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I NTRODUCTI ON

Since tinme imenorial. man has shown interest in
exploring nature and understandi ng several natural process.
Gowh of science in this <century has accelerated such
endeavours. Progress in technology has been i mensely
hel pful in wunderstanding many natural process i nhuman
anatony and physi ol ogy, as well as diagnosis and treatnent

of many disorders.

A major consideration of research workers in speech
science and speech |anguage pathol ogy has been to attenpt to
describe and explain the manner in which humn speech
system operates. 'Systemi is wused here to refer to the
interacting the interdependent conponents of a functiona
unit that s only partially accessi bl e to di rect
observation (Attanasia, 1987). Speech, a notor act consists
of conpl ex bal l'istic novenent s. Unli ke many not or
activities, speech requires a conplex blend of actions in
synchrony to produce even the sinplex response (Kelso,
Tuller and Harris, 1983). Sensory motor integration is a

necessary condition for normal speech production.

The production of voice is a conplex process. It
depends on the synchrony between the respiratory, the
phonatory, the resonatory and the articulatory system which

inturn requires precise control by the <central nervous



system Horano (1981) states that "during speech and
singing, the higher order centers including the speech
centers in the cerebral cortex control voice production and
all the activities of the central nervous systemis finally
reflected in nuscular activity of the voice organs". Because
of the interdependence of the respiratory phonat ory,

articulatory and the resonatory system during the process of

voi ce production disturbance in any one of the system nay
lead to deviant or abnormal voice quality. Hence voice plays
a mgjor role in speech and hence in conmunicati on.

There are various nmeans of analysing voice, devel oped
by different workers, to note the factors which are
responsi ble for <creating an inpression of a particular
‘voice' (Hirano, 1981; Natraja, 1972; Rashm , 1988; Anitha,
1994) .

The psychoacoustic eval uation of voice is done based
on pitch, loudness and quality of voice sanple. Due to its
subjectivity the perceptual judgenment of voice has been
considered less worthy than the objective neasurenents.
There are other objective nethods I|ike electronyography,
stroboscopy, ultrasound glottography, wultra high speed
phot ogr aphy, phot o electric gl ot t ogr aphy,
el ectrogl ott ography, aerodynam c measur enent s, acoustic

anal ysis, etc.



Presently acoustic anal ysi s 'S gai ni ng nor e
i nportance. Hrano (1981) states that "This nay be one of
the nost attractive methods of assessing phonatory function
or |aryngeal pathology because its non-invasive and provides
objective and quantitative data. Acoustic analysis can be
done using nethods such as spectrography, peak analysis,

inverse filtering conputer based nethods and others.

As nmentioned earlier speech is a highly integrated
physi ol ogi cal notor act. For each speech sound there is a
separate neuronuscular configuration that involves as a
functional unit, all rnusculature of the speech organ. Any
di sturbances of this neuronuscul ar configuration as a result
of the weakness, paralysis or incoordination of the speech
nmuscul ature or as a result of lesions in the nerves

suppl ying the muscul ature, results in speech dysfunctions.

Cerebral palsy is such as condition where in notor
dysfunction secondary to OCNS damage before, during or
shortly after birth occurs (Boone, 1972). Cerebral palsied
children have sensory, notor, perceptual, behavioural and
enoti onal problens. Speech abnornmalities are often seen in

them as all t he subsyst ens of speech producti on:

respiration, phonation, resonation, articulation and prosody

are affected (Barnes, 1983).



Predictably, these changes in the subsystens of
speech production leads to change in t he acoustic
characteristic of speech. Therefore acoustic characteristics
of voice in cerebral palsied children are studied to note
their deviation from conparable nornmal children of sane age

gr oup.
Since these acoustic characteristics refl ects

the changes in the vocal system and its function, they
have been used to study the nature and function of the
speech nechanism  Although the physiologic and phonetic
interpretation of acoustic data are wuncertain, they are
useful in testing certain hypothesis about changes in
anatony, notor control and physiological functions. Thus in
the event of abnormal structural and functional changes,
there will be a corresponding change in the acoustic
characteristic of speech. Therefore an insight into the
varied characteristic of speech would in turn facilitate in
differentiating normal from abnormal. This well inturn |ead
to effective managenent. The respiratory abnormalities,
inability to extend the exhalation, abnormal vocal fold
vi brati on, abnor mal resonance, mal posi ti oni ng of
articulators may al | contribute to poor voi ce
characteristics in cerebral palsied children.

Sone of the above paraneters have been found to be

affected in cerebral palsied children (Duf f ey, 1954;



McDonal d and Chance, 1964; Pal ner, 1953; Rutherford, 1944;
Warnars, 1993) .

Not much information is available in Indian context
on these paraneters in cerebral palsy. So the present Study
ains at studying the changes in acoustic paranmeters in the

voi ce of cerebral palsied.

STATEMENT OF THE PROBLEM
The problemwas to know how the aerodynam c and

acoustic parameter changed in cerebral palsy.

The present study, therefore, ains at anal ysing somne

of the acoustic aspects of the voice of cerebral palsied.

Totally 57 subjects, both males and females, age
ranging from 3-10 years were considered for study. This
consist of 42 normal subject and 15 cerebral palsied
subject. Al normal subjects were normal in terns of speech,
| anguage and hearing and attending normal school. Cerebral
pal sied subjects consists of eight spastic quadriplegics,
five spastic diplegics and tw athetoid quadr apl egi cs

ranging from m | d-noderate in severity.

Three trials of maxi mum phonation duration of /[al,
/il and /u/ were recorded for all the subjects. Using the
data on vowel ©prolongation, the following were obtained

usi ng conputer anal ysis.



a. Maxi mum phonati on duration

b. Fundanental frequency

c. Speed of fluctuation in frequency in phonation
d. Extent of fluctuation in frequency in phonation
e. Speed of fluctuation in intensity in phonation
f. Extent of fluctuation in intensity in phonation
g. Intensity range in phonation

h. Frequency range in phonation

i. Risetinme in phonation

j. Fall tinme in phonation

Recording of three repetition of +three sentences
were made for all the subject. This was anal ysed for
1. Speaking fundanental frequency

2. Frequency and intensity range in speech.

Mai n hypot hesi s
There is no significant difference in the acoustic
paraneters between cerebral palsied subjects and nornal

subj ect s.
AUXI LLARY HYPOTHESES

1. There is no significant difference bet ween
cerebral palsied subjects and nornmal subjects and nornal

subj ects across different paraneters.



2. There is no significant difference between
spastic diplegic, at hetoi d quadri pl egi c and spastic
quadri pl egic when each of paraneters was conpared to normnal

subj ects of sanme age group.

3. There is no significant difference between three
types of cerebral palsied subjects: spastic di pl egi c,
athetoid quadriplegic and spastic quadriplegic in terns of
t hese paraneters.
a. Maxi num phonati on duration
b. Fundanental frequency in phonation
c. Fundanental frequency in speech
e. Speed of fluctuation in frequency in phonation
d. Extent of fluctuation in frequency in phonation
g. Speed of fluctuation in intensity in phonation
f. Extent of fluctuation in intensity in phonation
i. Frequency range in speech
j. Intensity range in phonation
Intensity range in speech
Frequency range in phonation
1. Risetinme in phonation

m Fall tinme in phonation
| MPLI CATI ONS OF THE STUDY

This study provides information regarding the changes

in maxi mum phonation duration, fundanmental frequency in



phonati on, speaking fundanental frequency, speed and extent
of fluctuation in frequency and intensity, frequency range
in phonation and speech, intensity range in phonation and
speech, rise tine and fall tinme of phonation in cerebra

pal si ed subjects.

This information will be helpful in

1. differential diagnosis of voice disorders and
chi | dhood neurogeni c devel opnental disorders.

2. estimating the inportance  of neur onuscul ar
control of voice production.

3. planning the managenent strategies of cerebra

pal si ed.



REVI EW OF LI TERATURE

Language is undoubtedly the nobst inportant factor
that differentiates human beings from other ani nal s.
Language constitutes both a set of synbols (codes) and set
of procedures (rules). These conbines to formwords, phrases
and sentences. Language is in itself a system of abstract
logic. It allows human beings to extend their rationa
ability. Indeed it has often been wvirtually equated wth

human bei ngs' abstract logical ability (Chonsky, 1966).

Al though there are various ways of using [|anguage,
the sending and receiving of spoken nessages are the nost
frequent and inportant ways of sharing the thoughts and
relations to each other. Speech may be viewed as the unique
nmet hods of communi cati on evol ved by human beings to suit the
uni queness of their mnd. By its great flexibility it
permts human beings to produce a variety of signals
commensurate with the richness of their inmaginations. Speech
may be defined as a formof oral comunication in which the
transformation of information takes place by neans of
acoustic energy. The speech wave forns are the result of
interaction of one or nore source wth the vocal tract

filter system (Fant, 1960).

Speech is produced w thout observable efforts by

human beings. The range of speech variation is inmmense and
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yet considered normal. Only a small part of information is
conveyed by speech. Less than one per cent of this is used
for linguistic purpose, as such the rest gives other kind of
informati on about the specific character of vocal tract of
t he speaker, which enables one to recognise the speaker's
voi ce, physical well-being and enotional state, attitude
towards the entire context in which the speech event occurs.
It can also carry other information about the speaker wth
reference to the conventions of social class, occupation

and style.

Speech is <considered as skilled, wi || ful and
el aborate novenents of nuscles wused for initiating voca
sounds, plus the nolding of these sounds into nmeaningful,
oral comuni cation. The production of speech is exercised by
the sinmultaneous, highly coordinated and specifically
differentiated functions of vari ous or gan syst ens,

respiration, phonation and articul ation.

Speech is a notor activity which is controlled by
the nervous system The nervous system conprises of centra
and peripheral divisions. The nost highly speci al i sed
system the central nervous system consists of nervous
tissue contained within the cranium and the spinal colum.
Three kinds of nerve fibre branch out from the centra

nervous system (CNS).
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1. The afferent fibre connecting the sense organs of

the body with CNS.

2. The efferent fibres connecting the CNS with the

striate nuscles of the body.

3. The fibres inter-connecting the central and the

aut onom c systens.

The fibres that branch out fromthe CNS conprise the
peri pheral system The central and the peripheral systens
together constitute the cerebro-spinal system The axones of
the individual nerve cells or neurones of the periphera
systemare the pathways for the transm ssion of the inpulses
to and fromthe CNS. A nerve trunk may be notor, sensory or
m xed, i.e. efferent, afferent or both. The three Kkinds of
nerve fibre carried by various trunks in the ONS play

different roles in the sensory-notor processes of speech

a. The afferent fibers nost inportant in speech are
those carried by eighth cranial nerve, the auditory nerve
t hrough the agency of which one hears others and oneself and

thus learns to perceive and produce speech.

b. Mtor fibres I nnervating t he nuscl es of
respiration, phonation and articulation are distributed

t hrough many cranial and spinal trunks.
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c. The fibres that inter-connect the autonomc
nervous systemw th the CNS thus providing for the inter-
play of enotional reactions in the tw systens (are also

carried by many cranial and spinal trunks).

d. The afferent nerves connect the OCNS to the
peri pheral sense organs of sight, hearing, taste, snell and
touch and also wwith the internal sense organs of pain,
pressure and novenent- These nerves bring to the ONS
i mpul ses that cause sensation, states of feeling and also
i mpul ses that serve nerely to condition the behaviour of the

CNS without directly colouring the fields of consciousness.

The efferent nerves connect the ONS wth t he
skel etal nuscles which includes the nmuscles of the abdonen,
di aphragm |arynx, pharynx, velum tongue, jaw and |ips.
These nerves carry not only the voluntary inpulse to those
muscl es, but also the inpulses fromthe centres of the OCNS
(over which one has little, if any, direct voluntary
control), eg. gagging and sneezing, and also the inpulses
fromCNS centres over which one has partial voluntary
control, eg. swallowing, crying, sleeping, smling and

br eat hi ng.

Several nerves play inportant roles in the process

of speech. O the twelve pairs of nerves that energe from
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the inportant in speech are the trigem nal nerve (5th),
facial nerve (7th), auditory nerve (8th), glosso-pharyngia
nerve (9th), wvagus nerve (10th), accessory nerve (1l1th)

and hypogl ossal nerve (12th).

Several pairs of nerve trunks emerge from the OCNS
t hrough special foramna in the neck portion of the colum.
Smal | branches fromthe first, second and third trunks carry
notor fibres to the pharynx, velumand the posterior root
of the tongue. Snmall branches from various cervical nerves
join with a larger branch fromeach fourth cervical trunks
to the diaphragm Various cervical trunks carry notor fibres

to the nmuscles enployed in forced inhalation.

Twel ve pairs of nerve trunks energe through foram na
in the costal vertebrae. These trunks carry notor fibres to

the muscles of inhalation and exhal ati on.

The autonom c nervous system as a whole, is nore
definitely a notor system than the CNS. The autonomc
nervous systemis primarily an agency for distributing notor
i mpul ses to the viscera. CNS has a highly developed system
of afferent nerves which check and guide the novenents of
the nmuscles. In order to nmake this control nore effective, a

hi ghly organi sed set of fibres has been devel oped connecting
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the afferent ani efferent nerves. This associative inter-
nuncial or inter-calary fibres make it possible to inter-

connect any afferent with any efferent neurone.

The fitres that directly connect the OCNS wth
nmuscl es tissue are called Lower Mdtor Neurons. Every inpul se

to the nuscles reaches via one of these Lower Mtor Neurons.

The cell body of the |ower notor neurons lies within
the CNS. The derdrites of this <cell synapses wth other
notor neurons that bring inpulses to it from various centres
of the CNS. Each of these centres nmay thus control a |ower
not or neuron by sending inpulses to it over the connecting
neurons. Al these connecting nmotor fibres are called Upper

Mot or Neur ons.

The various centres in the CNS do not have equally
ready access to and control the |lower notor neurons. Some
centres are nore directly in control of certain muscles than
others. Sone are able to exercise control only under certain
conditions, sone are of about equal authority on the
hierarcy of the CNS, sone are nmster centres, sone are

distinctly subordinate.

The centres of <control of the OCNS are |ocated
t hr oughout the system extending fromthe sacral division of

the spinal cord to the cerebrum but in general those having
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the greatest control are located higher in the CNS, i.e.
further fromthe sacrumand in the brain, closer to the
anterior pole. The lowest centres are those concerned wth
the sinple reflex; the highest, those of cerebrum are

concerned with the process of volition.

Sone of the centres inportant in speech are: (given
bel ow in the general order of the hegenony of the CNS).
1. The hypot hal anus and t hal anus
The basal ganglia
The cerebel | um

2
3
4. The medul | a obl angata
5. The reticular system
6

The cerebral cortex

1. The hypothalanmus are located in the centre for the

control of visceral organs involved in enotional reactions.

2. The thal anus: ©Many have attributed speech and | anguage as
the function of the dom nant thal anus. Coppa et al. (1979)
maintained that the left thalanus «contributed to t he
semantic level of the verbal behaviour which was initially

controlled by the margi nal areas of the |anguage.

gemann et al. (1971) proposed that the | eft
t hal anus was involved with attention mechanisns which were
inmportant to control storage and retrieval of both long term

and short term nenory.
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Qg emann (1976) also noted that | ef t t hal am ¢
mechani sns secured to be involved in the coordination of

notor and respiratory aspects of speech.

Penfield and Roberts (1959) suggested that the
t hal anus was a nmajor integrating centre between the fronta
and parietal cortical |anguage areas by means of projection
fibres. Thus fromthe reviewed data it seens that dom nant

t hal amus does participate in speech and | anguage functions.

Above the thalamus are the basal -ganglia, consisting
of the thalanus and the striate bodies. These are the
enotional centres that colour and sonetimes block speech
These ganglia or nuclei are located deep within the cerebrum

on either side of the mdline.

3. The cerebrum Cerebellumis a clearing house for al

i mpul ses sent to the striped nuscles of the body. Wthout
this centre, a given set of nuscles could engage in only one
activity at a time, because these acts require the
coordi nation of largely overlapping sets of nmuscles and in

some instances require opposing novenents.

This organ also maintains the body in a state of
bal ance with respect to the pull of gravity. For this the
cerebellum holds the striped mnuscles of +the body in a

constant state of stretch (nuscular tone). Wen the tonus is
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i ncreased by any nyopat hal ogi cal or neuropat hal ogi cal cause,
the condition is called 'spasticity' . Wen the tone is

decreased, pathalogically the condition is called flacidity.

The cerebellar function in notor control are thought

to be in:

1. The biasing of the nuscle spindles to ensure that
spindle formation of the appropriate nature is supplied to

the higher centres as a novenent is perforned.

2. The integration and interpretation of afferent

i nformati on.

3. To exercise a revisory control over the comand

i ssued by notor cortex.

Boyl s (1975) argued that damage to cerebel |l um | eads
to disturbance of entire acts or sequence of novenent or
there will be evidence of a breakdown in the tenpora
relationships of novenents. Thus cerebellum plays an
inportant role in the tenporal relationships of novenents.
Thus the cerebellumplays an inportant role in speech, a

finely coordinated notor act.

4. The medul | a obl angata: The bul bous portion of the spinal
cord extending in the craniumis nedulla oblangata. Various

centres are Jlocated here, anmong them the pneuno-taxic



-18-

centre, which controls the rate and depth of respiratory

novenents is also present and is inportant for speech.

5. The reticular formation: Al sensory input enter brain
proper via thalanmus. Parallel with the sensory nerves via
the thalamus is a series of reticulate structures through
which the incomng stinuli pass and in which they are sorted
out. Those inpulses that are neaningful to the individua
are relayed to the <cerebral <centres, in which they can
produce appropriate reaction. Those inpulses that are
rel atively meani ngl ess are shunted out of cerebral circuits.
In co-operation with the sensory areas of cerebrum the
reticular formation serves as an arousal nmechanismto alert
the individual to nmeaningful patterns of stinulation. The
process of attention and alarm are negotiated by the
cooperation between the reticular formation and the auditory

centre of the left cortex.

6. The cerebral cortex: The outer superficial grey matter of
the cerebral hem sphere is know as Cerebral Cortex. | t
contains about 14  billion cells and about 200 mllion
incomng and outgoing projection fibres (Kapper's et al
1960). the cortical <cells and their fibres constitute a
dense matter network that permts trenmendously conplicated

pattern of activity.
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In the outer grey surface of the cerebrum are

various centres used in control of speech:

a) At the occipital pole of each cerebral hem sphere

is the primary sensory area of vision.

b) On the upper edge of the tenporal |obe of each

hem sphere is the primary sensory area for hearing.

c) On the front border of each parallel |[|obe, just
on the edge of the fissure that separates it from the
frontal lobe is the sonesthetic area, the centre for feeling

pai n, pressure, touch, cold, heat and novenent.

d) On the posterior border of each frontal | obe,
just across the fissure formthe sonesthetic area is the
primary notor area for the <control of all the striped

nmuscl es of the body.

Expect for the hypothal anus and the visual, auditory and
the somesthetic areas of cerebral <cortec, each of the
centres is potentially the point of control from which any
given lower notor neuron serving the nusculture of the
speech organs nmay receive inpulses from many centres. It
cannot serve all sinmultaneously. During speech, the |ower
notor neurons are al nost conpletely responsive to inpulses

from the cerebral cortex. In the functioning of the
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cerebral control of the nuscles directly to the |lower notor
neurons concerned but also transmts inhibiting inpulses to

the other centres, thus restraining their activity.

The sensory centres involved in speech assist the
notor areas of the <cortex in the processes of notor
co-ordination to learn, guide and check the novenents of
speech organs. For this <certain connective pathways are

necessary between the sensory and the notor areas.

West and Ansberry (1968) quote: = | "normally the
areas of the cerebral cortex that are developed to perform
this function of association lie either in one hem sphere or
the other. These areas developed only on one side of the
cortex are the association areas. In a right handed person
associ ation area nost inportant in notor speech lies close
to and in front of the lower end of the primary notor area
and is called 'Brocas'area. Corpus callosum connects the
two hem sphere of the cerebrum Thus it is possible to
control the notor system fromcentres located only on one
side. The control exerted by these association centres 1is
by relaying selected inpulses fromthe sensory areas. The
association areas of the cortex are nore inhibiting then
executory in their nmotor effects; normally they never excite

a nuscle group without inhibiting its antagonistic group.
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They frequently delay the passage of an inpulse to
the nmotor outlets of the brain and this provides for the

el ement of timng the nost notor co-ordications required.

Speech is thus built up by condi ti oni ng the
association areas by inmpulses from the visual area, the
auditory area and the sonethetic area. For each speech
sound there is a separate neuro-nuscul ar configuration that
i nvolves as a functionally unit, all the muscul ature of
speech organ. The crucial event essential for +the voice
production is vibration of the vocal folds. It converts DC
airstream to AC air-stream converting aerodynam c energy to
acoustral energy. From this point of view, the pareneters
i nvolved in the process of phonation <can be divided into

three major groups:

1) The paranmeters which regulate the vibratory

pattern of vocal folds.

2) The parameters which specify the vi bratory

pattern of vocal folds.

3) The parameters which specify the nature of sound

gener at ed.

Hirano (1981) has further elaborated on this by
stating that "the parameters"which regulate the vibratory

patterns of the vocal folds can be divided into two groups:
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Physi ol ogi cal and Physical. The physiological factors are
succinately put, related to the activity of the respiratory,

phonatory and articul atory muscles.

The physical factors include the expiratory force,

the conditions of vocal folds and the state of vocal tract.

Expiratory force is the energy source of phonation
and the state of brancho-pul nonary system and the thoraxic
cage. The condition of vocal folds which are the vibrators
is described with respect to the position, shape , size,
elasticity and viscosity of the vocal folds. It i's
influenced by the laryngeal nuscles, conditions of voca
folds (pathological) and adjacent structures. The stat of
vocal tract, mthe channel between the glottis and the |ips,
affects the vibratory pattern of the vocal folds to a
certain extent and it is regulated chiefly by t he

articul atory nuscl es.

The vocal fold novenent is controlled by a subtle,
delicate interplay of various nuscles which work in pairs
and groups. The adduction vocal folds is brought about by
|ateral crico- arytenoid and arytenoid nuscles. Contraction
of arytenoid nuscles draw the mnuscul ar process posteriorly,
thus toaing out the vocal process. Wen just the latera

crico- arytenoid nuscles are contracted, the arytenoid
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cartilages are rotated so that the nuscular process are
pulled anteriorly and the vocal processes are toed inward to
produce the glottal configuration required for t he
production of a whisper. Si mul taneous contraction of
|ateral crico-arytenoid and arytenoid nuscles approxinate
the arytenoid cartel eges and the vocal folds os that their
nmedi al borders are parallels. The result of conbined action
of nmuscles is such that vocal folds are tightly approxi nmated
and if exhalation is initiated, the vocal folds will be set

into vibration to produce a |aryngeal tone.

An increases in tension and a conconmtant decrease
in mass of the vocal folds is primarily responsible for an
increase in pitch. This is br ought about by the
antagonistic action of <circo-thyroid and thyro-arytenoid
muscle with an assist from posterior crico-arytenoid

nuscl es.

Lowering of the pitch is brought about by the action
of thyro-arytenoid nuscle which draws the arytenoid and the
thyroid cartilage towards one another, to shorten and relax
the vocal liganment. Medial conpression at |low pitches is
probably facilitated by the lateral crico-arytenoid nuscles.
The accessory fibres carried by the vagus nerve supplies the
intrinsic muscles of larynx controlling the wvocal fold

vi brati on.
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Speech out put depends on the adequate functioning of
respiratory, phonat ory, resonatory and articul atory
mechani sm  Each of these sub-systens contributes equally to
the ultinmate speech output in ternms of adult standards. It
has been seen that young infants produce speech which are
quite unlike those of adult speech output. (Smth and
Mcl ean Muse 1986 ) in terns of tenporal patterning. Overal
resonance and spectral characteristics though they may seem
simlar perceptually ( Zlatin 1925, Stark et al 1976,
Oler, 1978, Buhr, 1980 ) This nmay be because of inmmature
sub-systemin terns of structure, function, neuro-nuscul ar
connections, etc. The respiratory phonatory, resonatory and

axticulatory systens contribute to speech out put.

Respiratory System

The primary function of the respiratory apparatus is
to ventillate the lungs for 02 -CO, exchange. This function,
however, has been nodified in humans to allow for ora
communi cation. The respiratory system starts at nose and
nmout h, proceeds down the pharynx, passes through the |arynx
down the trachea or wnd pipe and then enters into
i ncreasingly branched tubes (bronchi, bronchioles) until
the final nultitudinous sub divisions ending at t he
al veol ar sacs of the lungs. AS the lungs are nmade up of

elastic, non-nuscular tissue and adhere to the inside of
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chest wall through plural |inkage, they assune the shape of
the cavity that encloses them It is the nmuscular and
recoil forces of thorax that alter the shape of cavity ,
changing the air pressure within the <cavity which causes
air to reach in or out of the |ungs. The framework of
respiratory apparatus is the skeletal structure of the torso
whi ch includes the spinal colum, shoulder, griddle, ribcage
and pelvic griddle. Breathing is controlled by the action
of a group of nuscles. The inportant nuscles that contro
the inhalatory phase of respiration are diaphragm and
thoracic nuscle. During exhalation action of internal

oblique, external oblique, rectus abdomnis, transverse

abdom nal and transverse thoracic nuscles are involved.

A nunber of |ayered feedback nechanism nonitor
breathing in human beings to ensure that the respiratory

system net physiol ogi cal demands of nornmal and strenuous

activity. Mechani cal stretch receptors in lung tissue
monitor the degree of inflation of lungs and activate
control systemthat |limts the depth, i.e, nagnitude of

inspiration. Central and peripheral chenoreceptors nonitor
the level of dissolved C02 and 02 and PH of our blood and
CSF. These feedback nechanisns sustain the ventilatory
condition that are necessary to sustain life. These cheno-

receptive feedback nechanism acts rapidly to nmake snall
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changes in respiration. (Li eber man & Lierbman 1973)
Breathing is managed by a conplicated respiratory reflex
involving the two vagus nerves and two phrenic nerves from
the cervical section of the spinal cord-

Breathing for speech is essentially the same process
as breathing for life, consisting of two phases: inhalation
and exhal ation. Speech is produced by the displacenent of a
colum of air during exhalation. During speech inspiration
becones shorter than expiration. Air is taken into the
lungs and then held for a slow release to allow for an
extended period of speech while nmintaining a constant
subglottal pressure that range from about 8-10 cm of HO
(Bouhuys 1974), (Araper,Lade Foged & Wiitteridge 1960);

(Li eberman 1967), (Liebarman 1968).

This steady air pressure is maintained through out
the length of expiration. The Ilength of expiration and
depth of inspiration that proceeds an expiration are keyed
to the length of the unit of speech that they are going to

produce. (Liebrman & Lieberman (1973).
ResOnatory System

Resonance is the nodification of the vocal tone as
the airstream passes through the nasal and oropharynx and
nmout h. The nodification or anplification creates the

i ndi vidual characteristics of the voice. Resonators of
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human body are three tubes, the cavities of which contain
colum of air. These tubes are pharynx (nasopharynx,
| aryngo- pharynx), the nouth and the nose (a double tube).

Besi des these tubes there are larynx itself, the trachea and

the bronchi and also sinuses (frontal, maxillary, thynoid
and sphenoid sinuses). the nost significant of t hese
cavities are nmouth and pharynx. Their inportance lies in

their extreme adjustibility as to their own Ilength and
dianmeter and as to the dianmeter and Ilength, of -heir
orifices or openings.

Due to the shape of vocal tract above ( and bel ow),
the larynx, various harnonics are resonated to create a nuch
nore conplex sound. The majority of the resonance effect
appears in the ability to articulate. Nasal resonance acts
as a continuous and wuniversal nodifier to the voice.
(G eene 1980). The remarkabl e characteristics of human voca
resonator is that its shape can be altered by the novenents
of articulators. The speech sounds which are known as
vowel s, di phthongs, sem -vowels and nmasals are the result of
filtering the periodic wave produced at the glottis through
the vocal tract which varies its configuration and thereby
its resonant frequencies for each sound. The cavity
vari ations and resonance changes make t he sounds
di stinctive.

Articul atory system
Articulation refers to the ability to nodify or

valve the voice streaminto specific sounds that can be
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formed into words, sentences of a | anguage. According to
Power (1971) that "Articulation can be defined as the
production of speech sounds by the stopping or constructing
the vocalised or non-vocalised breath stream by novenents of

the lips, tongue, velumor pharynx".

Articul ation occurs by the novenent of structures
associated with oral cavity. By varying the size and shape
of the cavity different sounds are created. Tongue 1is the
nost inportant structure in articulation. It alters the
size and shape of the oral and pharyngeal cavities producing
nost consonants by novenents near to or against teeth, guns
and pal ate. Movenent of articulators are necessary both for

produci ng resonance characteristics of vocal tract.

Articulatory mnuscles are innervated by crani a
nerves i.e, trigemnal nerve (5th) i nnervating t he
buccinator and the tensor palatini and the facial nerve
innervates the remai ni ng nmuscul ature of face. The tongue is
i nnervated by hypo-gl ossal nerve (12th) while soft pal ate by
gl osso- pharyngeal and vagus nerve. So articulation is a
fine notor act that requires precise control and timng of

articul ators.

Phonatory System : -

Phonation is the sound production by the larynx. The

crucial event for voice production is the vibration of voca
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folds which is controlled by a subtle and delicate interplay
of various mnuscles. Efficient phonatory behaviour depends
on co-ordination between inspiratory and expiratory nuscles
which are then, nust be co-ordinated wth | ar yngeal

vel opharyngeal and articulatory nuscles valving activity.
The vocal product of this conpl ex co-ordi nation S

nonitored primarily by the auditory system

The nature of sound generated is <chiefly by the
vi bratory pattern of the vocal folds. It can be specified
both in acoustic ternms and in psychoacoustic terns. The
psycho-acoustic, paraneters are naturally dependent upon the
acoustic paraneters. The acoustic paraneters are fundanental
frequency, intensity, waveform acoustic spectrumand their
tinme related variations. The psychoacoustic paraneters are
pitch, |loudness, and quality of the voice and their tine

rel ated vari ati ons.

Anal ysis of such acoustic paraneters have been
considered to be useful in know ng about the devel opnenta
disorder and thus in the treatnent of devel opnent a

di sorders of speech.

In many inportant respects, the devel opnent of notor
control for speech is on instance of the nore genera

probl em of the devel opnent of skilled action. 1In defining
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this general problem of serially or der ed act s, t he
performance of which is nodified to achieve dimnishing
variability increased anticipation and inproved econony.
These attributes is seen highly appropriate to describe the

devel opnent of notor control for speech (Kent, 1980).

Over the past two or three decades considerable
research effort has been directed towards obtaining an
under standi ng of the organization and control of the process
by which children learn to produce speech. Such research has
invol ved observations of the aerodynamc and acoustic

characteristic of speech (Mwu, Zi merman and Smith, 1976).

Hirano (1981) has pointed out that the acoustic
anal ysis of voice signal may be one of the npbst attractive
met hods for assessing phonatory function or | aryngea
pat hol ogy because it is non-invasive and provides objective
and quantitative data. The technique of acoustic analysis
has promi sing future as a diagnostic tool in the managenent
of voice disorders. Many acoustic paraneters, derived by
various nmethods, have been reported to be useful in
differentiating between the pathological voice and the
normal voice. Hrano (1981) goes onto say that all the
previous reports are prelimnary reports and that further
extensive basic and clinical research is required in order

to obtain sonme algorithm for diagnostic purposes.



-31-

Further, a clinician will not really know who- to
expect wth a nedical diagnosis having a conplete physical
description of the laryngeal together with sone adjectives
i ke "hoarse" for "rough", until he actually sees the case
(M chael and Wendhal, 1971). On the other hand, if the
clinician receives report which i ncl ude neasur es of
frequency ranges, respiratory function, jetter, volune-
velocity of airflow during sustained phonation, etc., in the
formof a voice profile, the clinician can conpare these
values to the norns for each one of the paraneters and thus
have a relatively good idea as to how to proceed wth
t herapy even before seeing the patient. Moreover, periodic
measur enment of these paraneters during course of therapy nmay
well provide a wuseful index as to the success of the

treatnment.

Human neur onot or systeminvolves a conplex act. For
any notor act to take place a <co-ordination in terns of
muscl e strength, speed of novenent, apropriate range of
excursion, accuracy of novenent, notor steadiness and nuscle
tone is required. Damage that inpairs one or nore of these
neur onmuscul ar functions may af f ect not or producti on

(Netsell, 1984).

Speech is a highly integrated physiological notor
act and basically results by three not or processes;

exhal ation, phonation and articul ation.
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For exhal ation nuscles of thorax and abdonen are
responsi ble; for phonation, mnuscles of larynx; and for
articulation, nuscles of articulators like |Ilips, tongue,

cheek, jaw, pharynx and velum are responsi bl e.

For each, speech sound there is a separate neuro-
muscul ar configuration that involves as a functional unit,

all the nuscul ature of the speech organ.

Any di sturbance of this neuronuscular configuration
as a result of the weakness, paralysis or in co-ordination
of the speech nusculature or as a result of lesions in the
nerves supplying the nuscul ature, results in speech

dysfuncti ons.

The nost comon cause of the inpairnent of notor

speech in children is cerebral palsy.
Cerebral pal sy

Cerebral palsy is a conplex and rultidinensional
chil dhood disorder. It was first described nore elaborately
by Little in 1852. Phelps coined the termcerebral palsy in
1936. An individual wth <cerebral palsy is physically
di sabl ed, primarily because of faulty 1links between the

brain and parts of the body.

Bobat hs (1954) vi ewed cer ebral pal sy as a

sensorinotor di sorder which was not one condition, but a
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group of conditions occurring as a result of abnormal brain
devel opment or brain damage. Cruickshank and Raus (1955)
regarded cerebral palsy as one conponent of a broader brain
danage syndrone that conprised of neuronotor dysfunction,
psychol ogi cal dysfuncti on, convul si ons and behavi our

di sorders of organic origin.

Abbott (1956) defined cerebral palsy as a disorder
of neurological disability caused by a lesion in the notor
centres of the brain. This brain damage resulted not only in
a loss of functional mnuscular control but also in sensory
di sturbances. For Perlstein (1961) the term cerebral palsy
had no specific neaning it generally indicated sone injury
or danmage to a person's brain which resulted in a difficulty
in control of novenents. He defined cerebral palsy as a
condition characterised by paralysis, weakness or non-
coordi nation or other aberration of notor function due to

pat hol ogy in the notor control centres of the brain.

According to Westl ake (1961) cerebral palsy was not
a single type of neuronuscular disorder but a group of
di sturbances occurring as a result of involvenent of
cortical or subcortical motor control areas. Boone (1972)
defined cerebral palsy as a notor dysfunction secondary to
central nervous system damage to the organi sm before, during
or shortly after birth. To a physiotherapist, cerebral palsy
is a neuronuscular disability caused by non-progressive

lesions in the notor centres of the brain (Chainani, 1971).
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These definitions of cerebral palsy generally agree
with each other and share three common features. The cause
of the disorder is brain pathology; the brain damage
occurring early in life in young or yet to develop centra
nervous system the disorder is a conplex set of
synptomat ol ogy and not a single disability; and the ngjor

synptons are those of notor dysfunction.

In addition, definitions of cerebral palsy should
account for the extrene variability of the disorder in that
sone cerebral palsied individuals may present a very mld
single disability while many others may suffer from any
conbination of disabilities of physi cal and psycho-
behavi oural nature. The inpairnment may be detected only as a
mld loss of fine nmuscular control or as a severe nmulti
facet problem involving head and trunk ability, i nbs,
hearing vision and speech. This neurological disability can
affect the overall behaviour including both receptive and
expressive abilities (Berry and Eisenson, 1962). The
neuronuscul ar mani festations may be regarded as the nost
obvi ous synptom of cerebral palsy, but other synptons of
nment al retardation, abnor mal speech and | anguage
devel opment, disorders in sensory perception (auditory,
visual, etc.) and behavioural manifestations such as
distractibility, hyperactivity, etc. nmust also be taken into

account by a clinician (Berry and Eisenson, 1962; Boone,
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1972). Thus conplexities of the problem include all the
basi c and hi gher functi ons, nanel y, neur onmuscul ar,

psychol ogi cal , sensorinotor and behavioural abilities.

| nci dence of cerebral pal sy

Various studies have shown the incidence of cerebral
palsy to be 1-2 per 1000 of live birth anong all ages (Asher
and Schonell, 1950; Wbods, 1956; Cohen, 1957; Anderson,
1957; Perie et al., 1957) .

Regarding the incidence of different types of
cerebral palsy, various study agree wth each other and
concl ude that spastic cerebral palsy is the nost frequent
(70% followed by athetoid (109, ataxic (10% and trenor
(10% (Wods, 1956; Brandet, Wstgard and N el son, 1956-57,
Ander son, 1957; Hansen, 1960).

Classification of cerebral palsy

To classify various manifestations of cerebral palsy
into watertight categories is rather extrenely wunrealistic

since, mani festations share nore than one definite feature.

Based on the neuronuscul ar synptons of the disorder,
the nonenclature and «classification commttee of t he
American Acadeny of cerebral palsy (AACP) fornmulated the

followng classification. The classification I ncl udes
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physi cal characteristics topography, etiology as well as
suppl enental handicaps and funcational capacity of the
patients (Donhoff and Robenault, 1960).

A. Spasticity

B. Athetos is

1. Tension athetosis

2. Non-tension athetosis

3. Dystonea

4. Trenor

Rigidity

At axi a

Tr enor

At oni a

M xed

I & m m O O

Uncl assi fi ed

Ceneral ly based on nbst obvious type of neuro-
musucl ar disability, three mmjor categories are identified
(Berry and Ei senson, 1962).

1. Spasticity

2. Athetosis

3. Ataxia

The description of these types as presented here is
based on an appraisal of several works such as Cickmy

(1966), Berry and Eisenson (1962), Boone (1972), Pohl
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(1950), McDonal and Chance (1964) and many others. The
description concentrates on the |localization of brain

pat hol ogy, maj or notor and neuromnuscul ar synptons.

Spasticity

Spasticity results froma lesion in the pyramda
tract arising fromthe primary notor area in the fronta
| obe of cerebral cortex. The later research (Berry and
Ei senson, 1962) indicate that the pathology for this deficit
can occur at other sites as well, nanely, the extrapyram dal
region, the prenotor area, the striate bodies, basal nuclei,

m dbrai n and pons, on the extra pyramdal circuit.

In spasticity there is a release of the postural
stretch reflexes from central inhibition and exaggerated
nuscle tone due to increased excitation from other neura
areas and there is an interruption of nornmal phasic nuscle
responses. The alternative contraction and relaxation is
enphasi zed by the disturbed sequence of tensor and flexor
responses of nuscles. Wien a novenent is attenpted, the
resi stance to novenent by the antagonists which are normally
inhibited increases enornously and prolonged involuntary
nmuscul ar spasns are created. Normally the central governors
in the CNS select, tinme and grade contraction of nuscles and
in spasticity this ability is lost and therefore there is an
exaggerated responses to all stimuli (Magoun and Rhi nes,

1947) .
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Typically this syndr one S characteri sed by
exaggerated contractions of nuscles subjected to stretch
(stretch refl ex), clonic novenents constituting alternating
contractions and relaxations and increased resistance to
novenent. The nuscle tone nmay vary froma mld degree to an
extrene rigidity depending the exact site of lesion and the
extent of the involvenent of the extrapyramdal system
There is a loss of voluntary novenents along with a return
to a lower level of integration with primtive synergistic

patterns of novenent.

Bobath (1954) point out that basically all spastic
patients show some abnornmal postural patterns. For instance,
if they are in a supine position they show strong extensor
spasticity and if they lie in a prone position, a flexor
spasticity is seen. In a spastic, the normal patterns of
novenent are replaced by a mass reflex action of nuscles of

either flexor or extensor type.

The spasticity may be mld, noderate or severe. In a
typi cal picture of severe spasticity, the patient walks with

a dysrhythmc, jerky gait, the legs turned inward, the knees

adducted, the heel lifted fromthe ground, the arns flexed
against gravity and the wist and fingers flexed. 1In sone
mld cases the synptons may be limted to strabisnus,

drooling, hyperactivity and distractibility. 1In very mld
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cases the only diagnostic sign may be the 'extended
appearance of the fingers and rotation of the wists in

reachi ng for objects.

At het osi s

Here the site of lesion is extrapyramdal system
Sorme consider it to be the basal ganglia. The areas and
tracts covering the extrapyramdal system are, however,
still undeterm ned and controversi al (Berry and Eisenson,
1962; MDonald and Chance, 1964). Sone consider extra-
pyram dal systemto be consisting of the extrapyram dal zone
in the cerebral cortex, nuclei in the thalanus, mdbrain,
pons and the fiber tracts connecting these areas and to join
fibres with the pyramdal tracts medi at i ng vol untary
responses. Sone add even cerebellumto these. The studies
(Ford, 1952; Berry and Eisenson, 1962; Denhof f and
Robi nault, 1960) conclude that the site and degree of damage
to the extrapyram dal systemwould determne the specific

characteristics of the notor behaviour of the athetoid.

At het oi d show same abnornal postural patterns as
spastics. They have involuntary novenents which appear as a
series of twisting and withing novenments progressing from
proximal (in parts closest to mdline of body) to distal
(parts farther away fromm dline). They alternate abrupt and

m sdirected novenents with the rigid postures of the spastic
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but the athetoid maintains these postures only fleetingly.
These constantly changing postures, however, recur quite
frequently and regularly. The fingers are generally hyper
extended and abducted, the wists flexed, the forearm bent
forward so that the palmof the hand is down, the plantal
part of the sole of the foot flexed and inverted. Slow
withing novenents are seen enphasized in hands and arns.
These novenents get aggravated by voluntary attenpts and
when enotional. Bobath (1960) described three categories
of these involuntary novenents in athetosis, nanmel vy,
(1) intermttent tonic spasns, (2) nobile spasns and
(3) fleeting localized contractions. These are reported to
absent at sleep and minimzed at rest. Athetoids exhibit a
fluctuating mnuscle tone varying from hypotonicity to

hypertonicity.

Typically this syndrome is characterized by abnornmal,
slow and withing, involuntary novenents involving skeleta
nmuscul ature. The nuscle tone is usually increased but it is
not constant and the nuscles may have normal tone or may be
even flaccid. Because of the varying nuscle tone and type of
i nvoluntary novenents, different clinical types of athetosis
such as tension athetosis, dystonic athetosis, shudder
athetosis, etc. are produced. Hence a single clinica

picture of athetosis is difficult to be formed and it is
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extrenmely unrealistic to do so (Karlin and Karlin and

Curren, 1970) .

At axi a

This type notor deficit is ascribed to lesions in
the cerebellum and/or to the pathways which conjoin it wth
the cerebral cortex and brainstem However, it has been
found that it cannot always be ascribed to damage to one
neurol ogi cal area since athetoids can also be ataxic or
ataxies can also have athetosis. Hence it is specul ated that
multiple lesions scattered over the cortex and the brain
stem may involve the extrapyram dal system including
cerebellum at many different points (Berry and Eisenson,
1962) .

In terms of neuronuscular abilities, the synptons
constitute lack of equilibrium and co-ordination in
voluntary muscle activity. The inco-ordination is found to
result froman inability to integrate the conponents of
direction, rate and force in the nmuscular synergy. |In pure
ataxia, muscular tone is permanently reduced. In practice,
ataxics fluctuate from hypotonicity to hypertonicity since

they al so share features of athetosis.

The localization of brain lesions is highly varying
in all the three types of cerebral palsy although there is

general opinion that the pyram dal system the basal ganglia
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£nd cerebellum are the common sites of lesion in spasticity
athetosis and ataxia respectively. This extrene variation in
terns of the etiology and consequently, the synptonatol ogy
throws |ight, we feel, on the difficulties to obtain a true
clinical picture and that each case should be treated as

unique in the clinical set up.

There is also a great deal of evidence t hat
neurol ogi cal characteristics may change as the nervous
system matures from birth to adolescence (Denhoff and
Robi nault, 1960). O her classification systens of cerebra
pal sy are (1) topographic classification which classifies
cerebral pal sy based on norphology of parts of the body
involved (linbs in particular) I|ike nonoplegia, paraplegia,
henepl egia, traplegia, quadreplegia, diplegia and double
henmepl egia, (2) etiological classification, based on tinme of
occurance of brain damage, (3) supplenental classification,
(4) functional capacity classification which deals wth
severity of problem and (5) therapeutic «classification

considering the extent of therapeutic efforts required.

Al though it is not clear as to how specifically and
narrowWly a cerebral palsy individual can be categorized
along these, it is wunderstood that a patient can be
eval uated against all these classifications and a profile

and a descriptive classification obtained.
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Speech characteristics in cerebral palsy

Motor disability in cerebral palsy as a prinmary
synptom can affect the intelligibility and articulation -
voice -prosody of speech, t hus hi nderi ng t he ora
conmuni cation. Because of the extreme variability of the
di sorder, however, the speech in cerebral palsy is severely
affected with poor intelligibility and dysarthxia (sone
times no speech at all) or speech can have little or no

deviation from the normal .

Neur ormuscul ar i nvol venent in case of cerebral palsy
| eads to speech defects in 20% of the cerebral palsied
popul ati on (Denhoff, 1958). New Jersy study reports speech
defects to be a major occurance in all groups of cerebra

pal sy (Hopkins et al., 1954).

Denhoff and Hol den (1951) reported that spastics
have fewer hearing and speech problem than athetoid, who

have nmost difficulty with speech.

Dunsdon (1952) found speech defects in 70% of her
cases. Speech disorders are nmuch common in athetoid than in

spastic children

Fl oyer (1955) found a speech defect in 46 of
Li verpool school age children with cerebral palsy and

athetoid accounted for 88% of speech defects.



- 44-

According to Berry and Ei senson (1962), spastic
speech is recognized by its slow rate, |aboured production,
grave articulatory problens which arise due to inability to
formfine, synchronous novenents of tongue, |ips, palate and
jaw, lack of vocal inflection guttural or breathy quality of
voi ce, uncontrolled volune, abrupt changes in pitch, all in
di sagreement with the content of expression. The speech of
athetoid is found to have a varying gradations of a pattern
of irregular, shallow and noisy and breathy, whispered,
hoarse and ventricular phonation. Articulation pr obl em
varies from slight dysarthria to extrenme case of
unintelligible speech. The speech characteristics of ataxic
i ncl ude nonot onous voice or voice characteristic that change
spasnodically in ternms of pitch, |oudness, and quality, poor
and inprecise articulations which vary from being noderately

intelligible to extrenely unintelligible slur.

Boone (1972) groups the speech characteristics of

cerebral palsy along seven dinensions nanely, (1) pitch

characteristic variations, (2) | oudness vari ations,
(3) laryngeal and resonance quality vari ati ons, (4)
respiratory vari ations, (5) articul atory vari ations,
(6) prosody variations, (7) overall general inpression of

intelligibility and bizarreness.

Thi s approach of categorization offers the clinician

a ready description of the patients speech behaviour while a
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classification such as spastic speech and athetoid speech
may not help to locate the differences and abilities of
i ndi vidual cases (Boone, 1972). The wvariability of the
disorder from individual to individual 1is an inportant
factor. The primary notor disability would nmake nornma
articulation, prosody and voice inpossible in sonme whereas

it mght not affect simlar other cases in any nmanner.

Enotional factors like distractibility, poor self
concept, etc. may cause excessive spasticity, athetosis or
ataxia which would preclude normal speech pattern which
would in turn increase the respective tension or the Iike.

Thus effects are circular in nature.

Voi ce di sorder

The respiration, abnormal vocal fold vi bration
| eading onto faulty phonation and abnornmal resonance nay al
contribute to poor voice <characteristics such as pitch,
| oudness and quality. Inability to extend the exhalation
woul d seriously Iimt the phonation duration and capacity
necessary for speech production. The nmalpositioninc of
articulators like the tongue, palate and nmandible nmay all

lead to inproper resonance and hence poor voice quality.

McDonal d and Chance (1964) says that when child

attenpts to produce controlled exhal ations, he nmay devel op
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muscul ar spasns which spreads to |l|aryngeal nusculature
causing |l aryngeal spasnms. There can be (1) adductor spasmin
whi ch the vocal cords are held together when phonation may
be initiated with difficulty. (2) Abductor spasm where voca
cords are held slightly apart on phonation leading to a
breat hy voi ce production. (3) Sudden variation in tension of
| aryngeal mnuscles which |eads onto corresponding variations

in pitch, intensity and quality.

Rutherford (1944) studied voice characteristics
(I oudness pitch and quality) rate and rhythm of speech of
cerebral palsied and attenpted to differentiate between
athetotic and spastic groups of <cerebral palsy. He took
two groups of cerebral palsied athetoid (N = 48), spastic
(N = 74) and control group (N = 67) of normal <children. It
was found that there was no <clear-cut separate entity as
cerebral palsied speech that was particularly characteristic
of the group. However some difference was seen. Athetotic
speech tended towards slower, nore jerky speech than speech
of spastic group and it had nore | oudness nore |ow pitch and

nore nonotony and breat hi ness.

Duffey (1954) revealed that athetoid had a faster
reading rate, higher pitch, larger pitch range and faster

rate of pitch change than spastic cerebral palsy.
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Pal mer (1953) suggest that Ilaryngeal block m ght
interfere wth adequate phonation. He <calls attention to
the proper functioning of intrinsic laryngeal structure in
consummating the delicate adjustnment of vocal cords for

satisfactory glottal vocal attack for speaking.

Berry and Ei senson (1956) reported that in athetoid
speakers, obstruction of breath stream either by partia
obstruction of the vocal folds or by extrene constriction of
oropharynx may result in noisy breathing which appear prior

to vocal initiation.

Cenment and Twitchell (1959) studied dysarthria in
cerebral palsy in terns of deficits in phonati on
respiration and articulation in this pathological group and
suggested a physi ol ogi cal interpretation of the deficit.
Twenty subjects (age 3-12 years) belonging to two groups of
spastic quadriplegia and bilateral athetosis were eval uated.
The spastic dysarthria (of spastic quadreplegic group) in
terms of phonation, was characterized by high pitch,
nonot one, weak intensity, Dbreathy quality wth abnornal
nasal resonance and broken phonation. Athetotic was, on the
ot her hand characterized by a low pitch, sudden uncontrolled
rising inflections, weak, forced and varying intensity,
throaty quality wth |arge anount of pharyngeal resonance.

Spastic dysarthria showed shallow inspiration and forced
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expiration with spasnodic and broken rhythmwhile athetotic

dysarthria was acconpanied by a shallow but varying and

uncontrol | ed I nspiration and a forced uncontrol | ed
expiration with a jerky and uncontrolled rhythm In terns
of articulation, both groups showed inpairnment of |ingua-

dental sounds on production because of tongue placenent

abnormal i ties.

Spastic had low pitched, loud voice with hoarseness
and athetoid showed extrene variation in pitch, varying
| oudness and harsh quality of voice. Both the group had
vocal deficits with the spastic group performng slightly
better than athetoids (Berry and Eisenson, 1962). Sane
result was found in study by Shyamala (1988). Athetoid
tended toward slower and nore jerky speech than speech of
spastic group and it had nore |oudness, nore low pitch and

breat hi ness (Rutherford, 1944).

Bohne and Stimmfol ge (1963) investigated 32 patients
(23 - infantile spastic diplegia, 4 - spastic hem plegia,
3 - chorea with athetosis, 2 - athetosis) from phoniatric
point of view. Dysarthria was seen in 16 cases, 10 of which
had sone disorder of phonation which was established as

hyper ki neti c voi ce disorder.

Mur t hy (1972) studi ed 114 cer ebral pal si ed

i ndividual (ages 18 nonths to 15 years) and found that
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phonatory changes include har sh and spastic voi ce.
Hypernasality was found to a |esser degree than spastic
voice. Articulators like tongue and lips nove slowy vith
limted range and rapid alternative novenents are slow Soft
pal ate noves slowy and little on phonation but responds

well to gag reflex.

Crickmay (1972) revealed that reflex inhibitory
posture has positive effect on voice and speech production
of children with cerebral palsy. He says that when child is
fully adjusted to reflex inhibitory posture, his respiratory
muscul ature free from spasticity, begins to work nornmally.
As a result he produces greater volunme of air wth a
consequent strengthening of vocal tone. Freednan and Heed
(1979) conpared voice sanples before and after wutilization
of reflex inhibitory posture in 6 spastic cerebral palsied
children and cane to a conclusion that reflex inhibitory
posture had a positive effect on subjects voice particularly

in areas of frequency and intensity.

An extraneous vocal behaviour conprising of non-
standard neani ngl ess sound prior to actual vocalization has
been noted and studied by few  Haphazard, extraneous,
meani ngl ess or non-standard speech behaviour may be defined
as those vocal "noises" emtted during speech production

whi ch are not accepted phonol ogi cal conponents of words of
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| anguage spoken West, Ansberry and Carr, 1957). Berry and
Ei senson (1956) earlier had discussed t hese at ypi ca

patterns in terns of inco-ordinated "relace and |inkage"
concerned wth breathing Van Riper (1954) al so had
attributed these unnatural pauses and graspings to faulty
breathing patterns. Farner and Lencione (1977) analyzed
spectrographically and phonetically such extraneous voca

behaviour in 14 cerebral palsied speakers (9 subjects were
athetotic and 5 predomi nantly spastic) aged 8-44 years. 71%
of subjects denonstrated pre-vocalizations. These were found
to occur nore and with longer nean durations in athetoic
speakers than in spastic speakers. The acoustic nature of
this extraneous behaviour nmay be described as nasalized,
neutral vowel occurring with or wthout nasal consonant.

Prevocal i zation appeared to result from inadequate contro

of vocal tract in tinme and other extraneous vocal behaviours
may indicate other conpensatory devices used to achieve

devel opnental | y production of adult phonol ogy.

Farmer (1977) confirnmed the wearlier findings that
for all athetoic speakers, pre-vocalizations occurred nore
frequently and that they were generally of a |onger duration

bef ore voiced and voi cel ess stops.

Pruszewkz et al. (1977) performed neurol ogi c and

phonatric examnation in 54 patients (age 1-19 vyears) wth
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extrapyramdal form of cer ebr al pal sy. He found a
correlation between severity of neur ol ogi c syndr one,
intensity of phonatric synptons, intellectual Ilevel and

bi cel ectric activity of brain in patients studied. He
concluded that speech and voice disorder 1in those cases
result from nuscle inco-ordination of peripheral speech and

voice organs and depend on intensity of neur ol ogi c

di st ur bance.

Wt et al. (1993) studied three non-invasive nmaximm
performance task (MPT), i.e. maximum sound prolongation,
fundanental frequency range and maxi num repetition rate in
11 spastic cerebral palsied children (age 6.4-11.10 vyears).
The study showed that spastic dysarthric group scored poorer
than control group on all paraneters except S2 ratio and
ratio of syllable duration. In maxi mum repetition rate,
maxi mum intersubject variability was seen for syllable

duration for spastic dysarthric than for controls.

Respiratory problem in cerebral palsy

A typical breathing pattern may be one of the cause
for poor speech proficiency in cerebral palsy. Laryngea
dysfunction is usually related to <cerebral palsy child.

Speech breathing pattern in cerebral palsy, the breathing



disability frequently come very close to the limts of

leaving very little

necessary for speech (Pal ner,

Fl oyer
associ ated speech synptons

shown bel ow.

Br eat hi ng probl em

Rapid rate

Difficulty in taking
deep inhal ation

Difficulty in controlling
a prol onged exhal atory
novenent

Ant agoni stic diaphragmatic
abdom nal and thoracic
novenent

| nvol untary novenment in
respiratory muscul ature

flexibility for t he

(1955) gave the

in cerebra
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life,
nodi fi cation

1954) .

breathing problem and the

pal sied children as

Associ at ed speech synptons

Little vocalizing in infants

O'ten produces only 1 or 2
syl l abl es on an exhal ation

Difficulty in initiating
vocal i zation

Not i ceabl e escape of air
before initiation of
vocal i zati on

Produces only a few syll abl es
on exhal ation

Difficulty in sustaining
vocal i zati on because of
insufficient air if

ant agoni sm occur on inhal ation

Interruption of vocalization
i f antagoni sm occur during
exhal ation

Varied |oudness of voice
i nterruptions of vocalization
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Hardy and Renbolt (1959) revealed that inspiratory
capacities and expiratory reserve volunme are reduced in
cerebral palsied individuals when conpared to normals.
Expiratory reserve volune is the nost reduced and in rmany
there is a conplete absence of expiratory reserve volune.
This suggest that with their inefficient valving of air
stream they would be unable to generate as nuch intraora
pressure as need for speech production. 1. Totally paral yzed
pal ate, 2. relatively adequate palatal action during one
type of speech activity (repeated syllable), but relative
immbility during continuous speech and 3. incordinate
novenents and inconplete <closure during speech precluded

build up of intraoral breath pressure (Hardy, 1961).

Therefore, the present study ains at investigating
some aerodynamc (nmaxi mum duration of phonati on) and
acoustic (mean fundanental frequency in phonation and
speech, nean intensity, frequency and intensity range in
phonati on and speech,fluctuation in frequency and intensity,
rise and fall time of phonation, speed and extent of
fluctuation) aspects of voi ce of cer ebr al pal si ed

chi | dren.
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MAXI MM PHONATI ON DURATI ON

The neasurenment of maxi num phonation duration has
been suggested as a clinical tool for evaluating voca
function for the past three decades. Arnold (1955) has
stated that "... A good criterion for the general quality of
voi ce immedi ately available by determning the phonation
duration.” Yanagi hara et al (1966) have reported that the
efficiency of the vocal function could be denonstrated by
eval uating the maxi num duration of phonation. Boone (1977)
has witten that neasures of sustained phonation of vowels
such as /a/ can provide information about an individuals
efficiency in using the respiratory system for phonation.
Gould (1975) stated that the maxi num phonation tine gives an
indication of the overall status of |laryngeal functioning
and of tension in the larynx, and of any neuronuscul ar
disability. A short phonation tinme with a large air escape
suggests a neuronuscul ar deficit such as laryngeal nerve

par al ysi s.

Several authors have suggested 'norns' for maxi num
duration of phonation. These norns were found to vary from
10 seconds for consonants in children to 30 seconds for
vowels (Arnold, 1955), in normal-voiced individuals.

According to Van Riper (1963), nornal-individuals should be
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able to sustain a front, mddle and back vowel for atleast
15 seconds wthout difficulty, while Fairbanks (1960)
reported a normal duration of 20 to 25 seconds. dinically
MPD values smaller than 10 sec should be considered as
abnormal (H rano, 1983). The table 1, presents nornal val ues
for MPT reported by several investigators. The average
is greater for males (25-35 secs) than for femal es

(15-25 secs).

MPT in children has also been studied. A child
should have an adequate supply of air and be able to
mai ntain steady phonation sufficient for effective speech
comuni cation. The nmeasurement of MPD is an index of this

ability (Wlson, 1979).

Westl ake and Rutherford (1961) nmintained that a
child with a normal voice should easily sustain a tone for
20 seconds or larger after a fewtrials. O sen, Perez, Burk
and Platt (1969) found that average MPT to be 12.8 secends,
for normally speaking boys and girls between 5 and 10 vyears
of age. Bless and Saxman (1970) studied MPT in boys and
girls aged 8 and 9 years, and found MPT for girls was 19
seconds and for boys 16 seconds. These results were contrary
to nost of the other studies in that, the girls had a
| onger MPT that the boys. Further, the results obtained by

Coonbs (1976) in her study of children with varying degrees
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of hoarseness, indicated no significant relationship between
sex and phonation tinme. The difference may reflect the
conpoundi ng aspects of hoarseness on the duration.

Shigenmori  (1977) i nvesti gat ed MPD in school
children. The MPD was found to increase wth age. The
di fference between males and females was not significant

except anong the seventh grade children.

Aut hor ( s) N  Sex Aver age Range
Hayashi (1940) 20 M 22
25(/11)
Suzuki (1944) 21 M 24. 8 15- 37
19 F 17. 4 10- 24
Ni shi kawa (1962) 10 Singer 19- 38
10 M 16- 29
10 F 12-21
Pat acek and 40 M | 24.7 13.6-41.7
Sander (1963) Il 25.7 14.3-48.0
11 24.9 12.3-59.0
40 F | 16.8 9.3-34.0
Il 16.7 9.2-29.8
I 17.9 8.4-39.7
Sawashi ma (1966) 70 M 29.7
78 F 20. 3
Yanagi har a 11 M 30.2 20.4-50.7
et al. (1966) 11 F 22.5 16.4-32. 7
I shiki et al. 5 M 31 22-51
(1967) 5 F 17 9- 36
H rano et al. 25 M 34.6
(1968) 25 F 25.7
Shi germori  (1977) 25 M 30.1 15. 8-66. 6
25 F 17.0 9.4-26.2

Tabl e a: Nornmal values of MPT (in seconds) in adults
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Launer (1971) measured MPT for /a/, /u/ and /i/ in
children aged 9 through 17 years. There was no statistically
significant difference between the three vowels. Phonation
tine increased wth age increase and boys had |onger

sust ai ned phonation tinme than girls.

Cunni ngham - Grant (1972) reported that MPT for the
6, 7 and 8 year old girls was considerably higher than those
found by Launer (1971). However, the 6-, 7- and 8 year old
boys fairly well fit into the developnental standard of

Launer's boys.

Time (secs)

Age e
F M

6 11.70 11. 74

7 10. 57 11. 77

8 15. 27 12. 97

Tabl e b: Average MPT (in seconds) for /a/, [i/l and /u/
(CQunni ngham Grant, 1972)

Lews, Casteel and McMbhan (1982) f ound no
statistically significant relationship between the |ength of
phonation tine and age, using 8- and 10- year ol ds. However,
contrary to the above studies, Ptacek et al (1966) found
that MPT decreased as a function of increasing age. Harden

and Looney (1984) have neasured maxi mum sustai ned phonation
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of /a/, /u/ and /i/ in 160 kindergarden children wth nean
age of 5.2 years. Subjects were grouped based on sex and
presence or absence of a voice disorders. Stop watch
nmeasurenents of each subject's MT were conpared wth

graphic level recorder. The results indicated that:

1. The factor of sex had no significant effect on

maxi mum phonati on duration.

2. The effect of normal voice group did result in a
significant group wth the voice disordered group achieving

shorter phonation than the non-voi ce-di sordered groups.

3. The phonation tine obtained fromtwd neasurenent
procedures correlated significantly. Results also suggest
that the vowel effect on nmaximum phonation tine was
significant for both the groups. The vowel /i/ was phonated
significantly longer than either /a/ or /u/ for nales to

females in both groups.

This lack of agreement in the results of different
studi es made several investigators to study variables which
ef fect maxi num phonation duration. Variables investigated
include vital capacity and air flow rate (Yanagihara et a
1966; Isshiki et al 1967; Yanagi hara and Von Leden, 1967,
Becket-, 1971), wvocal pitch and intensity (Ptacek and
Sanders, 1963; Yanagi hara et al 1966; Yanagi hara and Koi ke,
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1967), Phonation volunme (Yanagi hara et al 1966; Yanagi hara
and Koi ke, 1967), sex (Ptacek and Sanders 1963; Yanagi hara
and Von Leden, 1967; Coonbs, 1976), age (Launer, 1971,
Coonbs, 1976), and height and weight (Launer, 1971).

Several researchers have investigated the effect of
vital capacity on the Maxi nrum Phonation Ti ne. Yanagi hara and
Koi ke (1967) indicated that the air volunmes available for
maxi mal |y sustained phonation (that is, phonation volune)
varied in proportion to the vital capacity and air avail abl e,
and this was specific to the sex, height, age and weight of
individuals. Additionally, they suggested t hat | onger
phonation tinme is generally related to |onger phonation
vol une. They concl uded that maxi num sustained phonation is
achieved by three physiological factors:

1. Total air capacity available for voice production
2. The expiratory power.
3. The adjustnment of the larynx for efficient air

usage, that is, the glottal resistance.

The results of a study of Isshiki et al (1967)
indicated that the none of the experinental subj ect s
utilised the total vital capacity for the production of the
| ongest phonation. The anmpbunt of air volune expired during
t he | ongest phonation ranged from 68.7% to 94.5% of the

subjects wvital <capacity. Yanagihara and Koi ke (1967)
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obtained simlar findings wwth the percentages ranging from
50 to 80% for males and from45 to 70% for fermales. Lew s,
Casteel and Mcnohan (1982) found a significant and dom nant
relationship between vital capacity and the length of
sustai ned phonation of /a/. They also suggested that given
twenty trials, the maxi mum phonation tine obtained could
reflect utilization of a higher percentage of the vita

capacity.

The amount and the kind of training an individua
had, has been considered as yet another wvariable affecting
the duration. Lass and M chael (1969) indicated the athletes
generally do better than non-athletes and trained singers do
better than nonsingers. However, the results obtained by
Sheela (1974) were contrary to the above findings. She found
no significant relationship between phonation duration and
trained or untrained singers. The phonation duration ranged
from15 to 24 seconds in trained singers and 10 to 29

seconds in untrained singers.

The position of the individual while phonating, has
been considered as another factor affecting the neasure.
Sawashima (1966), however found no significant difference in

the MPT in the standing or sitting positions.

Many investors have specified the nunber of trails

used to obtain maxi mum duration of phonation; however, nost
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of the studies have been based on three trials (Yanagihara
et al 1966; Yanagi hara and Koi ke, 1967; Yanagi hara and Von
Leden 1967; Launer, 1971; Coonbs 1976). Sanders (1963) found
MPT with twelve trials and found no difference between the

first and the twelth trial.

Stone (1976) indicated that adults denonstrated
greater maxi mum duration of /a/ when fifteen trials were
used. Lewi s, Casteel and McMbhan (1982) have found that the
practice of utilising three trials to determine the MT is
i nadequate, for it does not represent a 'true' neasure of
t he maxi mum duration. They report that it was not until the
fourteenth trial that fifty percent of their subjects
produced the maxi mum phonation and not until the twentieth
trial, did all their subjects produce nmaxinum phonation
duration. The authors believe this finding to be not only
statistically significant, but also, nore importantly,

clinically significant.

Al t hough many researchers have suggested the effect
of height and weight to the length of phonation time (Arnold
and Luchsi nger, 1965; Mchael and Wendahl, 1971); Lews,
Casteel and McMbhan (1982) f ound no statistically
significant relationship between them Also Sawashima (1966)
reported no significant difference in MPD in the standing

and sitting position.
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Ptacek and sander (1963) appear to be the first to
suggest that the nmaxi mum duration of phonation may be
influenced by the frequency and SPL of the phonation. Al so,
males could sustain phonati on | onger t han femal es,
especially at |low frequencies and sound pressure |evels.
Then as both frequency and SPL increased, the phonation
times between nmales and females tended to becone nore
simlar. However a considerable degree of variability anong
subjects was still evident in that significant differences
existed for frequencies and sound pressure levels for nale
phonations, but not for feral e phonations. Conversely, the
frequency-sound pressure level interaction was significantly
for the females but not for the males. D fferent results
were found by Lass and M chael (1969). They report that for
| ow frequency phonations of both males and females, and for
the noderate frequency phonations of the nales, there was a
general tendency for phonation tinme to increase as a
function of sound pressure |evel. However, in the high
frequency phonations for both nmales and females, there was a
tendency for phonation tinme to decrease as the sound

pressure |evel increased.

Yanagi hara et al (1966) and Yanagihara and Koike
(1967) nmeasured the maximum phonation tine at three

different vocal pitches-low nedium and high - in nornal
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adults. Phonation tine was reduced at high pitches for both
men and wonen. The figures for nmen were 28.4 seconds for |ow
pitch, 30.2 seconds for mediumpitch, and 23.7 seconds for
high pitch; while those for females were 21.7 seconds for
low pitch, 22.5 seconds for nediumpitch and 16.7 seconds

for high pitch.

Shashi kala (1979) studied the maxi mum phonation tine
at opti numfrequency, +50 Hz, +100Hz, +200Hz and -50Hz, and
reported that the maxi mum phonation time was longer at the
opti mum frequency than at other frequencies, in both nmales
and fenal es, when the optinmm frequency was neasured using
an objective nmethod of locating the optimm frequency as

described by Nataraja (1972).

Kom yama and Buma (1973) neasured maxi mum phonation
taki ng account of the intensity of the voice. Measurenents
were made in fortissinmo, nmesoforte and pianissim in varying
pitches. The results indicated that the "phonation tinme" in
fortissinmo showed the m ni mum val ue conpared with the value
of nmesoforte or pianissino phonation in various pitches.
They al so observed the "phonation capacity” by integration
of voice intensity with phonation tine and reported that
"phonation capacity"” was dimnished and showed a renmarkable
decrease in fortissino phonation duri ng t he regul ar

transition.
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Maxi mum durati on of phonation has been wused as a
di agnostic tool for sone tinme. A significant reduction bel ow

normal |evels can be related to inadequate voice production.

An abnormally short maxi mum phonation duration was
found in cases of recurrent |laryngeal nerve paralysis. The
maxi mum phonaticn tine varies depending on the cord position

in recurrent laryngeal nerve paralysis (Shigenori, 1977).

Jayaram (1975) reported significantly |ower rmaxi num
phonation duration in a dysphonic group than in a nmatched
normal group. Further, while a significant difference in
maxi mum dur ati on of phonation was reported between nales and
females in the normal group, no such difference was evident
in the dysphonic group. These results are simlar to those
reported by Coonbs (1976), wherein no significant difference
was oObserved wth respect to the nmaxinmum duration of

phonation, between males and fenmales w th hoarseness.

Ptacek and Sanders (1963)appear to be the first to
relate the maxi num duration of phonation to the perception
of "breathness". Although none of the voices of their
subj ects were considered to be non-normal, they were able to
divide their subjects into two groups - long phonators and
short phonators. Wen these two groups were judged as to the

degree of breathness fromleast to nost on seven-poi ntscl ae,
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they found that the long phonators tended to be judged as
less breathy, than the short phonators. |In addition,
per cei ved breat hi ness decreased as a function of increased
intensity and, high frequency phonations tended to be rated
as nore br eat hy, t han correspondi ng low frequency

phonat i ons.

Studi es of maxi mum phonation duration in cerebra
palsied is few Wst take & Rutherford (1961) not ed
variability anong cerebral palsied children in their ability
to phonate and prolong phonation. He suggested that CP
child should be able to sustain voice on exhalation phase
for a mnimmof 10 sec. Cerebral palsy children require too
many intakes of breath for sustaining |life processes nay not
be capable of sufficient sustaining of phonation for
adequat e phasing and consequently need to develop breath
control and voice production |long before actual production
of speech. Al so tension produced by notor deficiency my

interfere with phonation process (Rutherford 1950).

Warnass (1993) study revealed that spastic cerebra
pal sied has a maxi mum | ength of phonation for vowel /a/ and
/il to be 2 sec and 10 sec for /s/. According to him this
reflects poor control of the individual over phonation and
| aryngeal valving nechanism Wt et al (1993) neasured

maxi mum phonation duration of 11 control normal subjects and
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11 spastic cerebral palsied individual (age 6.4 -11.10 yrs).
Results indicated that spastic cerebral palsied showed

poorer (5.59 sec) then control group (15.8 sec).

FUNDAMENTAL FREQUENCY | N PHONATI ON

Fo is the Ilowest frequency that occurs in the
spectrum of a conplex tone. In voice also, the fundanenta
frequency is the lowest frequency in the voice spectrum

This keeps varying dependi ng upon several factors.

"The quality and |oundness of voice are nornally
dependent upon the frequency of vibration. Hence it seens
apparent that frequency is an inportant paraneters of voice
" (Anderson 1961). There are various objective nethods to

measure the Fo of the vocal folds.

The changes in voice with age and within the speech
of an individual have been subject of interest to speech
scientists. Various investigations dating back to 1939 have
provided data on various vocal attributes at successive
devel opnmental stages frominfancy to,old age. Fairbanks(1940,
1949), Curry (1940), Snidecor (1943), Hanky (1949), Msak
(1950), Samuel (1973), Usha Abraham (1978), Gopal (1980) and
Kushal Raj (1983), are sone anong those who have studied the

changes in fundanental frequency of voice wth age.
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The aging trend for males with respect to the nean
fundanental frequency is one of a progressive |lowering of;
pitch level frominfancy through mddle age followed by a

progressive raise in the old age (Msak, 1966).

However, anong fenales, the nean f undanent al
frequency levels of the 7 and 8 8 year olds was the highest.
A progressive |lowering of fundanental frequency level s
then seen till the age of a young adult fermale. No
significant change is seen from young adulthood to the aged
group which is in contrast to the nmale population (Msak,

1966) .

The voice of a new born has been found to be around
400Hz (G utzman and Plateau, 1905, Indira, 1982). Upto
puberty there is little difference between the voice of boys
and girls. The voice change is promnent at puberty. In
majority of the cases this <change takes place w thout
appreci able pitch breaks during speech. But in sone, a
period of pitch breaks are observed, due to the inability of
the individual to control the |aryngeal nuscles because of
sudden changes in the larynx due to growh. Pitch breaks,
however, have been observed in the children, long before the
onset of puberty. In an examnation of sixty children
bet ween the ages of seven and ei ght years, Fairbanks (1950),

could find pitch breaks in both sexes. Therefore, the voice
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changes in puberty shoul d be i nterpreted as t he
intensification of a process that begins already at a nuch

earlier period (Broadnitz, 1959).

Eguchi and Hrsh (1969) state that "It is well known
that the fundanmental frequencies of children and adult
females are higher than those of the adult male". They
further add that, "children have a fundanental frequency of
about 300Hz even upto the age of 8 and 10 years. There is no
significant difference if fundanental frequency of speech
between 7 and 8 years, or between boys and girls of those
ages (Fairbanks, Herbert and Hammond, 1949; Faribanks, WIley
and Larsman, 1949; Potter and Steinberg, 1950; Peterson and

Bar ney 1952) .

The fundanental frequency values are distinguished
by sex only after the age of 11 years, although small sex

di fference m ght occur before that age (Kent, 1976).

The fundanental frequency drops slightly during the
first three weeks or so, but then increases until about the
fourth nonth of |ife, after which it stabilizes for a period
of approximately five nonths. Beginning with the first year,
fundamental frequency decreases sharply wuntil about three
years of age, when it nmakes a nore gradual decline, reaching

to the onset of puberty at 11 or 12 years of age. A sex
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difference if apparent by the age of thirteen years, which
mar ks the beginning of a substantial drop male voices, the
wel | known adol escent voice change in the case of fenales.
the decrenent in fundanental frequency from infancy to
adul t hood anong fenmales is sonewhat in excess of an octave,
whereas mal es exhibit an overall decrease approaching two

octaves (Kent, 1976).

Studi es on the Indian popul ation have shown that, in
mal es, the lowering in the fundanmental frequency is gradua
till the age of 10 years, after which, there is a
sudden marked lowering in the fundanmental frequency, which
is attributable to the changes in the vocal apparatus at
puberty. In the case of females, a 'gradual |owering of
fundamental frequency is seen (Ceorge, 1973; Usha, 1979;
Gopal , 1980; Kushal Raj, 1983).

Peterson et al (1985) have investigated usi ng
nmul tivariable statistical analysis of various paraneters of
voice as related to puberty in choir boys. They selected 48
boys age ranging from 8-10 years. The results of this
statistical analysis depicted that sexual Hornon Binding
globulin (SHBG is a predictive factor of the change in Fo

from chil dhood to adul thood voice in boys.

Thus, the lowering of fundanental frequency is seen

both in case of mles and fenales wth age, and these



-70-

vari ati ons are attri buted to t he anat om cal and

physi ol ogi cal changes wth age.

The study of fundanental frequency obviously has
clinical inplications. Cooper (1974) used spectrographic
analysis, as a clinical tool to determne and conpare the
fundanental frequency in dysphonics before and after vocal

rehibilitation.

Shant ha (1973) and Jayar am (1975) found a
significant difference in habitual frequency neasur es

bet ween normal s and dysphoni cs.

Kene and Wllen (1985) studied the acoustica
nmeasurenent of 10 children with vocal nodul es, age ranging
from6.1 years to 11.6 years which included 6 nmales and 4
females. Results of this study showed a si gni fi cant
correlation between clinical judgenments of severity on the
Viilson scale and pitch and anplitude pertubation neasures
from children pathol ogi cal voices was denonstrated. Subjects
rated as nore severe on the WIson scale had greater pitch
and anplitude pertubations than subjects wth I|ess severe

ratings.

Thus it is apparent that nmeasurenent of t he
fundanmental frequency is inportant in the diagnosis and the

treatnent of voice disorders and al so refl ects t he
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neur onuscul ar devel opnment in children (Kent, 1976). Study
regardi ng fundanmental frequency in phonation in cerebra
palsied in Indian context is limted. So present study ains

at studying this paraneter.

FUNDAMENTAL FREQUENCY | N SPEECH

An eval uation of the fundanental frequency in
phonation, may not represent the habitually used fundanenta
frequency of an individual. Many investigators have studied
fundanental frequency as a function of age and in various
pat hol ogi cal conditions. Difference types of speech sanples,
i.e, phonation reading, spontaneous speech and singing have
been used in different studies. In literature one often
finds conparisons of results of difference studies. But it
is not clear whether the sane type of speech sanple have
been considered for such conparisons. And further it is not
clear whether all the speech samples would vyield the sane
results. However clinical experience has shown that the
subjects wuse difference fundanental frequenci es under
different conditions. To verify this clinical inpression an
experinment was conducted by Nataraja and Jagadeesh (1984).
They studied fundanental frequency in phonation, reading,
speaking and singing and also the optinmum frequency in 30
normal mal es and femal es. They observed that the fundanenta
frequency increased from phonation to singing with speaking

and reading in between.
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M chael , Hollien and Moore (1965) studied t he
speaki ng fundanental frequency characteristics of 15, 16 and
17-year old girls, in order to determne the age at which
adul t femal e speaki ng f undanent al frequenci es are
established. Their results indicated that fenmales attain
adult speaking fundanental frequencies by fifteen years of
age. It seens necessary, therefore, to study the girls
fourteen years of age and younger, in order to determne
when adult frequencies are first evidenced (Mchael, Hollien

and Moore, 1965) .

Kushal Raj (1983) studied the speaking fundanenta
frequency as a function of age, in children between four and
twel ve years. He reported that the fundanental frequency,
both in the case of males and femal es, decreases wth age,
mal es showi ng a sudden decrease around el even years of age.
No significant difference in fundanental frequency was found
until the age of eleven years, between nales and fenales.
The fundanental frequencies of the vowels /al/, /i/l, lul, el
and / o/, occurring in speech, indicated that the fundanmenta
frequency of vowel /a/ was the lowest in both nales and
females, /u/ was the highest for males and /i/, the highest

for femal es.

The age dependent variations of nean speaki ng

fundanental frequency reported by Bohne and Hecker (1970)
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indicate that the nean speaking fundanental frequency
decreases with age up to the end of adolescence. A narked
| onering takes place during adol escence in nen. In advanced
age, nean speaking fundanental frequency becones higher in

men but is slightly lowered in wonen.

M chael and Wlten (1985) studied the devel opnenta
trends in vocal fundanmental frequency 14 young children
between the age of 11 to 25 nonths, an age peri od
characterised by changes in physiological and |[|inguistic
devel opnment. Subjects were grouped into 3 nmont h age
intervals reflecting a conti num of physical devel opnent and
wer e audi ot ape recor ded during spont aneous speech
productions. Acoustic analysis of average Fo and Fo
variability was perforned. Fo wvariability was found to
decrease as subject age increased as did segnent durations.
They al so concluded that when viewed with in the overal
devel opnental period and in conparison with data from other
studi es of younger and older children, average Fo during
this age is consistent with a decreasing trend throughout

early chil dhood.

Soorenson (1989) studied the fundanental frequency
characteristics of 30 children between the ages of 6 and 10
years were investigated in a variety of speech tasks. The

results indicated that average fundanental frequency across
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tasks for the boys is approximately 262Hz and for girls
approxi mately 28/ Hz. Statistical analysis indicated that
there was no significant difference in the Fo of boys and
girls in this age range. Hgh vowels were found to have
hi gher Fo values than low vowels, sustained vowels had
hi gher fundanental frequency values than either spontaneous

speech or reading for both groups of speakers.

G | bert and Canpbel | st udi ed t he speaki ng
fundanental frequency in three groups (4 to 6 years, 8 to 10
years and 16 to 25 years) of hearing inpaired individuals,
and reported that the values were higher in the hearing
i mpai red groups when conpared to values reported in the
l[iterature for normally hearing individuals of the same age

and sex.

Mo much information is available on fundanental
frequency in speech of cerebral palsied. Duffy (1954)
anal ysed the speech of cerebral palsied individuals by nmeans
of an instantaneous fundanental frequency recorder. He
detected pitch characteristics which were rel ated to

different types of cerebral palsy.
FLUCTUATI ONS | N FREQUENCY AND | NTENSI TY

Perturbations are defined as the «cycle-to-cycle

variations in period and anplitude. To date, relatively few
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attenpts have been nade to neasure perturbations in
fundanental frequency and intensity, in children, although
such a measure may have value in describing the stability of
| aryngeal control (Lieberman, 1963). Basma, Truby and Lind
(1965) proposed that an infant's neurol ogical maturity night
be evaluated from such factors as the stability of [|aryngea
co-ordinations and the nobility of vocal tract conponents

during crying.

Though information on the cycle-to-cycle variations
in fundanmental frequency and anplitude as a function age are
scant, many investigators have found these neasures to be
useful in describing the voice characteristics of both
normal and pat hol ogi cal speakers (Koike, 1969, 1973; Hollien,
M chael and Doherty, 1973; Murry and Doherty, 1977; Smth
Wi nberg, Feth and Horii, 1978; Horii 1979, 1980). This
irregularity in vibration has been inplicated as a physica
correlate of rough or hoarse voices (Mathes and Ml er, 1947,
Bow er, 1964; Col eman, 1960, 1969, 1971; More and Thonson,
1965; Wendahl, 1966; Isshiki 1966; M chael, 1966; Colenman
and Wendahl, 1967; Yanagi hara, 1967; Takashi and Koi ke,
1975; Hrano et al 1977; Deal and Emanuel, 1978).

Hol i en, M chael and Doherty (1973) using sustained
vowel s, obtained neasures of frequency perturbation simlar

to those Liberman (1961) which they called the jitter
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factor. This jitter factor (JF) was defined as the cycle-to-
cycle period variations relative to the average speaking
fundanental frequency. They suggested that when vocalization
ot her than sustai ned phonation is used to exam ne the cycle-
to-cycle variations 1is period, the perturbations may
possibly be due to involuntary and/or |earned phonatory
behavi our associated wth meani ngf ul speech patterns
produced by the speakers. As sustained phonation reduces the
variability due to |learned speech patterns and elimnates
the differential loading of the glottis related to changes
in vocal tract configuration a nore valid assessnent of the
frequency perturbations associated with [aryngeal behavi our
nmay be obtained using only sustained phonation. Horii (1979)
further cautions against the use of connected speech due to
t he random perturbation associ at ed with " mechano-
physiologic"limtations of the glottal source which nmay
acconpany such sanples. However, Hammarberg et al (1968)
anal yzed the anplitude and period variations that occur in
connected speech and obtained a representative sanples of

voi ce qualities.

Baer (1980) explains vocal jitter as inherent to the
nmethod of nuscle excitation based on the neuronuscul ar
nodel s of the frequency fundanental and nuscle physiology.

He has tested his nodel using EMSG from cricothyroid nuscle
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and voice signals and clains neuronuscular activity as the

maj or contributor for the occurance of perturbation.

Many workers have conpiled normative data for
Shinmrer and Jitter. Horii (1979) reported an average shi mer
of 0.39dB for vowels /a/, /i/ and /u/. However, in a |later
study Horii (1980) and WIcoxon and Horii (1980) noted
Jitter and/or Shimrer differences anong different vowels.
WIlcox and Horii (1980) found that /u/ was associated wth
significantly smaller Jitter (0.55%, than /a/ or /i/ (0.68%
and 0.69% respectively). Studying ol der subjects, Horii also
found both Jitter and Shimrer to be smallest for /u/
internediate for /i/ and greatest for /a/. On the other
hand, a trend towards greater Jitter for high vowels than
| ow vowel s was reported by Johnson and M chael (1969) who
exam ned twelve English vowels. Zemin (1962) reported a
significantly greater Jitter for /a/ than /i/. Horii (1982)
found no significant difference in either Shinmmer or Jitter
val ues between eight English vowels and obtained an average

jitter value 0.75% and an average shimer value of 0.17 dB.

However, in a recent study, Sorenson and Horii
(1983) found that jitter and shimer values to differ for
the three vowels /a/, /i/ and /u/. The nean directional
jitter factor was 49.3% with a range of 34.6% (nen /u/) to

62. 7% (wonen/i/), while the average directional shimer
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factor was 59. 7% with a range of 43.5% (nen/i/) to 72.6%
(wonen /u/ ). Directional factors for shimer were on the

average, 10% higher than directional factors for jitter.

They al so reported that for both the groups (nen and
wormen), /u/ had the highest directional jitter factors, [al
was the lowest and /i / was internediate. The vowel /i/ had
the highest shimer factor for the nen and /a/ was
internedi ate. For the wonen, the results of these two vowels

were reversed.

The magnitude jitter values for the man and the
magni tude shimer values for the wonen followed the sane
pattern as the directional factors. The female rmagnitude
jitter and the nmale nmagnitude shimer, however, did not
follow the patters of the directional factors. Thei r
analysis also indicated that the magnitude values and the
directional factors can vary independent of each other. In
other words, the magnitude factors and the directional

factors do not necessarily have the sane pattern.

Research has shown t hat t he intensity, t he
fundanental frequency Ilevel and the type of phonatory
initiation and termnation are sonme factors which affect the
jitter magnitude 1in sustained phonation (More and Von

Leden, 1958; Jacob, 1968 Koi ke, 1973; Hollien et al 1973).
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Koi ke (1973) observed di fferences in t he
perturbation values for the initiations of the vowel (soft
versus breathy) and suggested that different nmechanisns are

responsi ble for the two onsets.

Shimrer in any given voice is dependent at |east
upon the nodal frequency level, the total frequency range,
and the sound pressure level relative to each individual
voi ce (Mchael and Wendahl, 1971). Ramg (1980) postul ated
that shimmer and jitter values should increased when
subjects are asked to phonate at a specific intensity,
and/or as long as possible. Wite head and Emanuel (1974)
found vocal fry productions were perceived to be relatively
rough conpared to the nodal regi ster phonat i ons and
mani fested el evated spectral noise Ilevel, conparable to
t hose associated wth sinulated abnornally rough phonations.
This is explained by Wendahl (1963, 1966) and Col eman (1969)
who indicated that when two audi ble conmplex waves manifest
equal amounts of wave aperiodicity, the wave with the higher
fundamental frequency will tend to be hear d as | east
rough. At confortable wvocal intensity and fundanenta
frequency, however, normal speakers appear to have average
jitter of 1% or less during the mddle portions of
phonation. For exanple, Jacob (1968) reported a nedi an val ue

of 6% Hollien et al (1973), Koike (1973) and Horii (1979)
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found an average jitter of about 0.5% for male adult

speakers.

Horii (1980) found a significant correl ation between
shimrer and jitter supporting the notion that simlar sets
of physical forces (such as vocal fold tension, mass |length
and subglottal pressure) underline the regulation of the
i ndi vidual fundanental period and intensity of |aryngea

sounds.

In addition, jitter and shinmmer has been applied to
the early detection of |aryngeal pathology (Lieberman 1961
1963), defined pitch perturbation as the difference in
peri ods of adjacent glottal pulse and suggested that what he
termed "the pitch perturbation factor”, that s, t he
percentage of discrete perturbation exceeding 0.5 nsec,
m ght be a useful index in detecting a nunmber of [|aryngea

di seases.

Hecker and Kruel (1971) suggested that there m ght
be, in addition to the pitch perturbation factor, a
"directional perturbation factor", which he defined as the
al gerbraic sign, or rate of progression, rather than sinply
the absolute magnitude of difference bet ween glotta
peri ods- Appl yi ng this criterion, he reported a

significantly higher "directional perturbation factor” in
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pat hol ogi ¢ speakers than those in normal speakers. The
magni t udi nal perturbation factor of Lieberman, on the other
hand, did not differentiate the two conditions. However,
Koi ke (1973) obtained |ower nean magni tude perturbation in

normal voi ces than in pathol ogic voi ces.

Koi ke (1968) showed that a relatively slow period
nodul ation of vowel anplitude was observed in patients wth
| aryngeal neoplasns. He reasoned from this t hat t he
nmeasur enment and anal ysis of such nodul ati on m ght be wusefu

in assessing |aryngeal pathol ogy.

Crystal and Jackson (1970) neasured bot h t he
fundanental frequency and anplitude perturbation of voices
in persons with varying laryngeal conditions and concluded
that several purely statistical measures of the data they
extracted mght be wuseful as guidelines in det ecti ng

| aryngeal dysfunction.

Koi ke (1973) investigated the pitch periods of voice
pr oduced by pat hol ogi c speakers, and f ound t hat
discrimnation between |aryngeal tunor and | ar yngeal -

paral ysis was possi bl e.

The perturbation factors, both directional and
magni tudi nal , during sustained vowels, are significant in
discrimnating normal talkers from those wth |aryngea

cancer (Mirry and Doherty, 1980).
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Von Leden and Koike (1970) found a significant
correlati on between subjects with various |aryngeal diseases
(Laryngitis, edemm, nyasthenia laryngis, bilateral adductor
paral ysis, wunilateral paralysis, nodule, hematoma, cyst
granul ona beni gn neopl asns, multiple papillom, intrinsic
and extrinsic carcinoma, senile, spastic and psychosomatic
dysphonia) and different types of anplitude nodul ations and
affirmed the potential value of short-term perturbations in
the acoustic signal for diagnostic purposes. Their data
suggested four different types of anplitude nodulations,

which in turn correlates with clinical groupings.

Kitajina and Gould (1976) studied the vocal shinmrer
during sustained phonation in normal subjects and patients
with |aryngeal polyps and found the values of vocal shinmer
to range from 0.04dB to 0.21dB in normals and from 0.08dB to
3.23dB in the case of vocal polyps. Al though some overlap
between the two groups was observed, they noted that the
nmeasured value may be a wuseful index in screening for
| aryngeal disorders or for diagnosis of such disorders and

differentiation between the two groups.

Sorenson, Horii and Leonard (1980) pointed out that
the average |jitter was significantly great er under
anest hesia than under normal conditions, and that the jitter

difference vias nore prom nent at high frequency phonation,
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i ndicating that high frequency phonations are nore dependent

on | aryngeal mnucosal feedback

Smth et al (1978) analyzed the voice of oesophagea
speakers and indicated that the magnitude of wvocal jitter
present in the vowels was substantially larger than that in
nor nal speakers, and speakers with | aryngeal / voca

di st ur bance.

Consi derabl e caution nust be taken in interpreting
t hese data, however, because gross changes in wave periods
(upto an octave in extent) wer e reported to be
characteristic not only of pathologic voice but also of
vocal recordings taken from adolescent boys and girls,
pr eadol escent chil dren of bot h sexes, and from
post nenarcheal females (Fairbanks et al 1949; Curry, 1940;
Duffy, 1958).

The fluctuations in frequency and intensity in a
given phonation sanple nmay indicate the physi ol ogi ca
(Neuroruscul ar) or pathological changes in t he voca
mechani sm No information regarding these two variables in
cerebral palsied children is available. Hence it was
considered that this information may be usef ul in
under standi ng the physiol ogi cal and pathol ogical conditions

of the vocal systemin cerebral palsied.
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FREQUENCY RANGE | N PHONATI ON AND SPEECH

Humans are capable of producing a w de variety of
acoustic signals. Success in decoding acoustic speech
signals assunes that the speaker wll produce (1)
accept abl e phonenes, variously sequenced or conbined (2)
changes in the use of tine, (3) changes in fundanental
frequency, and (4) changes in intensity or energy. These
four conprise the basic elenments of verbal conmunication

(Bracket, 1971) .

The patterned variations of pitch over [linguistic
units of differing length (syllables, words, phr ases,
cl auses, paragraphs), yield the critical prosodic feature,
nanely intonation (Freeman, 1982). In other words, during
speech, the fundanental frequency of phonation varies. This
range is called the speech range or the speech frequency
range (Hrano, 1981). Variations in fundanental frequency
and the extent of range use also relate to the intent of the
speaker as di scussed by Fairbanks and Pronovast (1939). More
specifically, the spread of frequency change use corresponds
to the nood of the speaker, that 1is, as skinner (1935)
reports, cheerful aninmated speech exhibits greater range use
than serious, thoughtful speech. Changes in duration and
fundanental frequency during syllable elenents of words are

basic to the nelody and rhytnm patterns unique to English.
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Stressed syllables are perceived as being higher in pitch

t han unstressed syll ables (Freeman, 1982).

Rel atively little 1is known about devel opnent a

changes in the range or variability of f undanent a

frequency. Mst of the literature on the new borne infant's

cry appears to have the capability of extending this range

appreciably in either direction. R ngel and Kl uppel (1964)

reported a range of 290-508Hz for ten infants aged 4 to 10

hours. Fairbanks (1942) observed a range of 153-188 Hz for

an infant in the first nonth of life and a range of 63-2f3Hz

for the first nine nonths of I|ife. Mdone's (1966)

investigation of children aged between one and two Vyears

revealed a total range of 16.2 tones, or about two

octaves. Van Oordt and Drost (1963) concluded froma study

of 126 children in two age groups (0 to 5 years and 6 to 16

years) that "... even in very young children the

physi ol ogi cal range of the voice has a broad, alnost 'adult

range ..." and that, the change in the frequency of the

speaking voice parallels that of the |owest reachable

physiological tone. . ." . Their data indicate that even young

children have a fundanental frequency range of two-and-one-

half to three octaves. If a conclusion is forced from these

rather limted data, it would be that the range of vcca

frequency, does not change appreciably during maturation
(Kent, 1976).
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As far as variability of fundanmental frequency is
concerned, the nobst extensive study is that of Eguchi and
Hrsh (1969), who col |l ected dat a for 84 subj ect s
representing adulthood and the age levels of 3-13 years,
at one year intervals for the vowels /i/, Ix/, lul, s/, [al
and /o/, as produced in the sentence cont exts. The
variability of fundamental frequency progressively decreased
with age until a m ninmumwas reached at about 10 to 12 years.
This is taken as an index of the accuracy of the [|aryngea
adj ustments during vowel production, then the accuracy of
control inproves continuously over a period of atleast 7 to

9 years.

The discovery that fundanental frequency variability
dimnishes with age has inportant inplications for the
guantitative investigation of speech developnment. It is not
known at what age, this apparent refinenent of contro

begins to occur (Kent, 1976). Sheppard and Lane (1968) in a

study of two infants during the first 141 days of life,
reported a rather snmall and constant variability in
fundamental frequency values. However, Prescott (1975)

di scovered snall devel opnental increases in the fundanenta
frequency variability within the first nine nonths of Iife.
Possibly, at the sane tine that a child gains control over
the accuracy of his |aryngeal adjustnents, he begins to vary

fundanmental frequency to achieve intonation-like effects. O
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course to sone degree, accuracy of adjustnent is requisite
to controlled variation. Concerning this subject, students
of infant intonation have revealed evidence that definite
patterns are established during the first year of life

(Kent, 1976).

Ceneral conclusions about the diagnostic value of
fundanental frequency wvariability are difficult to nake
because such measur ement s are hel pf ul in certain

pat hol ogi cal conditions but not in others (Kent, 1976).

Study of frequency range in cerebral palsy is few
Wt et al (1993) reported that spastic cerebral palsied
group showed poorer scores than nornal in fundanental
frequency range. Normals had a range of 25.3 (mn 167.5 Hz
to max 725.2 Hz) while spastic had a range of 13.4 (mn
221.0 Hz to max 491.6 Hz).

Warnas (1993) reported t hat cer ebr al pal si ed
children peak fundanental frequency was found to be |ower
than expected for patients age and sex. According to himthe
m ni rum fundanental frequency was 226 Hz and maxi mum

fundanental frequency is 392 Hz.

| NTENSI TY RANGE | N PHONATI ON AND SPEECH

The study of phonology also includes intensity

change or variations in energy. Increasing or decreasing
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total speech power, as discussed by Ml and Unlenbach
(1956), is one of the neans of achieving domnance of
syl l ables, words or phrases. Changes of energy signify
degrees of enotional involvenent, such as shouting when
angry. Use of intensity changes also reveals speakers

perception of physical and psychol ogi cal distance.

Danste (1970), Komyana (1972) and Coleman et a
(1977) proposed a graphic representation of the fundanmenta
frequency-intensity profile. The graph was nanmed
"phonot ogranmt’ by Danste and "Phonogranmt by Kom yama. Rauhut,
et al (1979) proposed the term "voice Area" for the
representation of maximal or minimal intensity of voice as a

function of pitch.

Coleman et al (1977) in a study of the fundanenta
frequency-sound pressure level profiles of adult males and
females, noted an increase in SPL wth an increase in
frequency up till a certain |imt, after which a decrease is
seen with further increase in frequency. Generally, nost
subj ects fundanental frequency - SPL profiles manifested a
change in both m ni num and maxi num SPL curves at 60 to 80%

fundanental frequency | evel.

According to Coleman et al. (1977), the average

intensity range of phonation (in SPL re: 0.0002 dynes/cm)
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at a single fundanental frequency is 54.8 dB for nale and

51 dB for female subjects.

Col eman and Mott (1978) found |lower SPL ranges for
femal e children (10 years to 13 years) than those for adult
femal es. Further, they observed that the nusical range, in
ternms of fundanmental frequency and SPL, is nore restricted,
that is, it lies within the boundaries of the physiologica
range. The nean physiological SPL range was found to be

159 dB, while the nean nusical SPL range was 58 dB.

Empirically, it is well known that disorders of
vocal intensity constitute one of the inportant conponents
of voice disorders. However, neasurenent of vocal intensity,
as a clinical diagnostic tool has not proved as popular as

t hat of fundanental frequency in voice clinics.

Darley et al. (1969) in a report on the speech
characteristics of dysarthric patients, reported -equal and
excess stress and nonol oudness is one of the character-
istics. In a spectrographic analysis of ataxic dysartria,
Nataraja and Indira (1982), observed equal stress in the
pat hol ogi ¢ subject, while variations in ternms of intensity
on each syllable were seen in the speech of the norna

subj ect .

Not nmuch information is available regarding the

changes in the range of intensity in cerebral palsy. darke
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and Hcops (1980) in his study on 50 cerebral palsied
children reported that cerebral palsied had a nean speech
sound pressure level of 74.24 dB (spastics had 74.1 and

athetoid had 74.5 dB).

Rsing and falling time of phonation

| mai zum et al. (1980) while investigating the
possibility of wutilizing a sound spect rography for a
mul ti di mensi onal anal ysis of pathological voices, neasured
the rising tine and falling tine of sustained vowels as two
of the paraneters, anong the nine acoustic paraneters
studied. These two paraneters were neasured on an anplitude
display. The rising tinme was defined as the tinme required
for the increase in overall anplitude from a value of 10% of
the steady |level of 90% The falling tinme was defined as the
tine span required for the decreases from 90% to 10% of the

steady | evel.

Birren (1956) in evidence of inmportance of such
neasures says, "the systematic study of age changes in speed
of response and timng appears to be one of the nost
advant ageous ways of exploring the nature of age changes in

behavi our and the aging nervous system

There are few studies on age related changes on

these paranmeters. Rashm reported a gradual decrease in rise
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time and a gradual increase in fall time in the age range
studied (4 years to 15 years). Vanaja (1986) studied these
paraneters in age range 16-65 years and reported no

signi ficant changes.

Howel | and Rosen (1983) neasured the rise tinmes of
voi cel ess affricates and fricatives, when the test materia
occurred in sentences, in isolated words and in isolated
nonsense syllables. The rise time of affricates were
significantly shorter than those of fricatives. Rise tine
varied with the type of test material and for all types of
material were significantly longer than those reported by
Gerstman (1957). They also pointed out that because rise
time varies with the type of test material, no auditory
sensitivity asingle rise tine value can be responsible for
t he perceptual distinction between voiceless affricates and

fricatives.

Many pathol ogical conditions are nore appar ent
during the transitional phases of phonation, including the
onset and the termnation of phonation and hence of speech
In this connection further extensive <clinical and basic

research is required (H rano, 1981).

No study regarding rise and fall tinme nmeasurenents
in cerebral palsy is available in Indian context. So the
present study ains at studying these two paraneters in

cerebral palsied children.
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METHODOLOGY

This study was designed to investigate the phonatory
abilities of cerebral palsied children of both sexes. It was
pl anned to obtain the follow ng paraneters by analysing the
voi ce and speech of cerebral palsied children, as these
paraneters have been reported be useful 1in differentiating
different types of voice disorders and also reflecting the

condition of various systens involved in voice production.

The paraneters were:

1. ©Maxi mum duration in phonation

2. Fundanental frequency in phonation
3. Speaking fundanental frequency

4. Speed of fluctuation in frequency of phonation
5. Extent of fluctuation in frequency of phonation
6. Speed of fluctuation in intensity of phonation
7. Extent of fluctuation in intensity of phonation
8. Frequency range in phonation

9. Intensity range in phonation

10. Frequency range in speech

11. Intensity range in speech

12. Rise tinme in phonation

13. Fall tine in phonation

SUBJECTS
A total of 15 <cerebral palsied children of both

sexes (8 males and 7 females) age ranging from 3-10 years
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were randonmy selected for the study. This included seven
spastic quadriplegic, six spastic diplegic and two athetoid
guadriplegics ranging in severity from mld-noderate.
Judgenent regarding the severity was based on the reports
provided by the Physiotherapist and Neurologist of the

cerebral palsy centre.

These subjects were examned by a qualified speech
and | anguage pathol ogi sts and considered as CP and di aghosed
as bel ongi ng to ei t her spastic di pl egi c, athetoid

qguadri pl egic or spastic quadriplegic group.

The subjects were selected from a special school and
the criteria for selection were

1. being otologically norma

2. having no associated problens i ke Vi sua
i nacuity, nental retardation, etc. at the tine of

testing.

3. having Ml ayal am as not her tongue.

4. Age ranging from3 to 10 years.

As indicated by tables M and M show ng t he
di stribution of subjects, the cerebral palsied children were
distributed in the age ranges from3 to 10 years. |In order

to match the distribution of subjects it was decided to



Nor mal s Cerebral palsied

G oup Age in years Age in years

3-4 45 56 6-7 7-8 89 9-10 3-4 45 56 67 7-8 89 09-10

Mal es 3 3 3 3 3 3 3 2 1 1 1 1 1 1
Femal es 3 3 3 3 3 3 3 1 1 1 1 1 1 1

Table M showing the distribution of subjects of both the groups in terns of age

and sex
Spastic At hetoi d
Sex
Quadri pl egi a Di pl egi a Quadriplegia D plegia
M 2 4 2 -

Tabl e M2 showi ng the distribution of subjects of cerebral
pal sy group in terns of sex and type of cerebral
pal sy

-V6 -
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i nclude subjects from3 to 10 years, in seven age groups
both males and females, thus 3 normal males and 3 nornal
femal es were included under each age group, i.e. a total of
42 subjects (21 males and 21 females). Al normal subjects
were normal in terns of speech |anguage and hearing and
attendi ng normal school. These <children were examned by

speech | anguage pathol ogi sts and consi dered nor nal .

Test Envi r onnment

Recording was carried out in a quiet room The
subj ects were seated confortably with the mcrophone at a
di stance of 6 cns fromthe nouth of the subject. Cccupants

of the test roomwere the investigator and the subject only.

| NSTRUMENTS USED
- AIWA PQ 1824 stereo tape recorder with mcrophone
- Meltrack cassettes
- VSS-12 bit AD converter with speech interface

unit and head phone/ speaker

A Pentium (Intel - 100 MHz) conputer with 8 M

ram VGA and high resolution colour nonitor.

The instrunments were arranged as shown in block

diagram (Fig. 1).

Test materi al
Maxi mum duration of sustained phonation of the

vowels /a/, /il and /u/ were recorded in order to neasure,
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nmean fundanmental frequency, frequency range, intensity
range, speed and extent of fluctuations in frequency and in
intensity, rise and fall time, and maxinum duration of
phonation. Speech material consisted of three Mlayal am
sentences "QO nam Vannu" (Chamcame), "Qu ila" (one |eaf)
and "it i a: a" (this is arat). Picture cards were used
for the description and to welicit the speech from the
subj ects. Three sanples of each sentences were considered
for analysis. The above given sentences were selected as
they were found to be within the vocabulary of children of
the age range studied and it contained all vowels of

Mal ayal am

Procedure

The data was collected in two steps.

Step I: In the first step the maxi num phonati on duration was
recorded. The subjects were instructed as foll ows:

"Take a deep breath and say /a/ as long as you can.
Do not stop and breath in between".

This was denonstrated to each subject by t he
investigator to confirm that t he i nstructions wer e
understood by the subject. Only when the investigator was
satisfied that the instructions were understood by the
subj ect, recording was done. The subjects were then asked to
phonate /i/ and /u/ in a simlar manner. Three trials of

each phonation were recorded.
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Step I'l: In the second step, speech sanples were recorded.

The subjects were instructed as foll ows.

"Now | will say a sentence about the picture in the
card. You have to repeat whatever | say". This was
denonstrated and traials were given till the investigator

was satisfied about the speech output/response.

Then the investigator uttered the sentence ("Qnam
Vannu" and the repetitions by the subject were recorded.
Bef ore recording was done, each subjects were given few
trials, so that he could repeat as soon as he is asked to do

so. Simlarly the other two sentences ("Qu ila" and "it |
an ") were recorded.

Thus for each subject, a total of 18 sanples (three
trials of each 3 vowel phonations and 3 trial of each of

three sentences) were recorded.

ANALYSI S
Tape recorded sanples were used for the analysis to

obtain the required paranmeters from phonation and speech.

1. Maxi num phonation duration of vowels

The recorded sanples of phonation of vowels were
pl ayed back, and the duration of phonation were neasured
using a stop watch. The phonation duration of all the three

trials of all three vowels /a/, /i/ and /u/ was neasured.
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The | ongest phonation duration anong the three trials was
consi dered the maxi num phonation duration, in seconds, for
each vowel for each subject. Thus the phonation duration for

each vowel for each subject of both the groups was obtai ned.

. Measurenent of fundanmental frequency of phonation
Measurenment was carried out by using the setup as

given in Fig. 1.

PC with
SIU & Pentium
Tape recorder— > A/'D converter— > 100 Mt

Fig. 1. Block diagram showi ng the arrangenent of equi pnent
used for analysis of voice and speech
The tape recorded speech sanmples were digitized at
16000 Hz sanpling frequency using a 12 bit analog to digita
convertor (ADC). |INTON programe (VSS, Bangal ore) of Vaghm

Sof tware Package was used to extract the Fo values wusing a

Penti um processor.

The phonation signal was read in blocks or frames of
40 nmsec duration each. Auto correlation technique was used
to estimate the average Fo over this block of 40 nsec.
Intensity was neasured as the RVB value in dB. Successive
bl ocks were spaced by 10 nsec. The mninmum and maxi mum
[imts for Fo neasurenent were 50 and 800 Hz. The analysis
of the voice signal yielded the followng paranmeters, by

digital display on the nonitor of the conputer
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Fundanent al frequency

2. Mean fundanental frequency

3. Fundanental frequency range

4. Speed of fluctuation in frequency
5. Extent of fluctuation in frequency

Intensity

6. Intensity range
7. Speed of fluctuation in intensity

8. Extent of fluctuation in intensity

The average of three readings was considered for
obt ai ni ng paraneters 2, 4, 5, 7, 8, 9, 12 and 13 where the
hi ghest values of the three values was considered for

paraneters 2, 6, 10 and 11.

9. Measurenent of speaking fundamental frequency

To determ ne the speaking fundanental frequency the
sane experinental set up and procedure as above was used to
digitize and analyze the speech sanples. [INITON progranme
(VSS, Bangalore) in Vaghm Software Package was wused to
extract speaking fundanental frequency. The mean fundanenta
frequency for all the three sentences were directly read on
the screen. Along with this
10. Frequency range in speech and
1. intensity range in speech were also displayed on the

screen.

The values of all the parameters were noted.
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Measurenent of rise tine and fall time of phonation

For this measurenment, phonation of three vowels were
sel ected and neasurenent carried out using the same set up
earlier. Fo |INT programme (VSS, Bangalore) in Vaghm
Sof tware Package was used to neasure the rise time and fal

time in phonation.

To nmeasure the rising tinme, the initial portion of
the phonation of the digitized vowel /a/ was processed using
the conputer programme Fo INT and the display was obtained
on the screen. Then, using the cursor, the tinme at the
beginning, i.e. 0 dB and the tinme at the starting point of
steady portion of intensity were noted. The difference (in
mlli seconds) between the two readings (fromthe beginning
of the intensity curve going up fromthe base |ine to the
begi nning of the steady portion) provided the rising tine

(Fig. 2).

The final portion of the phonation of the digitized
vowel was processed by conputer programme and the display
obtai ned on the screen. Then, using the cursor, the tine at
the end of the steady portion of intensity and the end, i.e.
where the curve nerged with the base line were noted. The
time difference (in mlli seconds) between the readings

(fromthe end of the steady portion of the intensity curve
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to the point where the intensity curve nerged with the base
line) provided the falling tine (Fig. 3). Using the above
descri bed procedure, the rising time and falling tinme for
all the three sanples /a/, /i/ and /u/ were determned for
each subject. The average of the three values was taken as
the rising time and falling tine for /a/, /i/ and /u/ for

each subject.

Thus the values for all paranmeters were obtained for
42 normal subjects and 15 cerebral palsied subjects. The
obtained values were then tabulated and subjected to
statistical analysis to determne the mean, st andard
deviation, range and significance of difference. Mann-
Waitney 'u test was used to determne the significance of

di fference between the obtai ned val ues.
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RESULTS AND DI SCUSSI ONS

The purpose of the study was to find out the
variations in acoustic and aerodynam c paranmeters in

cerebral palsied children in the age range 3-10 years.

Therefore it was necessary to

* Find out the neans, standard devi ations and range of
paraneters constituting each group

* Conpare the values obtained by normal male and femrale
subjects with cerebral palsied subjects.

* Conpare the values obtained by nornal nale and femrale
subjects with three types of cerebral palsied subjects
that 1is spastic diplegic, athetoid quadriplegic and
spastic quadriplegic, that were avail able for study.

* Conpare the values between each subtype of cerebra

pal si ed subjects.

The significance of difference between groups have

been determ ned using Mann-whitney 'U test.

A total of 13 paranetes were obtained by analyzing a
total of 57 subjects belonging to two groups, normal (42

subj ects) and cerebral palsied (15 subjects).

MVAXI MUM PHONATI ON  DURATI ON
Maxi mum phonation tine was defined as the maxi mum
time an individual could sustain phonation after a deep

i nhal ati on.
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The mean val ues, range and standard devi ati on val ues
of maxi mum phonation duration in both normal subjects and
Cerebral palsied subjects are shown in the Tables la and

b and Gaph 1I.

It was seen that (Table la) nmean MPD scores in the
normal group (12.82) were higher than the Cerebra
pal sied group (3.32) across each age groups. The range
and S.D values were also found to be higher in the

nor mal group.

On  conparison of means of scores obtained by nmales
and fermales within the normal group, fenal es were observed
to have higher MPD than mal es. A gradual increase in ©MD

val ues was seen as the age progressed.

| nspection of mean values obtained by Cer ebr al
palsied as a group on MPD reveraled that sex difference
across each age group was not significant. The range
and SD values were |ower conpared to normals.

Mann-Whitney 'U test was applied to study the
significance of difference between the groups. In the
present study, in both nmales and females, the maxinmm
phonation duration was different significantly when
normal subject were conpared wth Cerebral pal si ed

subjects (U - 0.0 Significant at 0.05 |evel)
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Hence the hypothesis stating that there I's no
significant difference between Cerebral palsied subjects
and normal subjects in maxi mum phonation duration is

rej ected.

The difference was also statistically significant
when the scores of subjects of normal group (both nales
and fenmales) were conpared to spastic diplegic Cerebra
pal sied subjects (U=0.0) athetoid quadriplegic (U=0.0)
and spastic quadri pl egic cerebral pal si ed (U=0.0

significant at 0.05 |evel).

Hence the null hypothesis stating that there is no
significant difference between spastic diplegic spastic
quadriplegic and athetoid quadriplegic when maxi mum
phonation duration was conpared with normal subjects is

rej ect ed.

Comparison of nmean values of naxinum phonation
duration bet ween spastic di pl egi c and at het oi d
quadriplegic Cerebral palsied (U=0.125) between spastic
di plegic and spastic quadriplegic (U=0.926) and between
athetoid quadriplegic and spastic quadriplegic (UW=0.077)
show that significant difference does not exist between
three sub types of cerebral palsied subjects in terns of
maxi mum phonati on duration as the subjects of all the

t hree subgroups had performed simlarly.
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The result of the present study in terns of maximum
phonation duration, both in normal nmales and fenmales are
in consonance wth earlier reports (Rashm , 1985;
Tharmar, 1991). Therefore the neasurenents nmade in the

present study are valid.

Hence the null hypothesis stating that there is no
significant difference between three types of Cerebra
pal si ed subjects; spastic diplegic, spastic quadriplegic
and athetoid quadriplegic in maxi mum phonation duration

i's accepted.

Results of this study are simlar to reports by
West | ake Rutherford (1961), Warnass (1993) and Wt et a
(1993). The reduced phonation duration reflects poor
control of the individual over phonation and |aryngea
valving nmechanism Natraja (1986) found MPD as a usefu
par anet er in differentiating bet ween nor mal and
dysphonics and also for differential diagnosis of various
types of dysphonias. In the present study also maxi num
phonation duration seens to be a wuseful paranmeter in
differentiating normal group from cerebral palsied group,
as the normal group had higher values than cerebral
pal si ed group.

FUNDAMENTAL FREQUENCY | N PHONATI ON
The fundanental frequency in phonation for all the

three vowels was analyzed as described in chapter 111,
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The results of the neasurenent are presented in table 2a,
2b and graph 2.

Table 2a depicts the nmean, SD and range of average
fundanmental frequency in phonation as shown by normals
and cerebral palsied group.

The val ues of nmean fundanmental frequency in phonation
in females (278.13) were higher than in males (259.60) in
the normal group. Across age group, in both sexes
significant difference was not seen.

| nspection of nean values obtained by cerebra
pal sied group on average fundamental frequency reveal ed
that females had higher values than males. The SD and

range were found to be higher than in nornmal group.

When the scores obtained by normal males and fenales
were conpared to the cerebral palsied group across each
age group, significant difference was not seen (0.697

significant at 0.05 |evel).

Hence the null hypothesis stating that there is no
significant difference between cerebral palsied subject
and normal subjects in fundamental frequency in phonation

IS accepted.

Statistically significant difference was not observed
when the scores of subjects of normal group (both nmales

an females) were conpared to spastic diplegic (U=0.415)
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athetoi d quadriplegic (U=0.116) and spastic quadriplegic
(U=0.053).

Hence the null hypothesis stating that there is no
significant difference between spastic diplegic, spastic
quadriplegic and athetoid quadriplegic when fundanenta
frequency i n phonation was conpared to normal subjects

i's accepted.

Conparison of nmean values of fundanmental frequency in
phonati on bet ween spastic di pl egic and athetoid
quadriplegic cerebral palsied (U=0.243) between spastic
di pl egic and spastic quadriplegic (U=0.204) and between
athetoi d quadriplegic and spastic quadriplegic (U=0.055)
showed that significant difference does not exist between
three types of cerebral palsied subjects in terns of
average fundanental frequency in phonation.

Hence the null hypothesis stating that there is no
significant difference between three types of cerebra
pal si ed subjects, spastic diplegic, athetoid quadriplegic
and spastic quadriplegic in fundanental frequency in

phonation is accepted.

The results of earlier studies (Rashm, 1985 and
Tharmar, 1991) have showmn the sanme results in nornal
males and females. So the neasurenents nmade in the

present study are valid.
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Review of literature shows no study on cerebra
pal sied population in terns of fundanmental frequency.
Hence the present study could not be conpared wth
ot hers. Wen conpared to nonral subjects it could be seen
that there was no significant difference between nor ma
subjects and cerebral palsied subject in ternms of average

fundanental frequency in phonati on.

FREQUENCY RANGE | N PHONATI ON

Tables 3a, 3b and graph 3 presents the results of
anal ysis of phonation in terns of frequency range that is
the difference between maxi mum and mni nrum fundanenta

frequency seen during the phonation of /a/, /i/ and /ul.

The inspection of Table 3 a and graph 3 show that
nean values of frequency range in phonation obtained by
femal es of normal group (21.28) were higher than nmales
(19.57) across all age group. As the age increased, a
gradual decrease in the frequency range also seen. The
SD and range values were higher for females than in
mal es.

Study of the nmean val ues obtained by cerebral palsied
group showed extreme variability within and across age
groups. The SD and range val ues were al so hi gher conpared

to normal s.
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On  conparison of mean values obtained by males and
females in the two groups, nean frequency range val ue of
cerebral pal sied subjects was higher (239.75) than the
normal subjects (20.43). The SD and range values were
al so greater for cerebral palsied subject acorss all age

gr oups.

Adm nistration of Mann-Witney 'U test to find out
the significance of difference revealed significant
difference (U=0.0) when normal subjects were conpared to
cerebral palsied subjects. Hence t he nul | hypot hesi s
stating that there IS no significant difference
bet ween cerebral palsied subjects and normal subjects in

frequency range in phonation is rejected.

The difference was also statistically significant
when the scores of subjects of normal group (both nales
and females) were conpared to spastic diplegic (UW=0.0)
athetoid quadriplegic (U=0.0) and spastic quadriplegic
(U=0.0) significant at 0.05 Ilevel). Thus the nul
hypot hesi s stating that there is no  significant
di fference bet ween spastic di pl egi c, athetoid
quadriplegic and spastic quadriplegic when frequency
range in phonation was conpared to nornmal subjects is
rej ected.

Conparison of nean values of frequency range in

phonati on bet ween spastic di pl egi c and at hetoi d
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quadri pl egic (U=0.640) and between athetoid quadriplegic
and spastic quadriplegic (U=0.120) did not show
significant difference across age groups. Si gni fi cant
di fference was seen between spastic diplegic and spastic
quadriplegic cerebral palsied subjects (U=0.007) when
their mean values of frequency range in phonation were

conpar ed.

Thus the null hypothesis stating that there is no
significant difference between three types of cerebra
pal si ed subj ects : spastic di pl egi c, at hetoi d
quadri plegic and spastic quadriplegic in frequency range

of phonation is partly accepted and partly rejected.

Measures of fundanental frequency range in nornal
subjects in Indian population were attenpted by Sreedevi
(1987) who found the values as 16.29 and 24.33 Hz for
male and females respectively. The present study showed
that cerebral pal si ed subj ects had an I ncr eased
frequency range and this could be attributed to
i nnacurate |aryngeal adjustnent duri ng phonation in
cerebral palsy subjects. These results are i n agreemnent
with results obtained by earlier investigators. Natraja
(1986) in his study found frequency range to be an
i mpor t ant par anet er for differentiating bet ween

normal s and dysphonies and also for the differentia
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diagnosis of different types of dysphonias. In the
present study frequency range was found to be wuseful in
differentiating between the two groups, i.e. cerebra

pal sy and normal s.

| NTENSI TY RANGE | N PHONATI ON
The intensity range in phonation was defined as the
di fference between the maximum and mninmum intensities in

phonati on of a vowel.

From Tabl e 4a and graph 4, it was seen that mean
values of intensity range in phonation in cerebra
pal sied subjects (18.30) were higher than that of t he
normal subjects (9.70). The SD and range val ues were al so
hi gher for cerebral palsied subjects across all age
groups. From the above table it was also seen that
femal es of normal group had higher mean, SD and range
val ues than mal es.

There was statistically significant di fference
between the intensity values shown by normal group and
cerebral palsy group (U= 0.0) (both male and fenale
subjects). Thus the null hypothesis stating that there is
no significant difference between cerebral pal si ed
subjects and nornmal subjects in terns of intensity range
in phonation is rejected.

The difference was also statistically significant

when the scores of subjects of normal group (both nales
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and fenales) were conpared with spastic diplegic(U=0.01)
athetoid quadriplegic (WU=0.0) and spastic quadriplegic
cer ebr al pal sied subjects (U=0.0). Hence the nul

hypot hesi s stating that there is no significant
di fference bet ween spastic di pl eqgi c, at het oi d
guadriplegic and spastic quadriplegic when intensity

range value were conpared to normal subjects is rejected.

Comparison of mean values of intensity range in
phonat i on bet ween spastic di pl egic and athetoid
qgquadriplegic (U=0.013) and between athetoid quadriplegic
and spastic guadri pl egi c (U=0. 002) showed t hat
statistically significant difference existed bet ween
these three groups. However, statisticaly significant
di fference was not observed when nean values of spastic
di pl egi c and spastic guadri pl egi c wer e conpar ed
(U=0.686). Thus the null hypothesis stating that there is
no significant difference between three types of cerebral
pal sied subjects: spastic diplegic, athetoid quadriplegic
and spastic quadriplegic in intensity range in phonation

is partly accepted and partly rejected.

The result of present study in ternms of intensity
range in phonation in normal males and fenmales are in
consonance with earlier investigations (Rashm, 1985 and
Tharmar, 1991). So the neasurenents nade in the present

study are valid.
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There S no st udy regar di ng t he intensity
range in cerebral palsied individual. Conparison of
cerebral palsied subject to the normal subjects of sane
age group in this study revealed that the intensity range
in cerebral palsied were greater (18.30) when conpared to
normal (9.7). This reflects the inablity of the
individual to control the voice production system This
proved that subjects of normal group could maintain a

steady phonation better than cerebral palsied group.

FUNDAMENTAL FREQUENCY | N SPEECH
The fundanental frequency in speech for all the three
sentences were analyzed and results are presented in the

Tables 5a and 5b and G aph 5.

| t was seen that (Table 5a) nean f undanent a
frequency in speech of fenmales (288.54) was greater than
in males (270.60) of the normal group across at all
ages. On conparison between the two groups, it was seen
t hat nmean val ues of frequency in speech of nornal
subj ects (280.57) were greater than that of cerebra
pal sied subjects (256.54). The SD and range values was
greater for cerebral palsied.

Mann- VWi tney "U' test revealed a statistically
significant difference between the normal group and

cerebral palsied group (U=0.0). Thus the null hypothesis



- 126-

‘dno b pais|ed |eigalad
pue [auJou Ul so|aua ) pue sa |au Ag umoys (zH ul) yoosads
ul Aousnbali] |eijuauepun) Jo san|ea abuels pue QS ‘ueau ayl BG 9 |qel
9T 99 T8 'T¢ ¥ "96¢ 96 ‘80T 0T 'vv 76 '0.¢ 9 |aua4
89 ¢/ 7€ '9¢ 98 '00¢ €T 'G¢1T €L '8Yy 89 "L€¢ 9 |gN 0T -6
80 ‘9T 99 '8 7T 'TEC 99 '9T¢ 20 'v. 60 '0¢¢ 9 [aua4
TC L€ €T 'T¢ ev 'Gq.l¢ 8G "€0T 8T '8¢ 99 'GG¢ 9 |eN 6-8
99 6T 29 V1 ¥¢ 2l2 8G '88 ¥, 21 70 "96¢ 9 |[auaS
¢ ‘8G9 29 '9¢ 9T '09¢ 76 "v0T €6 '9¢ Tv €61 9 |gN 8-,
86 '8V ¢9°'¢¢ 999 '69¢ 6 '9¢€ 9, ¥T Z8 '88¢ 9 |aua4
€€ '9¢ .G 61 TT "19¢ G€ 69 €6 '¢¢ G¢ 'G8¢ 9 |8N L-9
T9'T0T 8¢ " 6€ 96 "Z¥¢ 6. ‘€6 00 ' ¥ T6 'CT¢E 9 [auaH
G6 09T ¢8 LS 6T " T0¢C .0 98 v "G¢ 16 'TTE 9 |eN 9-G
G6 'L¢C ¢1 71 €46 '0¥¢ 6T "LE 96 '¢T 6G VTE 9 |aua4
6T €6 9T v v 09 '0v¢ M9V LT9T €T "10¢ 9 |aN G-V
29 'v21 99 'v1 89 '¢4q¢ 0L ¥2T G6 6€ 7S '9T¢ 9 |aua4
eV LT LT '6E LY 'Tv¢ 68 19 19 °¢¢ €CLTE 9 |eN ¥ -¢
dv3A
FONVH a-s NY3IN IONVH a’s NV3aN hES) NIl IOV

d3a ISvd V493430

S TWAHON




-127-

pue 9o 16a |d1ipenb ploilayie

‘s 109 [gns paIs |ed
‘0169 |d 1p

e lqa 199 9o 169 |d 1ipenb o 11seds

o11seds ul o |aua} pue

s jau  Ag uwoys

(zH u1) yooeads wu1I Aousnbai) |eijuauepun) Jo san|eA abuels pue ‘g'S ‘ueau aylL gs 9 |gel
uos tteduods o) s198lgns oN <- (-)
— — — — — — 9T 99 18 'T¢ 61 '96¢ 9 |auad
- - - 89 '¢L V€ 9¢ 98 '00¢€ - — - 9 [N 0T -6
80 9T 9GS '8 1 'T€C — — — — — — 9 [auad
— — — T¢ L€ ET°'T¢ eV 'G.l¢c — — o 9 [N 6-8
9G ‘61 29 v1 Ve ¢lc — . - - - . 9 |auaA
- - - - - ¥¢ '8¢ 29 '9¢ 9T '09¢ 9 |aN 8-,
86 '8V 29 '¢c 99 '69¢ — — — — — — 9 |ausd
- o o — o €€ '9¢ LS 61T TT "L9¢ 9 8N L-9
- — — — — — T9 'TOT 8¢ '6€ 96 "¢v¢ 9 |auad
G6 '09T 28 .S 6T 'T0C - - - - - - 9 [N 9-G
86 "LC ¢T VT €9 '06¢ — — — — — — 9 |ausd
— — — — - - ¥1 66 LL 9€ TO ‘v€C 9 |aN S-v
29 vt 99 ¥T 89 '¢9¢ — — — — — — 9 |ausd
ev LET 8G 8v 96 ‘6v¢ - - - 90 ‘89 G6 9T 79 "GE¢ 9 |eN v-€
dv3A
FONVH as NV3IN FONVH as NV3IN FONVYH as NV3IN X3as NI PV

2 B31d ™Mavnd O 11SVYdS

2 B31d MavNO d D13HLY

O ©371d 1Id O ILSVdS




-128-

stating that there is no significant difference between
cerebral pal sied subjects and nornal subj ect s in

fundanental frequency in speech is rejected.

Statistically significant difference was seen when
normal subjects were conpared wth spastic diplegic
(U=0.001) and spastic quadriplegic cerebral pal si ed
subj ect s. The difference was not statistically
significant when nean fundanmental frequency in speech of
normal were conpared to athetoid quadriplegic (U=0.861).
Hence the null hypothesis stating that there is no
significant difference between spastic diplegic, athetoid
quadriplegic and spastic quadriplegic when fundanental
frequency in speech were conpared to nornal is partly

accepted and partly rejected.

VWhen nean val ues of fundanental frequency in speech
were comapred between spastic diplegic and athetoid
guadriplegic and spastic quadriplegic, a statistically
signi ficant di fference was observed (U=0. 010 and
U=0.010). Conparison of nean values between spastic
diplegic and spastic quadriplegic showed absence of
statistically significant difference between these two
groups (U=0.525). Thus the null hypothesis stating that
there is no statistically significant difference between

three types of cerebral palsy in terns of fundanenta
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frequency in speech is partly rejected and partly

accept ed.

Results of previous investigations have shown the
sane results in normal nmales and fenales in fundamenta
frequency in speech. (Rashm, 1985 and Tharmar, 1991). So
the present study is valid.

The review of literature on fundanental frequency in
speech shows no study in cerebral palsy popul ation. Hence
the present study could not beconpared w th others.
However when conpared to normal popul ation, cerebra
pal sied group showed a difference which hel p in
differentiating between the two group.

FREQUENCY RANCE | N SPEECH

Frequency range in speech was analyzed wusing three
sentences. The nean, SD and range of frequency range in
speech for each age group in both nmales and fenales
across two groups that is normal and cerebral palsied

groups are provided in Tables 6a, 6b and G aph 6.

Tabl e 6a showed that the values of frequency range in
speech in males (133.62) were lower than those obtained
by females (126.43) in the normal group. The SD and
range values were also higher for nor mal femal e

subj ect s.
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Mean values obtained by female cerebral palsied
subjects were higher than that of male subjects. On
conparison of nean values of frequency range in speech
across two groups, it was observed that cerebral palsied
group had higher nean values than nornal group. The SD
and range of values also were higher in cerebral palsied.
Mean values of fermale cerebral palsied subjects wer e

hi gher than mal es.

On  conparison of values obtained by normal subjects
and Cerebral palsied subject, it was found that the
difference between them were statistically significant
(U=0.0). so the null hypothesis stating that there is no
statistically significant difference between Cerebra
pal sied subjects and normal subjects in frequency range

in speech is rejected.

Statistically significant difference was seen when
normal subjects were conpared wth spastic diplegic
(U=0.0) athetoid quadriplegic (U=0.0) and Spastic
quadriplegic (U=0.0). Thus the hypothesis stating that,
there is no difference between spastic diplegic, athetoid
quadriplegic and spestic quadriplegic when frequency

range in speech were conpared to normal is rejected.

Conparison of nmean values of frequency range in

speech between spastic diplegic and athetoid quadriplegic
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(U=1.0) and between athetoid quadriplegic and spastic
quadri pl egi ¢ (U=0.120) showed no significant difference.
Bet ween spastic diplegic and spastic quadriplegic, the
difference was statistically significant. (U = 0.021).
Hence the null hypothesis status that there is no
significant difference between three types of cerebra

pal sied groups is partly accepted and partly rejected.

Result of the present study is in consonance wth
earlier study (Tharmar, 1991) in normal nmale and fenale

subj ect s.

The review of literature on frequency range in speech
shows no study in cerebral palsied population. Hence
conmparison of present study with others could not be

done.

However when conpared to normal popul ation Cerebra
pal sied subjects showed a large difference due to wde
variation in frequency in each individual production.
This shows that there was a lack of laryngeal control in
this popul ation  which presents due to adequat e

neur onmuscul ar control for the production of voice.

| NTENSI TY RANGE | N SPEECH
The intensity range in speech for all the three
sentences were analyzed and results are presented in the

Tables 7a, 7b and G aph 7.
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From Table 7a it was seen that nean value of
intensity range in speech did not show sex difference
across both groups. Conparison of nean val ues of Cerebra
pal sied group and normal group showed a greater nean
value for Cerebral palsied group. The S D and range

values also showed a greater value for Cerebral palsied

gr oup.

Statistically significant difference was seen when
the mean value of intensity range of speech of Cerebra
pal sied children were conpared to normal group. (U=0.0).
Thus the null hypothesis stating that there is no
statistically significant difference between Cerebra
pal sied subjects and normal subjects in intensity range

in speech is rejected, both in caseof nmales and fenal es.

There was statistically signi ficant di fference
between the intensity range val ues shown by both nale and
female subjects of normal and spastic diplegic (U=0.0)
and between normal and spastic quadriplegic Cerebra
pal sied subjects (U=0.011) statistically significant
difference was not observed when athetoid quadriplegic

subj ects conpared with normal subjects.

Thus the null hypothesis stating that there is no

significant difference between spastic diplegic, athetoid
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quadriplegic and spastic quadriplegic when intensity
range in speech were conpared to normal is partly

rejected and partly accepted, i.e.

Conparison of nmean values of intensity range in
speech between spastic diplegic and athetoid quadriplegic
showed a statistically significant difference (U=0.029).
statistically significant difference was not seen when
spastic diplegic were conpared to spastic quadriplegic
(U=0.145) and on conparison of athetoid quadriplegic to

spastic quadriplegic (U=0.147).

Hence the null hypothesis stating that there is no
significant difference between three types of Cerebra

pal sied group is partly accepted and partly rejected.

Result of the present study in terns of intensity
range in speech, both in nmnales and females are in
consonance wth wearlier studies (Rashm, 1985 and
Tharmar, 1991). So the neasurenents nmade in the present

study are valid.

There is no simlar study regarding the intensity
range in speech in Cerebral pal si ed I ndi vi dual
conmpari son of Cerebral palsied subjects wth nornal
groups in the present study revealed that Cerebra

pal sied group had higher intensity range value indicating
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their inability to control the voice production system

and to nmaintain a steady phonati on.

Thus this paraneter seens to be a wuseful paraneter

in differentiating normals from Cerebral palsied group.

EXTENT OF FLUCTUATI ON IN FREQUENCY OF PHONATI ON

The extent of fluctuation in frequency of phonation
for all three vowels was anal yzed as described in Chapter
3. The results of the measurenent are presented in the

Table 8a, 8b and G aph 8.

From the inspection of Table 8a it was evident that
females of the normal group (8.08) had higher nean
values than the males (7.33). The S.D. and range value
were higher for females. A gradual I ncrease in the
mean value of extent of fluctuation in frequency was
seen as the age increased.

Comparison of nean values obtained by Cerebra
pal sied group with that of normal group revealed that the
nmean value of Cerebral palsied group was greater then
that of normal group. Individual variation was found to
be wider in case of Cerebral palsied group when conpared

to normal. The S.D. range val ues were al so greater.

Significant difference was seen between normal group

and Cerebral palsied group when nean val ue of extent of
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fluctuation in frequency were conpared (U=0.0). Thus the
null hypothesis stating that there is no significant
di fference between Cerebral palsied subjects and norma
subjects (both mal es and fenales) in extent of
fluctuation in frequency is rejected.

The difference was also statistically significant
when the scores of subjects of normal group (both nales
and females) were conpared to spastic diplegia (U=0.0),
athetoi d quadriplegic (U=0.001) and Spastic quadriplegia
(U=0.0).

Thus the null hypothesis stating that there is no
significant difference between spastic diplegia, athetoid
gquadriplegic and spastic quadriplegia when extent of
fluctuation in frequency was conpared to nornmal subjects

is rejected.

Conmparison of mean values of extent of fluctuation in
frequency bet ween spastic di pl egi a and at het oi d
quadriplegia (U=0.02) showed a statistically significant
difference. Conparison of nmean values between spastic
diplegia and spastic quadriplegia and between athetoid
quadriplegia and spastic quadripl egia showed absence of
statistically significant difference bet ween t hese

groups, both in case of males as well as females.
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So the null hypothesis stating that there is no
di fference between three types of Cerebral palsied group

is partially accepted and partially rejected.

Rashm (1985) reported the same results in extent of
fluctuation in both male and fenmale subjects. So the

measurenments made in the present study are valid.

The anal ysis of extent of fluctuation in frequency is
helpful in differentiating the normal and dysphonics
(Natraja, 1988 and Kim 1982). There is no simlar study
in Cerebral palsied population to conpare the data
obtained here. However when conpared to normal subjects
of sonme age group, wde variability in the score in
Cerebral pal sied population is seen, indicating the |ack

of ability of the subject to control voice.

SPEED OF FLUCTUATI ON I N FREQUENCY OF PHONATI ON

This paraneter has been considered as a gross neasure
of jitter (Nataraj, 1987). The analysis of speed of
fluctuation in frequency of phonation has been found to
be hel pful in differential diagnosis of nor mal and
dysphonics (Kim 1982 and Natraja, 1988)

The nean, S.D. and range values of this paraneter

are shown in Tables 9a, 9b and G aph 9. 9a.

Study of Table 9a showed that the nmean value of

of fluctuation in frequency of phonation in norna
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females (11.20) were greater than males (8.87) across
each age group S.D. values were greater in males were as
range value was greater in fenmales. Across the Cerebra
pal sied group nean values showed w de i ndi vi dua
variability. The nmean values of Cerebral palsied subjects
were considerably greater than that seen in nornma
subjects. The S.D. and range values were also greater in
Cerebral palsied group. The val ues of speed of
fluctuation in frequency in fenmales were higher than
mal es in Cerebral palsied group.

On conparison of neans of the scores obtained by
mal es and fenales of normal group and Cerebral palsied
group, a statistically significant difference was
observed (U=0.0). Thus the null hypothesis stating that,

there is no significant difference between Cerebra

pal si ed subj ect s and nor mal subjects (males and
females) in speed of fluctuation in frequency is
rej ect ed.

The difference was also statistically significant,
when the scores of subjects of normal group were
conpared spastic diplegia (U=0.0), athetoid quadriplegia
(U=0.0) and spastic quadriplegia (U=0.0).

Hence the null hypothesis stating that there is no
significant difference between spastic diplegia, athetoid

quadriplegia and spastic quadriplegia when speed of
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fluctuation of frequency in phonation was conpared to

normal subjects is rejected, in both nmales and fenales.

Statistically significant difference was not observed
bet ween spastic diplegia and athetoid quadri pl egi a
(U=0.129), between athetoid quadriplegia and spastic
quadriplegia (U=0.062) and between spastic diplegia and

spastic quadri pl egi a.

So the null hypothesis stating that there is no
significant difference between three types of Cerebra

pal sied groups is accepted.

Nataraja (1986) studied normal and dysphonics on
several paraneters of which speed of fluctuation in
frequency of phonation was one. He reported that this
parameter was able to differentiate normal and dysphonic

in both nales and fenal es.

Result of the present study in terns of speed of
fluctuation, both in normal nmales and females are in
consonance with earlier reports (Rashm, 1985). So the

measurenents nmade in present study are valid.

Review of literature on speed of fluctuation in
frequency shows no study in Cerebral palsied population.

Wen the Cerebral palsied subjects were conpared to
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normal group of sonme age range a large difference is
seen. This speed of fluctuation in frequency of phonation
is found to be an inportant paraneter in differentiating

normal from Cerebral palsied group.

EXTENT OF FLUCTUATI ON I N INTENSITY OF PHONATI ON
The mean, S.D. and range value of extent of
fluctuation in intensity for phonation of (a), (i) and

(u) are shown in Tables 10a, 10b and G aph 10.

Fromthe study of Table 10a, it was revealed, that the
mean values of extent of fluctuation in intensity for
phonation (a), (i) and (u) observed is fermales (3.52)
were higher than that of males (3.47) of normal group
The S.D. values were higher for fenales.

Conmparison of nean of scores obtained by nmenbers of
Cerebral palsied group and normal group, it was seen that
normal group had a |ower nean values than the Cerebra
pal sied group. Statistically significant difference was
seen between normal group and Cerebral palsied group

across the different age group (U=0.0).

Hence the null hypothesis stating that there is no
significant difference between Cerebral palsied subjects
and normal subject, both nmales and females, in extent of

fluctuation of intensity in phonation is rejected.
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The difference were also statistically significant
when normal subject were conpared with spastic diplegia
(U=0.02) athetoid quadriplegia (U=0.039) and spastic
quadriplegia (U=0.042). Thus the null hypothesis stating
that there is no significant difference between spastic
di pl egia, athetoid quadriplegia and spastic quadriplegia
when extent of fluctuation of intensity in phonation were
compared to normal is rejected in males as well as
femal es.

Conparison of mean values of extent of fluctuation of
intensity in phonation between spastic diplegia and
athetoid quadriplegia (U=0.087) between spastic diplegia
and athetoid quadriplegia (U=0.628) and between athetoid
quadriplegia and spastic quadriplegia (U=0.087) showed
the absence of statistically significant di fference

bet ween these groups, both males and femal es.

So the null hypothesis stating that there is no
significant difference between three types of Cerebral
pal si ed in extent of fluctuation of intensity in

phonation is accepted.

The results of earlier study (Rashm, 1985) has shown

simlar results in normal males and femal es.

This parameter with a simlar definition has not

been studied in children and in Cerebral palsied palsied
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popul ation. Natraja (1986) found extent of fluctuation in
intensity to be a wvalid paraneter for differentia
di agnosis of dysphonias and for differentiating between
normal and pathol ogi cal cases. The present study also
found extent of fluctuation in intensity as an inportant
paraneter differentiating between normal and Cerebra
pal sied groups. The present finding that extent of
fluctuation in intensity was high in case of Cerebra
pal sied group reflect the inability of the individual to
control voice production systens. Therefore it was
considered that extent of fluctuation in intensity would

be a useful neasures in assessing voice.

SPEED OF FLUCTUATION IN INTENSITY OF PHONATI ON
The speed of fluctuation in intensity of phonation
for three vowels (a), (i) and (u) was analyzed and the

results are presented in the table 11a, 11b and graph 11.
It could be seen fromthe table Ila that anong the

subjects of normal group, nmales has higher nean values
(1.67) than females (1.39). The S D. and range values
were higher for females across each age group. Man
val ues of Cerebral palsied gr oup showed greater

variability across age groups.

On conparison of nean values of speed of fluctuation

in intensity of phonation between normal group and
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Cerebral palsied group, it was seen that Cerebral palsied
group has higher values, the S.D. and range values were
also higher for Cerebral palsied group. Statistically
significant difference was seen between these groups

(U=0.0).

Thus the null hypothesis stating that there is no
siginificant difference between Cerebral palsied subjects
and normal subjects is speed of fluctuation in intensity
in phonation is rejected, both wth regard to nmales and

f emal es.

Statistically significant difference was seen when
normal subjects were conpared wth spastic diplegia
(U=0.0) at hetoi d qguadriplegia (U 00) and spastic
guadriplegia (W=0.0) Cerebral palsied subjects. so the
null hypothesis stating that there is no significant
di fference bet ween spastic di pl egi a, at hetoi d
guadriplegia and spastic quadriplegia when speed of
fluctuation in intensity in phonation were conpared to

normal is rejected.

When nean val ues of speed of fluctuation in intensity
in phonation were conpared between spastic diplegia and
athetoid quadriplegia (U=0.029) and between athetoid

guadri pl egi a and spastic quadriplegia (U=0.007), a
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statistically significant difference was obser ved.
Statistically significant difference was not seen when
nmean values of spastic diplegia where conpared wth

spastic quadriplegia Cerebral palsied subjects.

Hence the null hypothesis stating that there is no
statistically significant difference between three types
of Cerebral palsied subjects of both the sexes in speed
of fluctuation in intensity in phonation is partly

rejected and partly accepted.

The results of the present study in terns of speed of
fluctuation in intensity in phonation. So the in nornma
mal es and fenmales are in consonance with earlier reports
(Rashm , 1985; Nataraja, 1986; Tharmar, 1991). Therefore

measurenments made in the present study are valid.

No investigation with simlar definition has been
carried out to study variation in Cerebral palsied
popul ation. Natraja (1988) had carried out a study to
differentiate nornal and dysphonics. This paraneter
shows change wth age indicating neuronuscular activity
of the laryngeal system

Conpari son of Cerebral palsied population with norma
group in the present study showed a higher value for

Cerebral palsied group. This paraneter shows contro
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exerci sed by subject in his/her voice and thus helping in

differentiating between normal and Cerebral pal si ed

gr oup.
RISE TI ME | N PHONATI ON

The rise time in phonation for three vowels (a), (i)
and (u) were analysed and the results are presented in

Tabl es 12a, 12b and G aph 12.

From Table 12a, it was seen that nean values of rise
time in phonation in Cerebral palsied subjects we [|ower
(71.37 nsec) than that of normal subjects (99.17 nsec).
The S.D. and range values of Cerebral palsied subjects
were greater than normal group. G eater i ndi vi dua
variability was seen across age groups in Cerebra
pal sied subjects. A statistically significant difference
was seen when Cerebral palsied subjects were conpared to
normal subjects to same age group (U=0.0). Thus the nul
hypot hesi s stating that there s no significant
difference between Cerebral palsied subjects and nornal
subj ects both nmales and females in rise time in phonation

is rejected.

Statistically significant difference was also seen
when scores of subjects of normal group were conpared to
spastic diplegic (U=0.0), athetoid quadriplegia (U=0.001)

and spastic quadriplegia cerebral palsied group (U=0.0).
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So the null hypothesis stating that there is no
significant difference between spastic diplegia, athetoid
quadriplegia and spastic quadriplegia when rise tine is

phonati on were conpared to normal subjects is rejected.

Conparison of nean values of rise time in phonation
bet ween spastic diplegic and athetoid quadri pl egi c
(U=0.648) and between athetoid quadriplegic and spastic
quadri plegic (U=0.213) showed no significant difference
conparison of nean values of spastic diplegic and spastic
quadri pl egi c Cer ebr al pal si ed subj ects showed

statistically significant difference (U=0.028).

Hence the null hypothesis stating that there is no
significant difference between three types of Cerebra
pal sied group both nmales and females in rise tine in

phonation is partly accepted and partly rejected.

Earlier investigation in normal male and fenale
subjects (Rashm, 1985; Tharmar, 1991) has reported the
sanme results. So the neasurenents nmade in the present

study are valid.

Review of literature on rise tine is phonation shows
no study in Cerebral palsied popul ation. \Wen scores were
conpared to normal popul ation of same age group, Cerebra

pal sied subjects showed a |esser value. This may indicate
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the abrupt onset of phonation and inability to sustain

phonation as is seen in Cerebral palsied population.

FALL TIME I N PHONATI ON

The nean, S.D. and range values of fall time in
phonation for vowels (a), (i) and (u) are represented in
Tabl es 13a, 13b and Graph 13.

Table 13a clearly shows that fenales of normal group
had higher nmean values in fall time in phonation across
age groups. On conparison of Cerebral palsied group to
normal group it was found that Cerebral palsied group had
a |ower mean values (74.57 nsec) than normal group (93.85
msec). The S.D. and range values were nore in Cerebra
pal sied group and greater variability of scores across

age groups can be seen.

Significant difference was seen when nean val ues of
fall time in phonation of Cerebral palsied subjects were
conpared with normal group (U=0.0) so the null hypothesis
stating that there is no significant difference between
Cerebral palsied subjects and normal subjects (both
mal es and fermales) in fall time in phonation is rejected.

Statistically significant difference was seen when
scores of subjects of normal group (both nales and
femal es) were conpared to spastic diplegia (U=0. 0)
spastic quadriplegia (U=0.0) and athetoid quadriplegia
(U=0.002) Cerebral palsied group.
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Hence the null hypothesis stating that there is no
significant difference betwen spastic diplegic, athetoid
guadriplegia and spastic quadriplegia when fall tinme in

phonation was conpared to normal subjects is rejected.

Conparison of nean values of fall tinme in phonation
bet ween spastic diplegic and athetoid guadri pl egi c
(U=0.672), bet ween spastic di pl egi c and spastic
guadriplegic (UW=0.972) and between athetoid quadriplegic
and spastic quadriplegic (U=0.593) Cerebral pal si ed

group showed no significant difference.

Hence the null hypothesis stating that there is no
significant difference between three types of Cerebra

pal sied sujects in fall tine in phonation is accepted.

Results of earlier studies on fall tinme in phonation
(Rashm , 1985; Tharmar, 1991) has shown the sanme results.

So the neasurenents nmade in the present study are valid.

Review of literature on fall tinme in phonation shows
no study in Cerebral palsied population. Hence the
present study cannot be conpared with others. However
when conpared to normal popul ation, Cerebral pal si ed
group showed a lesser value in fall tine in phonation. so

in the present study it was found that fall tine in
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phonation is an inportant paraneter in differentiating

Cerebral pal sied subjects from normal subjects.

Thus the findings of the present study indicated
that, the follow ng paraneters | i ke maxi num duration of
phonation, speaking fundanental frequency, frequency
range in phonation and speech, intensity range in
phonatino and speec, intensity range in phonation and
speech, extent and speed of fluctuation in frequency and
intensity rise tine and full tinme in phonation will help
in differentiating cerebral pal si ed children from

nor mal s.
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SUMVARY AND CONCLUSI ON

Speech is a conplex activity involving vari ous
muscles of respiration, phonation, articulation and
resonation. The end product of this neur onmuscul ar
activity is an acoustic signal 1is speech. Voice is
considered as nultidinmensional series of measur abl e
events. Many have suggested various neans of analyzing
voice to note the factors that are responsible for
creating an inpression of a particular voice and to
determ ne the underlying nmechanism (M cheal and Wndahl,
1971; Jayaram 1975; Hanson and Laver 1981; Herano 1981,
Kel ness, 1981; Perkins, 1971; Enmerick and Hattress,
1979) .

The objective of the present study was to find out
phonatory abilities of cerebral palsied children of both

sexes across age groups (3-10 years).

I n t he present study the foll owi ng thirteen
par aneters whi ch wer e earlier recomended by
investigators. (Herano, 1981; M chel and Wendahl, 1971,
| mai zum et al. 1980; Kimet al. 1982, Natraj, 1986:)
wer e considered to find out the possibilities of
differentiating cerebral palsied subjects from nornal

popul ati on.
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1. The maxi mum phonati on duration of vowels.

2. The fundanental frequency of phonati on.

3. The speaking fundanental frequency.

4. Speech of fluctuation in frequency of phonation.
5. Extent of fluctuation in frequency of phonation
6. Frequency range in phonation

7. Frequency range in speech

8. Speed of fluctation in intensity of phonation

9. Extent of fluctuation in intensity of phonati on.
10. Intensity range in phonation

11. Intensity range in speech

12. Rise time in phonation

13. Fall time in phonation

Al  the 13 parameters wereneasured in a group of 57
subjects: 42 normal subjects (21 males and 21 fenales)
and 15 Cerebral palsied subjects (8 nale and 7 fenuale)
consisting of 7 spastic quadriplegic (2 males and 5
femal es) 6 spastic diplegic (4 males and 2 fermal es) and 2
athetoid quadriplegics (2 males) ranging in severity from

mld to noderate.

Data on maxi numduration (a), (i) and (u) along wth
repetition of three malayalam sentences "0:nam Vannu",

"Qu ila" and "it eli a :n " were recorded.
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The duration of vowels were neasured using a stop
wat ch, the longest of which was considered as the nmaxi num

phonati on durati on.

These sanples were digitized by using ADC and fed to
conmputer (PGwith 100 MHz pentium processor. | NTON
programe (VSS, Bangalore) in Vaghm Software package was

used to extract the paraneters.

The results obtained were subjected to statistical
anal ysi s to determne the nean, S D range and
significant of difference using the conputer program SPSS
for Wndows (Version 6) Mann-whitney "U' test was applied

to know the significance of differences.

Analysis of the results of both normal and Cerebral
pal sied group wusing SPSS programme indicated that the
fol |l ow ng twel ve paranters differentiated Cer ebra

pal sied from nornmal .

Maxi num dur ati on of phonation

Speaki ng fundanental frequency

Speed of fluctuation in frequency of phonation
Extent of fluctuation in frequency of phonation
Speed of fluctuation in intensity of phonation

Extent of fluctuation in intensity of phonation

N oo gk~ w NoF

Frequency range in phonation
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8. Intensity range in phonation
9. Frequency range in speech
10. Intensity range in speech
11. Risetine in phonation

12. Fall time in phoantion.

CONCLUSI ON :

1. 12 paraneters out of 13 studied were wuseful in
differentiating between normal and Cerebral palsied
gr oup.

2. Normal and Cerebral palsied voice can be defined in
ternms of these paraneters.

3. Across three types of Cerebral palsied subjects ie.
spastic diplegia, spastic quadriplegia and athetoid

quadriplegic large inter subject variability is seen.

RECOMIVENDATI ON
1. Investigations I nvol vi ng nor e subj ects of

different types of cerebral palsies.

2. lInvestigations considering other parameters of

voi ce, speech(segnental and supra segnental).

3. Attenpt to use the present findings in providing

therapy to cerebral palsy are recomended.
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APPENDI X- A

DEFI NI TI ONS
1. Maximum Phonation Duration (MPD): Maxi num phonation
duration has been defined as the naxi num duration for which

an individual can sustain phonation.

2. Fundanental Frequency in Phonation (PFF): It is defined
as the nean frequency of the steady portion of phonation as

di spl ayed on the pitch anal yser.

3. Fundanental Frequency in Speech (SFF): Fundanent a
frequency in speech is defined as the nmean frequency of

speech stinmuli displayed.

4. Extent of fluctuation in fundanmental frequency in
phonation (PFx): It is defined as the rmeans of
fluctuations in fundanmental frequency in a phonation of one
second.
Fluctuation in frequency was defined as wvariation

+/ - and beyond in fundanmental frequency.

5. Speed of fluctuation in fundanental frequency in

phonation (PFS): The speed of fluctuation in frequency
is defined as the nunber of fluctuations in fundanenta
frequency in fundanental frequency in a phonation of one

second.
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6. Extent of fluctuation in intensity in phonation (PIX):
The extent of fluctuation in intensity was defined as the
mean of fluctuations in intensity in a phonation of one
second.

Fluctuation in intensity was defined as variations

+/- 3 dB and beyond in intensity.

7. Speed of fluctuation in intensity in phonation (PIS): The
speed of fluctuation in intensity was defined as the nunber

of fluctuations in intensity in a phonation of one second.

8. Frequency range in phonation (PFR): The frequency range
in phonation was defined as the difference between the

maxi mum and m ni nrum fundanental frequency in phonation.

9. Intensity range in phonation (PIR): The intensity range
in phonation was defined as the difference between maxi num

and mnimum intensities in phonation.

10. Frequency range in speech (SFR): The frequency range in
speech was defined as the difference between the maxi num and

m ni nrum fundamental frequency in speech.

11. Intensity range in speech (SIR): The intensity range in
speech was defined as the difference between the maxi num and

m nimum intensities in speech.

12. Rising time in phonation (PRT): The rising tine in

phonation was defined as the tinme required for an increase
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in intensity fromO dB to the beginning of the steady |evel

of the intensity in the initial portion of the phonation.

13. Falling time in phonation (PFT): The falling time in
phonation was defined as the tine required for the intensity
to decrease fromthe steady level to O dB in the fina

portion of the phonation.



