.04 0.16
NF 0. 058 0.04 0. 10
DM 0. 47 0.38 1.34
DF 0.38 0.23 0. 62

* Range - maximumJ - mnimumJ (for groups).

Dysphonic nmale group and dysphonic female group ex-
hibited greater jitter values than normal male group and nor-
mal female group respectively. These results are agreenent

wi t h Chandrashekar (1987), Sonesson (1967), Kitajim & Gould

(1976) .
According to Mchel and Wendahl, (1971), Iwata(1972),
Deal and Emanuel (1978), Koi ke(1969), presence of excessive

jitter gives an abnornmal voice quality which are often iden-

tified as hoarse or harsh voice.

Exam nation of table XX which gives the neans, S. D and
range of jitter in various pathologies that are studied yield
the follow ng :-

(1) Al dysphonic males and dysphonic females wth any
type of voice disorders that are studied exhibited greater
jitter values and also greater variability, a finding simlar

to Chandrashekar's (1987) study.
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(2) Geater jitter values are obtained by dysphonic
mal es and dysphonic females with narrow glottic chink than

ot her types of pathol ogies.

Table XX :-jitter values of different types of voice
di sorders.

TYPE Mean S. D Range

RLN Pal sy M 0.37 0.44 0.06 - 0.68
(uni) F * * *

Vocal polyp M 0. 40 0. 18 0.26 - 0.60

F 0.32 0.34 0.08 - 0.56

Laryngitis M 0. 30 0. 09 0.22 - 0.35

F 0.34 0. 37 0.08 - 0.60

Nar r ow M 0.72 0.61 0.20 - 1.40

glottic chink F 0.43 * *

Vocal nodules M* * *
F 0.02 0.14 0.06 - 0.31

V. Shi nmer.

Tabl e XXI sunmarizes the findings of all the groups

With respect to the paraneter "shimrer".
A conparison of normal male group with dysphonic mal e
group on this paraneter reveals themto be significantly dif-

ferent (T=54) at 0.05 level. Dysphonic nale group shows sig

nificantly greater shimer value when conpared with norma

mal es.
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A conpari son between normal fenmale and dysphonic fenale
on this parameter however reveals that they are not sig-
nificantly different. However, dysphonic female exhibits

greater shimer value than normal female.

Tabl e XXl :- Shimrer val ues of different groups.
G oup Mean S. D Range *
NM 0. 03 0.12 0. 40
NF 0.70 0. 82 2.80
DV 2.32 1.98 6. 25
DF 1.23 0.78 2.38

* Range = maxinum S - mnimum S (for groups).

A further conparison between dysphonic male and dys-
phonic fermale reveals that they are significantly different
(T=52) at 0.05 |evel. Dysphoni ¢ nal e exhibits greater shim

mer than dysphonic fenale.

Several investigators(Heiburg, & Horii, 1982; Zyski
et.al., 1984; Kitajima & Gould, 1976; Haji.et.al, 1986; Chan
drashekar, 1987) have reported greater shimrer val ues in dys-

phoni ¢ subj ects than nornals.

An inspection of table XXIl reveals the foll ow ng.

(1) Al dysphonic males group exhibit greater shinmmer
when conpared to normal nmale group wth dysphonic male
group. Narrow glottic chink exhibits the greatest shinmer

value of all types of dysphonic males.
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(2) Al types of dysphonic nmales exhibit greater
variability than normal male.

(3) Dysphonic fermale group wth any of the types of
vVoi ce di sorders exhi bi t gr eat shi nmer t han nor mal

femal e but | ess than dysphonic nal e.

Table XXI1:- Shinmrer values of different type of voice
di sorders.
TYPE Mean S. D Range
RLN Pal sy M 0.21 0.28 0 - 0.41
(uni) F * * *
Vocal polyp M 2.82 2.07 0.5 - 3.5
F 1.94 0.98 1.25-1.70
Laryngitis M 2. 07 1.51 1. 00-3. 13
F 1.67 0.05 1.63-1.70
Narrow glottic M 3.13 2.76 1. 00-6. 25
chi nk F * * *
Vocal nodules M * * *
F 0.99 0.37 0.36-1.25
Table XXII1:- Difference between different groups for LTAS

Par anet er s.

TYPE Alpha-ratio 5-8 KHz > 1 KHz <1 KH= FHP
(0.05p)Ho Ho(0.05p) Ho(0.05p) Ho(0.05p)

NM vs. NF R g R A A

(N (T=84) (T=060) (Tomg7 {v=20\5 0l {7=¢3) CT=26)

NM vs. DM A R A A A
(T=27) (T=87) (T=28) (T=44) (T=36)

NEF ws. DF A R A A A

(T=%54.5) (T=69) (T=59) (T=50) {(T=56)

DM vs. DF A A A A A

(T=46) (T=52) (T=53) (T=50}) (T=46)
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Tabl e XXIV:- Difference between different groups for
EGG par anet ers.

TYPE oQ SQ S| J S
NMvs. DM R A R R R
T val ues 5 10 4 54 54
NF vs. DF R A A R A
T val ues 0 21 16 36 \ 8
DMvs. DF A A A A A
T val ues 48.5 40 22 49.5 52

"R'" inplies that Ho is rejected i.e., null hypothesis is
rej ected.

"A" inplies that Ho is accepted i.e.,null hypothesis is
accept ed.

Thus it may be stated that the hypothesis,
1(a) stating that there is no signficant difference
bet ween nor nal mal es and femal es with respect to

alpha ratio is rejected.

1(b) stating that there is no significant difference
bet ween nor mal mal es and dysphoni c mal es IS

accept ed.

1(c) stating that there is no significant difference
bet ween nor mal femal es and dysphoni c femal es IS

accept ed.

1(d) stating that there is no significant difference
bet ween dysphoni c mal es and dysphoni c femal es S

accept ed.
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2(a) stating that there is no significant difference
bet ween nor nal mal es and nor nal f emal es wth

respect to "5-8 KHz" is accepted.

2(b) stating that there is no significant difference
bet ween nor mal mal es and dysphoni c mal es with

respect to "5-8 KHz" is rejected.

2(c) stating that there is no significant difference
bet ween nor mal femal es and dysphoni c femal es W th

respect to "5-8 KHz" is rejected.

2(d) stating that there is no significant difference
bet ween dysphoni c mal es and dysphoni c femal es

with respect to "5-8 KHz" is accepted.

3(a) stating that there is no significant difference
bet ween nor nal mal es and nor nal f emal es wi th

respect to" energy > 1 KHz" is rejected.

3(b) stating that there is no significant difference
bet ween nor mal mal es and dysphoni c mal es wi th

respect to " energy > 1 KHz" is accepted.

3(c) stating that there is no significant difference

bet ween nor mal femal es and dysphoni c femal es wi th

respect to "energy > 1 KHz" is accepted.
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3(d) stating that there is no significant difference
bet ween dysphoni c mal es and dysphoni c femal es

with respect to "energy > 1 KHz " is accepted.

4(a) stating that there is no significant difference
bet ween nor nal mal es and nor nal f enal es wi th

respect to " energy < 1 KHz " is accepted.

4(b) stating that there is no significant difference
bet ween nor mal mal es and dyshoni c mal es is

accept ed.

4(c) stating that there is no significant difference
bet ween nor mal femal es and dysphoni c femal es with

respect to "energy < 1 KHz " is accepted.

4(d) stating that there is no significant difference
bet ween dysphoni c femal es and dysphoni c mal es

with respect to "energy < 1 KHz" is accepted.

5(a) stating that there is no significant difference
bet ween nor mal mal es and nor nal f emal es w th

respect to "FHP'" is accepted.

5(b) Stating that there is no significant difference

bet ween nor mal mal es and dysphoni c mal es with

respect to "FHP" is accepted.
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5(c) stating that there is no significant difference
bet ween nor mal femal es and dysphoni c femal es with

respect to "FHP" is accepted.

5(d) stating that there is no significant difference
bet ween dysphoni c femal es and dysphoni c mal es

with respect to "FHP" is accepted.

6(a) stating that there is no significant difference
bet ween nor mal mal es and dysphoni c mal es Wi th

respect to "OQ' is rejected.

6(b) stating that there is no significant difference
bet ween nor mal femal es with respect to ee) i's

rej ected.

6(c) stating that there is no significant difference
bet ween dysphoni c mal es and dysphoni c femal es

with respect to "OQ' is accepted.

7(a) stating that there is no significant difference
bet ween nor nal and dysphoni c mal es wth respect

to "SQ is accepted.

7(b) stating that there is no significant difference

bet ween nor mal and dysphoni c femal es with respect

to "SQ is accepted.
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7(c) stating that

bet ween dysphoni c

with respect to "SQ is accepted.

8(a) stating
bet ween nor nal and

to"SlI" is rejected.

8(b) stating
bet ween nor mal and

to "SI" is accepted.

8(c) stating
bet ween dysphoni ¢

to "SI" is accepted.

9(a) stating
bet ween nor nal and

to "J" is rejected.

9(b) stating
bet ween nor nal and

to "J" is rejected.

9(c) stating
bet ween dysphoni ¢

to "J" is accepted.

mal es

t hat

dysphoni c

that there is

dysphoni c

t hat

mal es

mal es

4.

t hat

dysphoni ¢

that there is

dysphoni c

that there is

29

there is

there is

there is

there is no significant difference

dysphoni c femal es

no significant difference

mal es W th respect

no significant difference

femal es W th respect

no significant difference

femal es W th r espect

no significant difference

mal es W th respect

no significant difference

femal es W th respect

no significant difference

femal es W th r espect



10(a) stating that there is no significant difference
bet ween nor mal and dysphoni c mal es with respect

to "S" is rejected.

10(b) stating that there is no significant difference
bet ween nor mal and dysphoni c femal es W th respect

to"S" is accepted.

10(c) stating that there is no significant difference
bet ween dysphoni c mal es and femal es Wi th respect

to "S" is accepted.
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SUMMARY AND CONCLUSI ONS

As majority of phonatory dysfunctions are associated
W th abnormal vibrations of the vocal cords, analysis of the
vi bration of vocal cords in terns of different paraneters
constitute an inportant aspect to be considered in the diag-
nosis and differential diagnosis of voice disorders (Hanson

et.al., 1983).

Further nore many dysphonic characteristics also occur
between vowels and during ¢ v ¢ transitions, (Fritzell
1986). Thus spectral analysis of dysphonic voice also yields

consi derable information regarding their |aryngeal system

The present study was undertaken to find out t he
paraneters of LTAS & EGG which can differentiate normals from

dysphoni cs.

Five paraneters of LTAS and five paraneters of EGG were
studied, in 10 dysphonic nmales and 8 dysphonic fenales. They
are: -

LTAS paraneters

(1) Alpha ratio,

(2) 58 KHz,

(3) energy above 1 KHz,

(4) energy below 1 KHz, &

(5) frequency of the highest peak (FHP).



EGG Paraneters.
(1) Open Quotient (OQ),
(2) Speed Quotient (SQ,
(3) Speed Index (SI),
(4) jitter &
(5) Shi mrer.

A control group of 10 normal males, 10 normal fenales
were studied with respect to LTAS paraneters. The EGG norns
given by Sridharan (1986) were wused to conpare dysphonic

groups.

The statistical analysis using Mannn Wiitney 'U test

and W1 coxon paired test revealed the followng results.

(i) Dysphonic male as a group differed from normal nmale

with respect to the follow ng paraneter

(a) energy in the frequency band 5-8 KHz,

(b) Open Quotient,
(c) Speed | ndex,
(d) Jitter &

(e) Shi nmer.
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(ii) Dysphonic fermale as a group differed from norma
female with respect to:-

(a) Energy in the frequency band 5-8 KHz,

(b) Open Quoti ent,
(c) Jitter.

(iii1) Dysphonic female did not differ from dysphonic nmale

in any of the ten paraneters studied.

(iv) Dysphoni c males differed from normals on nore

paraneters than dysphonic femnale.

(v) Electroglottograph could differentiate normals and

dysphonics on nore paraneters than the long term average

spect rum

AR RR R R KKK R KR A k
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