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| NTRODUCTI ON

During the thirties, forties and early fifties the
adventure novies were acquainted with the dramatic nonent,
when, in the presence of the assenbled court, the king
declares with anger, "Take himthither ! Tear out his tongue
", The poor nessenger who brought the news of the |ost
battle is then dragged fromthe roomto be forever silenced.
This has been perhaps the long tradition of silencing the
i ndi vidual through tongue renoval which has contributed to
the lack of creative research and clinical endeavor with the

gl ossect onee.

Tongue is the nost inportant and nost active of the
articulators and it occupies the nmmjor area of the floor of
t he nout h. It consists of two parts, the body and the root.
The tongue is not only the nobst inportant organ in the
perception of the gustatory sensation but also has a
significant notor part in the nechanism of mastication and
deglutition. These activities of the tongue are described as
primary. Geat flexibility and nobility of that organ play a
role in the secondary function, that is in articualtion of
consonant s and vowels either lingual or palatal. It

functions to nodify the shape of the oral cavity and thus



the resonance characteristics of the oral and associated
cavities. The tongue also acts as a valve to either inhibit
or stop the flow of air and in conjunction wth the teeth,
al veol ar process, and palate, may act as a noi se generator

At tinmes, it functions both as noise generator and a nodifier
of the laryngeal tone, as in the production of voiced

consonants.

Hence, the tongue is a very remarkable structure, able
to assune many different configurations and positions in

anazingly rapid sequences.

Hard castle (1976) lists seven articulatory paraneters
which can account for the w de range of tongue positions and
configurations during speech. The paraneters are as

foll ows:

a. Horizontal forward - backward novenent of the tongue body
-> for | ow back vowel s.

b. Vertical upward - downward novenent of the tongue body ->
for central vowels and for palatal consonants.

c. Horizontal forward - backward novenent of the tip blade ->
inmportant in retroflex articulations.

d. Vertical upward - downward novenent of the tip blade ->

used i n productionof /i/, /t/, In/ and /s/.



e. Transverse cross - sectional configuration of tongue body,
convex - concave in relation to palate -> wused in
production of /t/.

f. Transverse cross secti onal configuration ext endi ng
t hroughout the whole length of the tongue, particularly
the tip and bl ade - degree of central grooving -> used in
production of /s/.

g. Surface plane of the tongue dorsum - spread or tapered ->

used in production of /t/ /s/ /1 /il and /e/.

Therefore tongue is believed to be one of t he nost

inmportant articulatory organs (Brodnitz, 1960).

The American Cancer Society in its cancer Facts and
Figures (1971) stated that five percent of all cancers occur
in the oral cavity and carcinoma of the tongue is ranked as
the second nost frequent form of oral cancer. Chronic
inflammatory conditions such as syphilitic glossitis and
stomatitis seem to be predisposing to cancer. Long standing
trauma to the oral nucosa by sharp, defective teeth or ill
fitting dentures is also considered by some authorities to be
a contributing cause of oral cancer. Primary cancer of the
tongue is the nost frequently nmet malignant neoplasm of the
oral cavity. Most tongue cancers appear on the lateral

surface although they arise on the superior or inferior



surfaces. The nost posterior the lesion, the nore nmalignant
it becones. It may be the ulcerative infiltrating type or
the fungating, papillary type of |esion. A third type of
mal i gnant | esion, the fissure type, may occur at the junction

of the lateral base of the tongue and the anterior tonsilar

pillar.

Anmong the Benign tunors of the tongue , the ones nost
frequently observed are neuronma, fibroma and |i pona. These
tunors, if not of a critical size, do not affect the
articulation of speech sounds. Li kew se, the tongue goitre
does not inpede articulation: it can only influence the sound
of speech. Direct injuries of the tongue are nmet quite often
during wartine: during periods of peace these lesions are the
consequences of accidents (eg. electrocutting in children) or
surgical treatnents for malignant tunors. Jeppsson et al
(1975) reported anong 177 patients with malignant tunors of
the oral <cavity, Ilingual neoplasns were noted in 54% of
cases. Cancer of the tongue is also the nost frequent anong
ot her neoplasns of that organ and it occurs three tines nore

often in nmen than i n wonen.

For patients wth cancer of tongue, the operative
approach is the only nethod of treatnment with a appreciable

three year survival rate (Donaldson et al, 1968). Thi s



surgery is called the "glossectony” and the person who
undergoes gl ossectony is called "a gl ossectonee". A large
proportion of the glossectonee population have additional
surgical alteration such as hem mandi bul ect omy. Sone are
al so | aryngect onees. The skills of nodern plastic surgery
have extended the |ife span of nmany cancer patients. As a
result, an increasing nunber of persons who have | ost
portions of the nmechanisnms for nastication, deglutition,
phonation and articulation are left with consequent severe
disabilities. Lar yngect ony causes | oss of voi ce.

A ossectony prevents normal articulation of the speech

sounds. If a portion of the jaw is renoved, additional
dental and mandi bul ar probl ens ensure. Mandi bul ar excur si on
and | abi al novement may be [imted. Dysphagia or

regurgitation may occur. The palate is often included in the
resection or suffers scarring contraction or loss of soft
palate nmotility. Hyper rhinolalia will distort any existing

speech, so that intelligibility will be negligible.

A patient with total glossectony may present two primary

rehabilitative problenms, nanely,

a. Eating and swal | ow ng

b. Speech



Wth no tongue to manipulate and direct substances in
the oral cavity, managenent of food and protection of airway
are | eopardized. Drooling of saliva from the nmouth is a

common problem with considerable psychol ogical and social

dr awbacks. Drooling is nore of a problem when only part of
the tongue 1is renoved. The total gl ossoctonee rarely
drools, although he will tend unavoidably to spit saliva as

he tries to talk.

Vowel s, sem vowels and lingual consonants are the
speech segnments nost seriously affected by a glossectony
procedure, though acoustic characteristics of all speech

sounds may be influenced by the altered vocal tract.

Principally because the speech distortions consequent to

t ot al tongue excision have been largely regarded as
irreversibl e, little has been done to assist speech
rehabilitation of t ot al gl ossect onees. However speech

rehabilitation may be started prior to the renoval of the
tracheostony tube, per haps as early as the tenth
postoperative day and continue until the speech pathol ogi st

believe the patient has achieved his best possible speech.

Speech may be inproved by adopting conpensatory
articulatory techniques (Skelly et al 1971). | nst ances of

persons devel opi ng reasonably intelligible speech follow ng



renmoval of part or all of the tongue cast serious doubt upon
the notion that the tongue is indispensible and that w thout

it speech would be virtually inpossible.

Froeschel s (1933) cited cases of gl ossect om zed
i ndividuals who were able to regain satisfactory speech. He
indicated that this was possible because of nuscular
contractions of the tongue stunp as well as the devel opnent

of conpensatory novenents by the remaining structures.

To understand the speech sounds of a |anguage it is
necessary to |learn about the articulatory and acoustic nature

of the speech sounds. The speech sounds are percieved by the

human being as an acoustic event. These acoustic events are
the consequence of articulatory novenents. The study of
acoustic characteristic of speech sounds  wi || gi ve

informati on about the articulatory nature of the sound and

al so how t hese sounds are percieved. (Picket 1980).

Acoustic analysis of speech sounds provides information
about the source characteristic of fundanental frequency
(FO), intenstity etc., Filter characteristics |like formnt
frequency, f onnant bandwi dth etc., and the tenporal
characteristics |like vowel duration, cl osure duration etc.,

apart from spectral characteristics.



AlM OF THE STUDY

The aim of the study was to conpare acoustic and
tenporal aspects of glossectonee speech with the nornma
speech and to note the difference between the two to consider

the clinical inplications.

HYPOTHESI S:

The follow ng hypothesis were proposed for the study.

1. There is no significant difference bet ween gl osect onee

speakers to that of normal speakers in terras of:

a. Total word duration

b. Vowel duration

c. Cosure duration

d. Voice onset tine

e. Burst duration

f. Burst frequency

g. Formant frequencies of vowels,

h. Bandw dt h.

2. There is no significant perceptual difference between the

gl ossect onee speech and normal speakers.



The present study ained at conparing the gl ossectonee
speech and normal speech at word level to determne the
simlarities and differences between the two. The paraneters

studi ed wer e,

- Formant frequencies (Fl, F2, F3)
- Bandwidth (BlI, B2, B3)

- Burst frequency

- Vowel duration

- Closure duration

- voice onset tinme

- Burst duration

- Total word duration

- Acceptability and intelligibility

Ten Malayalam (Five normals and Five glossectcnee)
speakers participated in the study. The subjects were
instructed to produce twenty six words followed by a carrier
phr ase. They were also instructed to read a standard

Mal ayal am passage.

The speech sanples were recorded in a sound treated
room Recordings were nade on hi-bias nmetal cassettes, using
a professional stereo cassette deck (Ahuja) and a AKG - D 222

dynam c cardioid mcrophone with a flat frequency response
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from 50-15,000 Hz. The mcrophone to nmouth distance was

approximately 10 cm for all the subjects.

For analysing the data, tape deck, antialiasing filter,
A-DD A converter, PC, anplifier, speaker and a software

devel oped by voi ce speech system Bangal ore was used.

LI M TATI ONS

1. The nunber of gl ossectony subjects were limted to five.
2. Gender as a variable was not controlled.

3. Type of surgery was not controll ed.

| MPLI CATI ONS

-> Better understanding of speech of glossectonees in an
| ndi an | anguage i.e., Ml ayal am
-> It gives data regarding the acoustical characteristics of

speech of gl ossect onees.
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REVI EW OF LI TERATURE

"One form of conmmunication which people use nost
effectively in i nt er-personal relationship is speech.
Through it, human beings give out their innernost thought,
their dreans, anbitions, sorrows and | oys. Wt hout speech,
they are reduced to aninal noises and wunintelligible
gestures. In real sense, speech is the key to human
exi st ence. It bridges the differences and helps to give

meani ng and purpose to their lives." (Fischer, 1975).

"Human being is a social animal with higher cognitive
and synbolic processing capabilities. These uni gue
capabilities of human being were possible because of his
ability to communicate effectively and efficiently". (Dance

and Larson, 1972).

Travis (1971) defines comrunication as the process by
which the individual interacts wth his or her environnment
and with hinself or herself. In the process of communication
the individual relates and exchanges experiences, ideas,
knowl edge and feelings wth others through synbols and
transmts those synbols either through acoustical or through
vi sual nodes. For conmuni cation, human beings use several

synbolic systens, eg., speech, sign |anguage, writing,
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singing, norse code == = etc., speech is one of the nost

commonly used and efficient nodes of conmunications.

Ski nner and Shelton (1978) define speech as the process

of encoding a linguistic nessage by producing coded vocal
patterns which carry the neaning. It is well known that no
one definition can enconpass all aspects of "speech”
conpl etel y.

According to Fant (1960) "Speech is a form of
comuni cation in which the transm ssion of infornmation takes
pl ace by neans of speech waves which are in the form of
acoustic energy. The speech waveform is the result of the

interaction of source and filter".

P=SxT
Where, P = Speech
S = Source, mainly glottal pul ses
T = Transfer function of the vocal tract.

Thus the speech is a coded conplex acoustic signal
which is produced by the action of vocal tract and has an

encoded |inguistic nmessage.

To understand the nature and function of speech sounds,
it is necessary to know the nechanism involved in their

production. Speech production is a process where the
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concepts, ideas and feelings are converted into linguistic
code ; linguistic code into neural code ; neural code into
muscul ar (articul atory) novenent and finally nuscular
nmovenent |eads to acoustic signal (Ainsworth, 1975). Hence,
speech is just a particular type of acoustic signal and its
production can be explained in terns of resonances of the
vocal tract, and it can be analyzed into its conponent

frequenci es by conventional nethods.

The apparat us used for speech production, the vocal
tract evolved primarily as a part of the respiratory and
di gestive systens. Human beings have learnt to use these
systens to produce speech. Vocal apparatus consists of the
lungs, trachea, larynx, pharyngeal, oral and nasal cavities.
In the process of breathing, air is drawn into the |ungs by
expanding the rib cage and lowering the diaphragm Thi s
reduces the pressure in the lungs and air flows in, usually
via nostrils, nasal tract, larynx and trachea. The air is
normal |y expelled by the sanme route, by contracting the rib
cage and relaxing the diaphragm This increases the air
pressure in the lungs and the air flows out. Human bei ngs

have learnt to use these systens to produce speech.

Wi | e speaki ng, the lungs are filled with air and the

pressure inside the lungs is increased by the contraction of
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rib cage and diaphragm This increase in pressure forces
the air fromthe lungs to the environnent. At the superior
end of the trachea, their is a structure known as [|arynx.
The larynx is a valvular system consisting of three valves.
The lower nost valve is forned by vocal folds and is made
up of Iligaments and nuscles. The orifice between vocal

folds, the glottis, is opened by the pressure of expiratory
air. Once the vocal folds are opened the pressure bel ow
the vocal folds reduces due to the escape of air. As the air
flows through the glottis, the subglottal pressure is
r educed. The airflow from subglottal cavity to supra
glottal cavity through a narrow opening, |eads to a negative
pressure at the glottis, and draws the vocal folds together
which can be explained using the Bernoulli principle. The
elasticity of the vocal folds also helps in drawing the voca

folds to the mdline. As the vocal folds close, the pressure

again builds up, forcing the folds apart and the cyle is
repeated, thus the vocal folds are set into vibration. This
process produces a weak quasi-triangular acoustic signal and
is known as phonati on. The quasi-triangular air pulses so
produced excite the resonance cavities in the oral and nasa
tracts. The sound will radiate from |lips or from the
nostrils depending wupon the <closing and opening of the

vel opharynageal port respectively. The rate at which the
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vocal folds vibrate depends upon its tension, nmass, | ength
and the sub glottal air pressure. The sounds generated by
the vibration of vocal folds are known as voiced sounds. The
voi cel ess sounds, are produced by a turbulent flow of air
caused by a constriction at some point in the vocal tract.
This constriction may be forned by the |ips, the tongue or
the velum Anot her source of excitation can be created by
closing the vocal tract conpletely or partially at sone
poi nt, allowing the pressure to build up, and then suddenly
releasing it or creating the friction of air. Thi s form of
excitation is enployed in the production of plosive or
fricative consonants. Wi spered speech is produced by
partially closing the glottis so that the turbulent air flow

repl aces the periodic excitation during voicing.

The nodul ated or unnodul ated airflow through the glottis
is further nodified by the vocal tract to form speech sounds,
which are mainly divided into vowels and consonants. The
consonants can again be classified based on the place and
manner of articulation. The classification of the consonants
based on manner and place of articulation is given in the
| nternational phonetic al phabet (revised to 1993, corrected

1996) chart (Table 1).
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TABLE-1: The fn.lléma#orga/ phonc/fc a_(Tohabetchgyf

CONSONANTS (PULMONIC)

THE INTERNATIONAL PHONETIC ALPHABET (reviscd to 1993, corrected 1996)

Pharyngeal | Glottal

| B

Bilabial | Labiodental| Dental I;\Iw:clnr Postalveolar| Retroflex | Palaial Velar Uvular
Posie [P D t d t dic 5|k glq ¢
Nasal m| m n nl nl ng| NP
Trill B I R
Tap or Flap [ i
viewive [ BI L v 0 Ofsz|] 318 72|¢ J{X Y|X K
ot I k
Approxinian v 1 1 i w
e oxdiame l | A L

h ©h f

Where symbols appear in pairs, the one to the right represents a voiced consonant. Shalod areas denote articulations judged impossible.
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The production of vowels and consonants are explained

bel ow briefly.

a. VONEL PRODUCTI ON:

The vowels are produced by voiced excitation of the
vocal tract. For the production of a vowel the vocal tract
normally maintains a relatively stable shape and offers
m nimal obstruction to the air flow This facilitates the
am nar flow glottal pulses through the vocal tract. During
the production of vowels, the velumis normally elevated to

prevent the excitation of the nasal tract.

The production of vowel can be explained through source
filter theory. For vowel production the source filter
theory states that the output energy is a product of the
source energy and the resonator. The source filter theory of

vowel production can be sunmarized as,

P (f) =U(f) T(f) R(f).
Wher e,

P(f) is the radiated sound pressure spectrum of speech. P
stands for pressure and (f) indicate a function of frequency.
U refers to volume velocity and is used because the vocal
folds act |ike a source of air pulses. T represents

transfer function, and 'R denotes radi ati on characteristics.
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In other words, the radiated sound pressure waveform of
speech is the product of the laryngeal spectrum the voca

tract transfer function, and the radiation characteristics.

Dfferent vowel can be described as variations in the
transfer function, T(f), and the radiated spectrum P(f).

T(f) consists of vowel formants.

For the vowel production, the entire vocal tract,

extending fromlarynx to lips, is the resonating cavity.

The figure 1 shows the vocal tract configurations and
correspondi ng area functions for four vowls /i/, /ul /al and

[a?/.

The vocal tract configuration for these vowels have sone
relatively constricted regions and other regions that are
widely flared. For exanple, vowel /i/ (as in he) has a
constricted region near the lip opening but a |arge open
region near the larynx and pharynx. The vowel /a/ (as in ha)
has a constricted region in the pharynagel portion but a
large open region near the |Ilip opening. The resonance
frequencies of such configurations can be cal cul ated using

formulas from acoustic theory.
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The production of vowels can also be explained through
the vowel diagram (Fig, 2), which explains the position of

the lower jaw and tongue in producing vowel s.

The position of /i/ at the wupper |eft hand corner
indicates that /i/ 1is pronounced with the tongue high and
front in the nouth ; /a/ with the tongue low and front ; /a/,
with the tongue low and back, and /u/ wth the tongue high

and back.

The sounds /1/ /el [€/ and / [/ are all nmade with the
tongue front, and with the jaw and tongue dropping
progressively by approximately equal distances from /i/
through /1/, /i/, /€ and /as./ to/al . The sounds /o/, /o/.
[0/ and /U are nade with the tongue back, and with the jaw
and tongue rising progressively by approximately equal
di stances from/a/ through /o/, /O, lot and /U to /u/. The
sounds / 3/, /al, I'$l and /sry are central made with the tongue
about halfway from the front toward the back, and about
hal fway from low toward high. The sound /7/ in Anerican
speech is sonewhat centralized but is lower and farther back

than the central vowel s.

The spectra of the four vowels /i/, /u/, [al, and /3ed

are given in the figure 3.
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Figure 1: Vocal tract configurations and corresponding area

functions for four vowels /i/, /u/, /a/ and /2/.

Figure 2 : Vowel diagram.
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Figure 3 : Spectra for the four vowels /i/, /u/, /e&/ and /z/.
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The spectral peaks represent the vowel formants. It can
be noted that the high vowels /i/ and /u/ have in commpn a
relatively low frequency of the first formant (fl)/ whereas
the low vowels /a/ and /ae/ have in common a relatively high
frequency of this formant. That is the frequency of FI,

varies inversely with tongue height of the vowel.

The back vowels /u/ and /o/ have a relatively |ow
frequency of the second formant (F2), whereas the front
vowels /i/ and /ael have a relatively high frequency for this
f or mant . That is, the frequency of F2 varies wth the

posterior to anterior dinmension of the vowel articulation.

Thi s resul t poi nts to an articul atory-acoustic
correspondence: The frequencies of the first two formants,
Fl, and F2, can be related to dinensions of vowel
articul ation. The frequency of Fl, is inversely related to
tongue height and frequency of F2 is related to tongue
advancenent . Hence, when the FlI frequency decreases, it is
usually safe to conclude that the tongue has noved to a
hi gher position. Wen the F2 frequency increases, it is
usually safe to conclude that the tongue has noved to a nore

anterior position.

The lips are also involved in vowel production. Lip

roundi ng reduces all the formant frequencies. The reason
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follows directly from the fact that formant frequencies
depend on the length of the vocal tract. The |onger the
length, the lower the formant frequencies. Because Iip
rounding tends to extend the length of the vocal tract,
rounded vowels tend to have I|owered formant frequencies

relative to nonrounded vowel s.

The formant frequencies play an inportant role in the
perception of vowels. The acoustic cues to the perception of
vowels lie in the patterns created by the vocal tract
resonances (formants) of the speaker. The formant patterns
by thensel ves, however, are not always sufficient for
listener identification. In the early 1950's Delattre,
Li ber man, Cooper and Gertsman at Haskin's |aboratories
synthesized vowels by painting formants on the pattern
pl ayback, systematically varying the formant frequencies, in

search for the best patterns for listener identifications of

each vowel . It was found that listener required only two of
the formants naturally produced, in order to identify the
vowel s. They also found that although two formants were

required for front vowels, a single formant could be used to

approxi mate the back vowel s.

In Gunnar Fant's laboratory in Sweden, it was found that

the best two-formant synthetic vowels differ systematically
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from natural vowels. For /i/, the F2 nust be very high,
close to the natural F3, while for the rest of the front
vowel s, the F2 was best placed between what would naturally
be F2, and F3. Back vowels were best synthesized with the F2
close to a natural F2. For speech perception, apparently F3

is nmore inmportant for front vowels than for back vowel s.

Perception of vowels is easy because they are voiced
and thus relatively high in intensity ; the vocal tract is
relatively open for them producing promnent resonances ;
and the formant frequencies are often held steady for a 100
nsec or so, allowng the listener to perceive the formnt

pattern.

Fry, Abramson Eimas and Liberman (1962) synthesized
vowel s using the formant frequencies estimted from natural

speech and they report of satisfactory results.

Rakerd and Verbrugge (1985) reported significant
correlations between perceptual di nensions and acoustic
paraneters  of vowel s: D nension D, (interpreted as
advancenment) wth F2 and F3 frequency : Dinension D2,
(interpreted as tenseness) wth duration. They al so report
that |ow vowels have a high FI frequency and high vowel s have
a low FI frequency. Back vowels have a low F2 and a snall

F2-F1 difference, and front vowels have a higher F2
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frequency and a large F2-F1 difference. Hence, vowels
formant pattern can be used to identify a vowel and even to
establish relationships between acoustic and perceptual

par aneters.

Fox (1983) concluded that the npst common di nensions in
perceptual scaling studies of vowels correspond to front/back

(advancenent) and high/low (height) distinctions.

Carlson, Fant and G anstrom (1975) reported a study in
which FI was held at values appropriate for natural speech
but F2 was varied. They found that F2 approxi nated the val ue
for F2 in natural speech for back vowels. For front vowels,
F2 for vowels /el and /ae/ fell about mdway between the
natural F2 and F3 and for vowel /i/, F2 fell close to the

natural F4.
b- FRI CATI VE:

The steps in producing a fricative sound are to, nake a
constriction somewhere in the vocal tract, and force air at
high velocity through the constriction. The turbulent flow
is generated in the vicinity of the constriction and al so at
the teeth in sonme cases. The turbulent flowis characterized
by eddies of particle notion and is the source of turbul ence

noi se. This noise excites the acoustic tube that forns the
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constriction and also the cavities anterior to the
constriction. Under certain conditions, there may be an
acoustic coupling to the cavities posterior to the
construction, so thse cavities are also excited. The figure 4
shows a vocal tract configuration for the fricative sound /s/

and a two-cavity nodel for this sound.

The dot near the constriction represents the |ocation of

the noi se source.

Li ke vowels, fricatives can be described mathematically
in terms of a transfer function. For fricatives, the

function i s,

T(f) =[P(f) Z(F)] R(f), where

T(f) = Transfer function,

(f) = frequency

P(f) = Function, that contains the natural frequencies

of vocal tract (poles or formants)
R(f) = Radiation characteristic

Z(f) = Function containing the zeros (antiformants)
which occur at frequencies at which the source is decoupled

fromthe front cavities.



Figure 4 : Vocal tract configuration and a two cavity model

for the fricative sound /s/.
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The functions P(f) and R(f) are simlar as for vowel
sound. The poles are the resonance frequenci es. The pol e
function P(f) for the fricative is approximtely the sanme as
that for a vowel produced with a simlar vocal tract shape.
The radiation function R(f) is as described for vowels. The
function Z(f) represents zeros. Zeros are effective

opposites of pol es.

Wien the coupling between source and back cavities is
small, the influence of the back cavities can be neglected,
and the zeros are determned only by the constriction.
However when the back cavity has a tapered shape | eading
into a constriction, the back cavity is not decoupled from

the source.

The effect of front cavity is largely determned by its
length. When the front cavity is very short, as in the case
of the | abiodental fricatives. /[f,vl, its |owest resonance
frequence is too high. The spectrum for these fricatives is
flat or diffuse, lacking prom nent peaks or valleys. As the
place of articulation noves backward in the oral cavity, the
length of the front cavity increases, and its |owest
resonance frequency decreases. The | owest resonance frequency

for a fricative /s/ is around 4Khz.
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c. NASALS: The nasal sounds include nasalized vowels and the
nasal consonants. The vel opharyngeal port is open so that
sound energy can pass through both the nasal tract and the
oral tract or through only the nasal tract. These two vocal

tract configurations can be nodell ed as shown in the figure.5.

Both nodels involve a side-branch resonator, neaning
t hat one resonator S coupled to another at t he
vel opharyngeal port. For a nasal vowel, both resonators open
to atnosphere. For nasal consonants, the nasal resonator

opens to atnosphere while the oral resonator is closed.

For both nasal vowels and consonants, the transfer
function consists of poles and zeros. As wth fricatives,
nasals can be understood in part through a consideration of
the average spacing of formants and antiformants. The
formants and antiformants of the nasal cavity depends on the
length of the nasal cavity. Hence, the conbined oral - nasal
system has a set of oral formants, a set of nasal formants

and a set of nasal antiformants.

When the oral cavity is closed at some point for a nasal
consonant, the frequencies of the antiformants are the
frequencies at which the nmuth ~cavity shortcircuits,
transm ssion through the nose. Energy at these frequecny does

not pass through the nasal cavity. The nasals /nmi, /n/ and
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Figure 5 : Vocal tract nodels for a nasalized vowel and

nasal i zed consonants.
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/v) | are characterized by low (750-1250Hz) nedium (1450-
2200Hz) and high (above 3000Hz) artiformant positions
respectively. Hence, the general rule is that as the place
of oral articulation noves back, the frequency of the
anti formants i ncrease. A low frequency formant, the so-
called nasal formant, occurs at about 250-300Hz. Hi gher
formants are densely packed, have |arge bandw dths, and vary

with place of articulation.

d. STOPS:

A stop involves a conplete closure of the vocal tract,
and , depending on its phonetic context, a release of the

cl osure and a nmovemnment t oward anot her vocal tract

configuration. The <closure 1is associated wth acoustic
sil ence. During the closure interval, air pressure is
i npounded in the nouth. Upon release of the constriction,

the pressure is abruptly rel eased.

The acoustic evidence of this release is a burst or
transient. The brust is a noise segnent simlar to the noise
segnent for a fricative but rmuch briefer. The event in stop

production can be nodelled as shown in figure. 6.

The primary acoustic correlate is silence, except for

voi ced stops, for which voicing energy may extend for part or
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Figure 6 : Events in the production of stop consonants.
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all of the closure Interval. Voicing is associated with | ow
frequency energy in the lower harnonics of the voice source,
especially the first harnonic or fundamental frequency. The
FI frequency associated with any severe constriction of the
vocal tract is of very low frequency. As the constriction is
rel eased, the Fl frequency rises to a value appropriate for

the foll ow ng sound.

E. AFFRI CATES:

Affricates are simlar to stops in having a two-phase
production of vocal tract <closure followed by a noisy
rel ease. Affricates have a frication segnent that s
intermediate in duration between the burst for stops and the
frication interval for fricatives. Hence, the basic theory
of affricate production is a nodification of that presented

for stops and fricatives.

F. LI QUI DS:

The liquids in english are the lateral /I/ and the
rhotic /r/. Both are simlar to vowels in that they have
wel |l defined formant patterns and voiced energy. Lat er al

consonant /I1/ have both formants and antifomants and are
therefore simlar to nasal consonants. The /1/ is produced

with a mdline apical constriction, which allows sound to
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radiate through openings at the sides. This mdline
bi furcation causes the formation of artiformants. /1/ has a
relatively low acoustic energy with a predomnately |ow

frequency concentration.

Rhotic consonants /r/ have well defined formant patterns
but are typically less intense than surrounding vowels. /r/

has a very |ow F3 frequency.

G DI PHTHONGS AND GLI DES:

Anot her class of sounds, related to vowels, is the
di pht hongs. D phthongs are like vowels, in that they are
produced with a relatively open vocal tract and a well
defined formant structure. Di pht hongs are unlike vowels in
that they cannot be adequately characterized by a single
vocal tract shape or a single formant pattern. Di pht hongs
are dynamc sounds in which the articulatory shape slowy
changes during their production. D pht hongs and glides are
associated with a gradually changing formant structure. The
acoustic theory developed earlier for vowels applies in
general form to any given configuration in the dynamc
conpl ex. For exanple, the diphthong /ai/ involves a series
of vocal tract configurations running fromthe onglide /a/ to

the offglide /i/.
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The human resonator, nanely, the pharyngeal cavity, the
oral cavity and the nasal cavity play an inportant role in
the production of speech. The air spaces between the |ips,
between the teeth and the cheeks and with in the |larynx and
tracheae are also resonators. The remarkabl e characteristic
of the human vocal resonator is that its shape can be vari ed.
The <cavity shapes <can be altered by novenents of the
articul ators. Tongue elevation and fronting creates a
smaller area in the oral cavity but widens the area in the
pharyngeal cavity. Conversely, tongue depression and backi ng
enlarge the area in the oral cavity while reducing the
pharyngeal area. Lip protrusion lengthens the vocal tract
creating a |lower frequency resonance. The vocal tract is

al ways a resonator and often a source of speech sounds as

wel | .

The posterior part of the vocal tract is forned by a
tube of nuscles known as the pharynx. The nmnuscles are
divided into three groups according to their position - the

inferior constrictor, the mddle constrictor and the superior
constrictor nuscles. Contraction of these nuscles narrows
t he pharyngeal cavity and rel axation of the nuscle widens it.

The oral cavity is bounded in front and along the sides
by the teeth set into the al veol ar processes of the upper jaw

or maxillary bone and the lower jaw or mandi ble. The two
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central incisors and two lateral incisors in each jaw with
the use of lower |lip, with the tongue and with each other
create a constriction for such sounds as /f/, [/ and /s/.
The roof of the oral cavity consists of hard palate and the
soft palate. An inportant |andmark on the hard palate is the
posterior portion of the alveolar process called the alveol ar
ridge. Many speech sounds are either generated or resonated
as a result of actions of the tongue in relation to the

superior alveolar ridge.

The soft palate consists of a broad nuscle entering the
sides of the velum from the tenporal bones behind and above
on each side. \When these nuscles i.e., the l|levator palatine
nuscles contract, the soft palate is lifted up and back
toward the posterior wall of the pharynx. This action occurs
to sone degree for nost of the speech sounds except /ml, /n/
and /»)/, where the port to the nasal cavities is left open by

relaxing the |evator palatini nuscles.

Anong the various articulators within the oral cavity,
the tongue plays an inportant role in articulation, control
of secretions, formation of a bolus, propulsion of bolus
toward the pharyx, cleaning the palate and initiation of

swal | ow reflex. (CGoday 1991).
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The inportance of tongue in speech is clearly indicated
in the very terra | anguage, which conmes fromlingua, the Latin
word for tongue. Gol dberg (1939) notes that | anguage neans
tonguing, or wagging of the tongue, attributable to the
observation of renote ancestors, who by figure of speech,
chose the tongue as the chief representative of all of the

organs of speech (Travis, 1971) .

The tongue is crucial to speech production because it is
the prinme determnant of vocal tract shape. It literally
alters the entire vocal tract shape when it npves. As an

articulator, the tongue's major functions are to,

1. Modul ate air flow, and
2. Ater vocal tract shape and thus control resonance

frequenci es.

Careful inspection of tongue novenents during speech
suggests that the various parts of the tongue can function

sem -i ndependently. (Zemin 1988).

TONGUE TI P AND BLADE:

By conpletely stopping the air through pressure of the
tip of the tongue against the gumridge, at the back of the

front teeth and by following the stoppage w th sudden
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seperation of the parts, the tongue is an active agent is

articulating /t/ and /d/.

By identical stoppage w thout the supplenental velar

action, the tongue is the active agent in articulating /n/.

By pressure of the tip against the center of the gum
ridge wthout contact with the sides so that air escape

freely bilaterally, the tongue articulates, /1/.

By light, wdely distributed pressure against the hard
pal ate, the tongue interferes with the breath streamso as to

produce the requisite friction for / / and fy/.

Be elevating the tip or the blade toward the gum ridge
so as to direct a constricted, conpressed breath stream
against the hard palate and thence down against the cutting
edges of the lower teeth, the tongue becones the nopst active

menber in articulating /s/ and /z/.

By elevating the tip or blade toward the hard palate
behind the gum ridge, the sides being in contact with the
inner surface of the upper nolars, the tongue interfere with
the breath stream so as to constrict it in the nmanner

requisite for /r/.
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By pointing downward agai nst the back of the upper teeth
so as to interfere with the breath stream and produce the
requisite friction, the tongue articulate voiceless // and

voi ced AS/.

BACK OF THE TONGUE:

By making a conplete stoppage of the breath stream
t hrough pressure against the velum which is turn presses
against the posterior pharyngeal wall so as to block the
nares, and by sudden seperation for the velum while the
|atter continues to block the nares the back of the tongue

becones the nost active menmber is articulating /k/ and /g/.

Simlarly by formng conplete occlusion with the velum so
as to block the nouth passage, the velumrenaining down, the

back of the tongue supplenents the velumin producing /*1 /.

Hence, the tongue is the nost i nportant speech
articul ator. However, Froeschels (1933), Geen (1937) have
stated that the tongue is not essential for speech, and that
congenital absence or adventitious loss of the tongue need
not prevent a victim of such loss from learing to talk.
Despite this claim the tongue is extrenely inportant, it is
due to the adept action of the tongue that nost of the

conpensatory novenents of speech are achieved by those
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patients whose oral deformties preclude the devel opnment of

normal articulatory novenents (Travis 1971).

ANATOWY OF THE TONGUE:

The tongue can be divided into four functional
subdi visions: Tip, blade, dorsum and root. The apex or the
tip of the tongue rests against the lingual surface of the
teeth. The blade of the tongue is the anterior nost portion
of the dorsum that part of the dorsum just below the
al veol ar ridge when the tongue is at rest. The remainder of
the dorsum may be divided into a front or oral dorsum |ying

in front of the faucial pillars, and a back or pharyngeal

dorsum |lying behind the faucial pillars. The tongue root,
constitutes the fourth division of the tongue. (Zemin,
1988) .

MJUSCULATURE OF TONGUE:

Tongue nuscul ature can be divided into,
a. The intrinsic tongue nuscles.

b. The extrinsic tongue nuscles.

a) The intrinsic nuscles of the tongue:

The intrinsic nuscles of the tongue have their point of

origin and attachnent entirely within the tongue proper.
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Their primary role is to change the shape of the tongue mass,
and to a lesser degree, to alter tongue position. They are
also responsible for lifting and curling the tip or edges,
and for the bowng or flattening of the body. The origin,
insertion and course of the various intrinsic nuscles are

shown in the figure 7

The intrinsic nmuscles are as foll ows:

1. Vertical nuscles -> Fiber originate fromthe upper surface
of the tongue dorsumand run vertically dowward to insert
into the inferior - Jlateral surface of the anterior
portion of the tongue. Upon contraction this nuscle

flattens the tongue.

This muscle is innervated by the Hypogl ossal nerve (X1 CN).

2. Superior longitudinal -> Fibres originate at the base of
t he tongue and course forward toward the tip, just beneath
the nmucosal surface of the dorsum Upon contraction, the
nmuscle tends to shorten the tongue and thereby turn the
tip upwards. This nuscle is innervated by the XII cranial

nerve.

3. Inferior longitudinal -> Fibres run fromthe base of

the apex of the tongue along its undersurf ace. Upon
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contraction this mnuscle either shortens the tongue or

pulls the tip dowmmward. Innervated by Xl I cranial nerve.

4. Transverse nuscles -> Fibres run laterally from one side
of the tongue to the other, between the two |ongitudina
nmuscl es. It inserts into two |ongitudinal nuscles. It
inserts into the nucosa of the sides of the tongue and
into the lingual septum a |ayer of connective tissue that
runs down the mdline of the tongue. Contraction of this
nmuscle causes the tongue to narrow and to becone

el ongat ed.

B. THE EXTRI NSI C MUSCLES OF THE TONGUE:

The extrinsic tongue nuscles have one point of
attachnent within and another outside the tongue. The nmjor
function of these nmuscle is to nove the tongue about in the
vocal tract in front-to-back and up-and-down directions. The
origin, insertion and course of extrinsic nuscles are shown

inthe figure 8
The extrinsic nuscles are as follows:

1. THE GENIOGLOSSUS -> Largest nuscle of the tongue. | t
originates near the mdline of the lingual surface of the
mandible in the region of the superior (nental) spines.

One bundl e of fibres courses upward to insert into the
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Figure 7 : The intrinsic muscles of the tongue.
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Figure 8 : The extrinsic muscles of the tongue.

1. Inferior longitudinal 7. Stylopharyngeus
2. Dorsum of tengue B. Thyrold cortiloge
3. Styloglossus 9. Greater cornu
4. Siyloid process 10. .Hysid bene

5. Hyoglossus 11. Genichyold

4. Siylohyoid 12, Genioglosius
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tongue tip. A nedial bundle passes rearward and upward to
insert along the dorsum An inferior bundle penetrates
rearward and downward to attach to the root of the tongue

and to the body of the hyoid bone.

Contraction of the posterior fibres draw the whol e of
the tongue anteriorly to protrude the tip fromthe mouth, or
to press the tip against the teeth and alveolor ridges.
Contraction of anterior fibres is responsible for retraction
of the tongue, while contraction of the entire nuscle draws
the tongue downward, thus meking the dorsum like a trough.

| nnervat ed by hypoglossal. (XI) nerve.

2. THE STYLOGLOSSUS -> Arises fromthe styloid process of the
t enporal bone. It courses down and forward, entering the
si des of the tongue and blending wth inferior

| ongi tudi nal and hyogl ossus nuscl es.

Upon contraction the styloglossus draws the tongue
upward and backward. It may also draw the sides of the

t ongue upward. | nnervated by Xl I cranial nerve.

3. THE PALATOGLOSSUS -> Extends from an insertion on the
sides of the tongue upward along the wall of the oral

cavity. It inserts into the palatal aponeurosis. Upon
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contraction it may either lower the soft palate or raise

t he back of the tongue to groove the dorsum

4. THE HYOG.OSSUS -> A thin sheet of nuscle that arises from
the upper edges of the greater horn of the hyoid bone.
The fibres run vertically and anteriorly, inserting into
the body of the tongue and the nedial fibrous septum
Upon contraction this nuscle depresses and retracts the
tongue and elevates the hyoid bone. | nnervated by Xi

crani al nerve.

5. THE GENNCHYO D -> Arises fromthe inferior nmental spine of
the posterior surface of the nental synphysis of the
mandi bl e and courses inferiorly and rearward to insert on
the anterior surface of the corpus of the hyoid bone. Wth
the mandible in a fixed position, the geniohyoid nuscle

pull's the hyoid bone up and forward.

6. THE MYLOHYO D -> A sheet of nuscle fiber that fornms the
floor of mouth. Fibres arising fromthe entire rimof the
i nner surface of mandi bl e course backward to insert upon a

central tendon attached to the hyoid.

Wth the nmandible fixed, contraction of this nuscle
elevates the hyoid bone, the floor of the nmouth, and the

t ongue. This nuscle is an inportant contributor to the
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initial stages of deglutition. Wth the hyoid bone in fixed

position, it may assist in depressing the mandi bl e.

Tongue has an inportant role in the production of
vowel s, where as, al | consonants do not need the
participation of the tongue. Those sounds that are produced
wi thout involving the tongue novenent are the single "nasal"
sound /nmf, the labial sounds /p,b/, the dental sounds /f, v/
and the pharyngeal sounds /h,?/. Al'l other sounds require
the participation of the tongue i.e., /t, d, s, z, g, J, -%,
k, 1, r, j, i, |, e, €,2e,a,00, u, UAa ~' ~"el vy nl.

(Kent 1995) .

The tongue nusculatures involved in various vowel
producti on and consonant production are given in Table 2 and

Tabl e 3, respectively.
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TABLE 2: TONGUE MJSCULATURE | NVOLVED IN VOWEL SOUND
PRODUCTI ON.
SOUND ACTI ON OF THE TONGUE MJUSCULATURE
lil A. strong depression of 1. Longitudinal inferior
t ongue apex 2. Ceni ogl ossus.
3. Hyogl ossus
B. Strong el evation of 1. Pal at ogl ossus
posterior tongue
dor sum 2. Stylogl ossus
I A. Slight depression of 1. Longitudinal inferior
t ongue apex 2. Ceni ogl ossus
3. Hyogl ossus
B. Slight elevation of 1. Pal at ogl ossus
posterior tongue 2. Styl ogl ossus
el A. Moder ate depression 1. Longitudinal inferior
of tongue apex 2. Geni ogl ossus
3. Hyogl ossus
B. Slight elevation of 1. Pal at o gl ossus
posterior tongue
dor sum 2. Stygl ossus.
| El A Slight elevation of 1. Pal at ogl ossus
posterior tongue 2. Styl ogl ossus
/| & B. Strong depression of 1. Ceniogl ossus
anterior tongue
dor sum 2. Hyogl ossus
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Moder at e depressi on of
anterior tongue

dor sum

Slight tongue apex

depr essi on

Slight depression of
anterior tongue

dor sum

Tongue dossum
depressi on

Depresion of Anterior
Tongue dorsum

Tongue border

el evati on

NoR @ N

N R N

Geni ogl ossus
Hyogl ossus
Geni ogl ossus
Longi tudi nal inferior
Hyogl ossus

Hyogl ossus
Geni ogl ossus
Geni ogl ossus

Hyogl ussus
Geni ogl ossus

Hyogl ussus

Pal at ogl ossus

Styl ogl ussus

Transverse |ingua
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TABLE 3: TONGUE MJUSCULATURE | NVOLVED | N CONSONANT SOUND
PRODUCTI ON.
SOUND ACTION MUSCULATURE
[t11d/ A. Elevation of tongue 1. Superior |ongitudina
tip and lateral
mar gi ns 2. Styl ogl ossus
I kl'lgl A. Elevation of tongue 1. Pal at ogl ossus
m ddl e from border 2. Styl ogl ossus
to border
Isllzl A. Extension of tongue 1. Geni ogl ossus
apex
B. Narrow groovi ng of 1. Transverse |ingua
t ongue dorsum
I'nl A. Strong el evation of 1. Longitudinal Iingua
t ongue apex superi or.
2. Stylogl ossus
B. Strong el evation of 1. Pal ato gl ossus
tongue M ddl e 2. Styl ogl ossus.
/t;l/dj,/ A Elevation of tongue 1. Superior |ongitudinal
tip, lateral margins, [ i ngual
and central apical 2. Styl ogl ossus
regi ons.
1O 1-8l A. Protrusion of tongue 1. Geniogl ossus
tip 2. Longitudi nal superior

[ i ngual .
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Fl attering of tongue
dor suns.

Flattering of tongue
dor suns

Depressi on of tongue

apex

El evati on of tongue
apex

El evati on of tongue
bor ders

El evati on of posterior

t ongue borders

Depressi on of tongue

apex

Tongue grooved

Vertical tongue
nmuscl es
Vertical tongue
nmuscl es
Geni ogl ossus.

Longi tudi nal inferior
[ i ngual

Hyogl ossus.

Longi t udi nal superi or
[ i ngual

Styl ogl ossus
Transverse |ingua
Pal at ogl ossus

Pal at ogl ossus

Transverse |ingua
Geni ogl ossus

Longi tudi nal inferior
[ i ngual

Hyogl ossus
Transverse |ingua

Pal at ogl ossus
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Consonants can be classified in terns of, place of

articulation and manner of articulation. Wth respect to
place of articulation, al |, except the bilabials and
| abi odentals involve the participation of the tongue.

Bil abials such as /p,b,nm require the lips to cone together
and | abiodentals require the approximation of the lower Ilip
and upper teeth as in /f,v/. Al the other sounds such as
dentals / 6,~/ , alveolars /t, d;s,z,n,|,r/, palato-alveolars
el rdanr At~ palatal /j/ and velars /k,g,n,w require the
participation of the tongue. Hence, absence (congenit al

surgical, or traumatic) of the tongue inpose serious problens

in vegetative and speech functions.

A ossectony is the surgical renoval of part or all of
the tongue due to disease, trauma or natural wasting.

(Travis, 1971).

A ossectony may be enployed in the surgical treatnent of
di sease, or may occur by accident or as an effect of wasting

di sease. (Travis 1971).

Total glossectony for cancer involving 50% or nore of
the tongue has been slow to gain w de acceptance in the
treatment of this disease because of the comonly accepted,

potentially grim post-operative outlook. The operative
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approach is the only nethod of treatnment with an appreciable

3 year survival rate. (Donaldson et al, 1968).

Curative cancer surgery requires that the surgeon renove
not only the primary lesion but also the area to which cancer
is nost likely to spread. Wde nmargins of normal tissue nust
al so be excised. Tissue to be renmoved will include |ynph
nodes of the neck, platysma, sterno cleido mastoid nuscle,
i nt ernal jugular vein, onohyoid nuscle, anterior and
posterior bellies of the digastric nuscle, stylohyoid nuscle,
submaxillary salivary gland, tail of the parotid gland, all
branches of the external carotid artery except the superior
thyroid, one-half of the mandible, the entire tongue and if
needed, the epiglottis, hyoid bone, and even occassionally

the | arynx.

Nerves severed wll include the accessory, ansa

hypogl ossi, cervical sensory, mandi bular branch of the facial

and the hypogl ossal . Every effort is made to preserve the
vagus, superior |aryngeal, cervical synpathetic and phrenic
nerves and the brachial plexus. QG her structures to be

preserved are the common and internal carotid arteries.

Rehabi | i tation of the glossectony patient is one of
the nost difficult and challenging problens for the

prost hodonti st and speech pat hol ogi st.
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STUDI ES ON VEGETATI VE FUNCTI ON | N GLOSSECTOMEES

The tongue is the "primary nobile agent” involved during
the oral and pharyngeal stages of deglutition and it is the

principle articulator during speech. (Robbins 1985).

Safe swallowng requires precise coordination between
the oral and pharyngeal phases of swallow ng. The passage of
an oral bolus without aspiration is the result of a conplex
interaction of the cranial nerves and nuscles of the oral
cavity, pharynx and proximl esophagus. (Mller 1982:

Mrrell 1984:).

Control of bolus in the oral cavity is aided by
pl acement of the tip of the tongue against the maxillary
al veol ar ridge or superior incisors. The anterior portion of
the tongue forns a cup-shape to hold boluses of |arge vol une

(Dodds, 1989: Logemann 1986:).

The tongue functions to manipulate oral contents,
positioning the food bolus laterally over the nolar for
effective nastication. (Kahrilas, Lin, Logeman and Ergun

1993) .

Morris (1981) reported satisfactory swallowing in 10
patients who under went t ot al gl ossect ony Wi t hout

| aryngectony, wth varying degrees of speech intelligibility.



a7

Weber (1991) reviewed 27 patients treated between 1982
and 1989 to determ ne the oncologic effectiveness of total or
near total glossectony wth |aryngeal preservation and the
possibility of speech and swallow rehabilitation follow ng
treatnent. Swallowng was achieved initially in 18 patients
(6799, while 12 had successful long termdeglutition (44%.
O al comunication was acconplished in 25 patients (92%.
Significant aspiration occurred in 3 patients. In the 18
patients with a palatal prosthesis, speech was considered to
be good in 7 patients. The effect of |aryngeal suspension on

speech guality was uncl ear.

Paul oski (1993) assessed speech and swol | ow performnce
for 11 men and 3 wonen preoperatively and at 1 & 3 nonths
post operatively. Speech tasks included an audio recording
of a brief conversation and of a standard articul ation test.
Swal lowing function was exam ned wusing videofl uoroscopy.
Statistical analysis revealed that patients denonstrated a
significant and severe inpairnent in speech and swallow
functioning after surgery, with no recovery of function by 3

nont hs post heal i ng.

Logemann (1993) Exam ned speech and swollow function in
11 patients who underwent surgical resection of greater than

1 cm of tongue base, tonsil and faucial arch wth mandible
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resect ed. Pre operatively and 1 & 3 nonths post -healing
audio recordings were made of a 6 - 7 mn conversational
speech sanple, the sentence version of the Fisher Logemann
t est of articulation conpetence was admnistered and
vi deof | uroscopi ¢ assessnent of oropharyngeal swollow was
conducted. Patients exhibited greatest difficulty on stop and
fricative consonants and bolus propul sion. Conparison with
patients who received anterior tongue and floor of nouth
resections and di st al flap reconstruction reveal ed
consistently better speech performance by the tonsil/base of
tongue patients, although the sanme phonenes were affected.

Swal | ow function was equally affected in the two groups.

Diz - D os-P (1994) conpared the post sur gi cal
deglutition, oral suction and speech capabilities of 11
patients who had undergone partial glossectony with that of
20 healthy control subjects. Volune swallowed per second and
speech quality were significantly correlated with the area of
tongue renoved. 3 patients subjected to a second operation
to inprove the nobility of the residual tongue regained
al nost normal speech intelligibility.

STUDI ES ON ARTI CULATI ON | N GLOSSECTOVEES

d ossectony can be divided into:

-> Partial glossectony

-> Total gl ossectony
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It is generally accepted that intelligibility is
i npossi ble when the tongue is conpletely renoved. However,
some believe that intelligible speech develops after such
surgery as a usual consequence of the passage of tine and the
exercise of sone effort on the part of the patient. The
optimstic attitude reflects the experience of those who have
dealt with cases of partial excision, while a pessimstic
view is taken by those who have attenpted rehabilitation of

patients with total |loss of tongue. (Skelly et al 1973).

The  extent of articulatory i mpai r ment fol | ow ng
gl ossectony depends on the amount of tissue lost and its
| ocati on. Skelly et al (1973) reports that the type and
extent tongue section are related to speech clarity inthe
partial gl ossectomnmy group. Excision of the right or left
half of the tongue required fewer speech adaptations than
excisions including the entire tip. The phonenes /z/, Inl,
and /g/ produced by the partial glossectony resenbled the
nor mal . If any flexible portion of the tongue remained, the
partial gl ossectonees were able to approxi mate the phonene
/'$/ and also /d/ within acceptable phonemc limts. The nost

devi ant sounds for these patients were /r/ and /1/.

A patient with a tipless but rather nobile stunp may

speak better than another one with a preserved tip that is
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imobilized at the floor of the nouth by scar formation

[ Goldstein, 1940 ].

Brodnitz (1960) reporting on speech after gl ossectony,
states that "mssing sounds are developed gradually by
vi carious novenents of residual nuscle stunps or renaining
oral nuscul ature”. The lower |lip substitutes for mssing
tongue tip by being elevated behind the upper teeth and in
this manner [t] [d] [n] are forned. [g] [Kk] [n] are
articulated as pharyngeal sounds between the tongue residue

and the pharyngeal wall.

Bradl ey (1980) assessed articulation after surgery to
the tongue and found that vowel phonenes were the poorest
discrimnators except [i]. The articulatory score ranged from

63.5 -98.4% with a nedian of 92. 1%

Deborah (1982) reported that conpensatory postures for
articulation of the stop consonants were characterized by
varying degree of | abi al protrusion, and retraction,
dependent on the vowel context. On spectrographic analysis of
[ p,b,t,d], no stop burst was present in the spectrogranmes of
the prevocalic stop consonants. FI. and F2 could not be
clearly separated from one another and F3 had |ow energy that

it was not recorded.
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An acoustic and articulatory study of the vowels of two
highly intelligible total glossectonees was made by Morrish
(1984). The frequency of FI for the vowels [i,e, a, 0, U]
corresponded to that of normal speakers, but the frequency of
F2 was nmuch reduced. On videofluroscopy it was found that
conpensatory articulation for the total glossectony was

achi eved by neans of exaggerated use of articul ators.

El i zabet h (1988) exam ned t he intelligibility,
articulation and acoustic features of the vowels and pl osives
of a male subject who underwent total glossectony. According
to stringent auditory test, overall the subject was found to
be between 58% and 65% conprehensi ble. On videot ape anal ysi s
and EMG it was found that the subject mnade all plosive
consonants bilabial with extra lip protrusion to distinguish
al veolar from bilabial articulation. I ndi vi dual pl osives
were not well recognized. Acoustically the subject displayed

a greatly reduced vowel space from nornals.

Fl etcher (1988) investigated charges in dinensions and
patterns of articulation used by 3 speakers to conpensate for
different anounts of tongue tissue excised during partial
gl ossectony. It was found that, subject 1 who had 10% of his
tongue renoved apparently sinply shifted the place of

i nguapal atal contact to take advantage of the surgically
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created indentation along the border of the tongue. Nor ma
groove dinensions were observed, and as the airstream was
channel ed through the relocated groove, normal high frequency
fricational noise was produced. subject 2, who had 40% of
his tongue renoved transposed the |lingual groove from the
alveolar to the mdpalatal vault region of the palate.
However, the netrical properties of the groove were
mai nt ai ned. Subject 3, with 75% gl ossectony was physically
i ncapabl e of achieving the narrow |inguapal atal constriction
required for sibilant sound production. He shifted from a
l[ingual to a |abial gesture. The di nmensions of the sibilant
groove were essentially the same as for the |inguapal atal

groove by the other talkers.

Imai (1992) studied the articulatory function after
resection of the tongue and floor of the nouth, where |ingua
pal atal contact patterns and the tinme course of changes in
contacts during utterances of [asa, ata, aja, aca] were
measured using EPG The relations between these data and
per cept ual scores in 17 glossectomzed patients were
exam ned. [t] sounds were nost frequently judged to be
hi ghly distorted. The results revealed that gl ossectom zed

patients often evidenced defective stop sounds.
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M chi waki (1992) investigated postoperative articulation
in 18 gl ossectom zed patients. A nodification of the
Frei burger test for speech audionetry was wused as test
material. Articulatory function was assessed according to an
overall score based on 180 nonosyl | abl es. It was found that,
the cases of tunor of the tongue and the lateral part of the
floor of the nouth had excellent scores in all classes of
sounds, and the subjects wth tunor of the anterior part of

the floor of the nmouth had | ow overall scores.

Post operative articulatory functions of 10 patients who
received reconstruction with a recto -abdom nal nyocutaneous
free flap after gl ossectony was exam ned by |kema-Y (1996).
On the basis of resection sites, the cases were divided into
an anterior type and a lateral type. The functions were
investigated by standardized tests, ie., a questionnaires,
the 100 Japanese nonosyl |l abl e speech intelligibility test and
a single word intelligibility test. For the nonosyll able
speech intelligibility test the nmean score in cases of the
anterior type was 48% and in those of the lateral type it was
62% For the single word intelligibility test the nean
scores in cases of the anterior type was 75% and in |ateral
type it was 83% In anterior type, dental and alveolar
sounds were often confused with fricatives and in lateral

type, velar sounds were confused with affricates.
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STUDIES OF I NTELLIG BILITY I N GLOSSECTOVEES

Eskew and Shepard (1945) report on a 22 year old man in
whom clinical exam nation reveal ed the absence of the tongue,
with no rudinentary structure resenbling a tongue. The
speech was intelligible and he was able to swallow wth

little difficulty.

During a 12 nonth period extending from July, 1967,
t hrough June, 1968, 25 gl ossectom zed patients are exam ned
by the speech pathology staff at the veteran's adm nistration
hospi tal audi ol ogy and speech pathol ogy service. The speech
was characterized by extreme articulatory and phonol ogical
di stortions. The voices were found to have an extrenely |ow
pitch and a very narrow pitch range. A common gutteral
gquality, confounded by excessive pharyngeal and oral noise,

conpounded the intelligibility problem

A study was done to explore the effect of vocal
par anet er mani pul ati on on certain aspects of t he
intelligibility of 68 glossectonees, i.e., low frequencies
gutteral quality and extraneous noi se. It was observed that
there was high differences between a glossectonee sonogram
and the normal printout in all cases. The gl ossect onees
displayed a tendency to diverge in duration from the tine

base of the normal speaker. Those with a shorter duration
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than the normal speaker were anong the least intelligible.
The first formant frequency band appeared to extend over a
wider range for the less intelligible and to decrease in
range consistently as intelligibility inproved. The second
formant was absent in the unintelligible speakers sonograns.
The spectrograns of wunintelligible and |east intelligible
speakers, a w dely distributed random noi se pattern appeared

and showed highest intensity at the |ower frequencies.

Conpensatory articulation patterns on the glossal

phonenes were devel oped in a study of 14 total and 11 parti al

gl ossect onees by Skelly (1971). Successful conpensations
were exam ned by cineflurography. On adm ssion the partial
gl ossectonees ranged between 6 - 24% intelligibility as

measured by OD W - 22 PB word lists and shifted after the
therapy sequence to a range of 24 - 46% The total
gl ossect onees ranged from 0 - 8 % intelligibility on

adm ssion, and shifted to a range of 18 - 42% in the program

Conrad La Riviere (1974) report on the perceptual
characteristics of speech followng glossectony before the
initiation of any therapy of a 32 year old female who
underwent radical glossectoray and parti al Phar yngect ony.
Two word lists of Rhyne test was used to evaluate the

subj ects intelligibility. Vowel intelligibility was
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investigated wusing a fill - in - the m ssing vowel
construction and finally, 10 sentences were selected as an
informal check of overall intelligibility. The results
revealed that the control subjects were significantly nore
intelligible than the glossectonee for all materials except
the sentences. Anong initial consonants, bilabial [p,b, M and
| abio dental [f,v] were highly intelligible and phonenes
[r,g] were not intelligible. Overall intelligibility was
lower for nost of the final consonants. The nore extrene
vowel positions were nis-identified nore frequently and a
neutral vowel was perceived instead. Spectrographic nmeasures
of vowel formant frequencies showed that formants were
shifted to nore "neutral" position. The intelligibility of

t he gl ossectonees sentence productions was as high as 88. 8%

Conrad La Riviere (1975) report on the speech
intelligibility of a glossectonee based on perceptual and
acoustic analysis. Results based on perceptual analysis were
simlar to Conrad La Reviere (1974). On acoustic analysis it
was found that the formant structures of the vowels were
shifted to nore 'neutral' positions, the front vowels were
backed, the back vowels were sonewhat fronted, the high
vowels were lowered and the low vowels were raised. The
vowel [a] was the nost intelligible of the vowel productions

(90% followed by [u] and [i] which was 51% and 33%
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respectively. [ 3 ] was the least intelligible [99%9.
D phthongs had a sonewhat higher nean intelligibility (50%
than vowel s. Mean durations for [b] & [d] were highly
simlar to [p] and [t]. It was concluded that phonene
duration contributed to intelligibility and confusibility,

especially for stop consonants [p,b,t,d].

Leonard (1982) studied the effects of a prosthetic
tongue on vowel intelligibility in a patient with total
gl ossect ony. On vowel rhyme test the vowel intellibility
inproved from 48% to 64% with use of the prosthesis. The
front vowel s appeared better preserved than back and central

vowel s, in both prosthesis and nonprosthesis conditions.

Ant oni (1984) studied the phoniatric disturbances in
patients after parti al tongue resection for malignant
neopl asns. The results indicated that the cases had
rhinolalia aperta, along with a disorder in articulation of
front and back consonants and vowels /e/ and /i/. The nost
frequently disturbed consonants were /r,l,s,z,k,g,h,t,d, &n/.
The articulation of speech sounds was unclear, blurred and
i naccur at e. The rapidity of the utterance of the isolated
syll ables was slower. There was slow ng down of the rate and

blurring of the articulation of the speech sounds in
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spont aneous speech and reading. The acceleration of the

speech rate decreased its intelligibility.

Speech production followng partial glossectony was
studi ed by Sanuel (1988). He reported that 15 - 30% of words
and 40 - 50% of individual sounds were intelligible. Across
the palatonetric neasures of the CVC words, it was found
that greatest contact occurred during production of [t]

followed by [/] [s] [z] and [K].

M chi (1989) investigated the speech intelligibility of
4 gl ossectony patients before and after a secondary operation
in which a split skin graft was wused to nobilize the
resi dual tongue. In each case, the post operative speech
intelligibility scores were higher than pre operative ones.
Sounds produced with the rear portion of the tongue were
improved in 3 cases, and plosive and affricative sounds were
improved in all cases. This is due to the increased

nmobility, especially the md and rear portions of the tongue.

Imai (1988), M chi waki (1990) reported that speech
intelligibility was highest anong gl ossectom zed patients for
whom reconstruction involved a forearm flap, especially in
stop sounds and sounds produced with the rear portion of the

t ongue such as [k, g].
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Studies on speech characteristic of the glossectonees
are very few in Western |anguages and this area has not been
touched in Indian |anguages. Hence, the purpose of the
present study is to conpare the speech of glossectonees
(Mal ayal am speakers) to that of nornmals. This will help is
better understanding of the speech of the gl ossectonees and

iatheir rehabilitation.
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MVETHODOLOGY

The present study ainmed at conparing the speech of
gl ossectonmee and normal on the foll ow ng paranmeters at word
level, to determine the simlarities and differences between

the two. The follow ng paraneters were studied.

1. ACOUSTI C MEASURES:

a. Formant frequencies (FI, F2, F3) for the vowels in the
initial position.

b. Bandwi dth (Bl, B2, B3) for the vowels in the initial
position.

c. Burst frequency for the consonants ( p, b, t, d, k, g, t

and d) in the initial position.

2. TEMPORAL MEASURES:

a. Vowel duration (VD

b. Closure duration (CD)

c. Voice onset time (VOI

d. Burst duration (BD

e. Total word duration (TWD)

3. ACCEPTABI LI TY AND | NTELLI G BI LI TY.
Subj ect s:
Two groups of five Ml ayal am speakers participated in

the study. One group conprised of five glossectom zed
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speakers in the age range 44-63 yrs. These subjects had
undergone, either partial or total glossectonmy. Details of

t hese subjects are provided in Appendi x-1.

The other group conprised of five normal speakers
matched for age and |anguage wth the glossectom zed
speakers. This group had no speech and hearing inpairnents,
no neurological inpairment and no history of any other

problem related to speech and heari ng.

Speech material :

The test material consisted of twenty six neaningful
Mal ayal am wor ds. The word Ilist is given in Appendix-I1.
From the word list ten vowels occurring in the initial
position and eight consonants occurring in the initial and

nmedi al position were selected.

A standard Ml ayal am passage (Appendix 111) was sel ected

to rate the acceptability.
Data Col | ecti on:

Al the speakers were first famliarized with the
mat eri al . The words were visually presented one at a tine
and the subjects were instructed to produce words followed by

a carrier phrase. A standard Ml ayal am passage was sel ected
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and the subjects were instructed to read the passage at their
confortable rate and | oudness. Finally, the subjects were
also instructed to take in a deep breath and phonate as |ong
as possible at their confortable |oudness and w thout any

breaks in between.

The speech sanples of all the subjects were recorded
individually in a sound treated room Recordi ngs were made
on hi-bias metal cassettes, using a professional stereo

cassette deck (Ahuja) and a AKG D222 dynamic cardioid
m crophone with a flat frequency response from 50-15,000 Hz.
The mi crophone-to-muth di stance was approximtely 10 cm for

all the subjects. These recordi ngs were used for analysis.

Anal ysis of the data: The analysis principally involved the

followi ng equipment:

1) Tape deck to play the recorded speech sanpl es.

2) Antialiasing filter (LPF having cut-off frequency at 7.5
kHz)

3) A-D/ID-A converter (sanpling frequency rate of 16kHz, 12
bit).

4) PC with intel Pentium 200 MHz m croprocessor

5) Software devel oped by voice-speech system Bangal ore.

6) Anplifier and speaker.
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Procedure used for analysis of different paraneters:

The program spectrogram was used to obtain a w de band
spectrogram (300Hz filter) display. The recorded speech
sanple was fed through the interface unit at a sanpling rate
of 16KHz wusing the program "Record" of VSS software. The
digitized sanples were used for the analysis. The | evel
i ndi cator of speech interface unit was used to nonitor the
intensity level of the signal to avoid any distortion while

digitizing the signal.

All the paraneters were obtained from the analysis of

digitized sanple of speech.

The digitized sanples of the first 16 words fromthe
[ist were used for the neasurenent of vowel duration. Cl osure
duration, burst duration and voice onset tine (VOT), neasured
from the di spl ay and bur st frequency nmeasured by
spectrographic analysis. From the second half of the word
list formant frequencies and band width for all the vowels
were neasured by spectrographic analysis. Total word
duration was neasured for all the twenty six words fromthe

di spl ay.
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a. BURST DURATI ON (BD):

The production of a stop consonant involves the conplete
cl osure of the vocal tract during which air pressure is built
up in the mouth. On the rel ease of the constriction, the air
pressure is abruptly released. The acoustic evidence of this
release is a burst or transient and the burst duration is no
| onger than 5-40 nsec. It is one of the shortest acoustic

events that is comonly anal yzed in speech.

b) VOAEL DURATI ON:

The vowel duration was neasured directly fromthe speech
wavef orm  The waveform was di spl ayed on the conputer nonitor
using the "D SPLAY" and 'SPGM programes of SSL. The vowel s
were identified based upon the regularity of the waveform and
vertical striation. The vowel duration was considered to
extend from the end of one periodic portion to the begining
of the next a periodic portion. (for vowels in the word
nmedi al portion). This duration was highlighted using the
cursors. The highlighted portion was played back through
headphones, to confirm that it contained the vowel under
st udy. Once this was confirmed, the duration of the

hi ghli ghted portion was read from the display.
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c. Closure duration:

The consonant closure duration indicated the time for
which the articulator is held in position for stop consonant.
Closure duration was the duration between the offset of
resonance for the preceding vowel and the onset of burst for
the stop consonant in intervocalic condition. The consonant
closure duration was determ ned by placing the cursor at the
term nal point of the preceding vowel to that of the onset of
burst following it in the spectrogram The tinme value thus
obtained was the consonant closure duration of that

consonant.

d) VO CE ONSET TI ME (VOT):

VOT was defined as the tinme equivalent space from the
onset of the stop release burst to the first vertical
stiriation representing glottal pulsing (Liberman, Delattre
and Cooper 1952: Lisker and Abranson, 1964). VOT was
nmeasured for the eight consonants in the target word fromthe
wave form and spectrogram using 'SPGM programme. The cursor
was nmoved to the first indication of energy associated with
the stop oral release and the cursor was noved to the
begining of the regularly appearing waveform of the vowel
followng that stop. The real time value (in nsec) between

these two markings provided the VOT for particular consonants
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e) . FORVANT FREQUENCI ES F1, F2, F3:

To extract the vowel formant frequencies (F1,F2,F3) a
spectrogram of each utterance using the "SPGUM program of the
software "SSL" was obtai ned. After identifying the target
vowel, the cursor was placed in the mddle of the vowel
portion so as to avoid the formant transitions, and the
formant frequencies were determ ned by using the sectioning
method through the use of linear predictive coding (LPC).
This was done with 18 LPC co efficients. The frequencies at
the peaks representing the formants were noted using the

cur sor.

f. BANDW DTH:

To extract the vowel formant bandw dth (B1,B2,B3), a
spectrogram of each utterance using the "SPGWM programe of
the software SSL was obtai ned. After identifying the target
vowel, the cursor was placed in the mddle of the vowel
portion so as to avoid the formant transitions, and the
bandw dt hs were obtained by using the "PAT PLAY" of the

software SSL.

g. Burst Frequency:

To extract the burst frequency, a spectrogram of each

utterance of the target sound, using the "SPGV progranmme of
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the software SSL was obtai ned. After identifying the burst,
the horizontal cursor was placed at the point of the second

formant, and thus the burst frequency was obtai ned.
h. TOTAL WORD DURATI ON ( TWD):

Wrd duration is the tinme taken between initiation and
termnation of a word. It was neasured directly from the
speech waveform The waveform was displayed on the conputer
nmoni tor using the "D SPLAY" programme of SSL. The words were
identified based upon the continuity of the waveform The
word duration was considered to extend fromthe begi nning of
the periodic signal to the end of the periodic signals. This
duration was highlighted through the use of cursors. The
hi ghlighted portion was played back through headphones, to
confirm that it contained the word under study. Once this
was confirmed, the duration of the highlighted portion was
read from the display and considered as the duration of that

particul ar word.

i. Acceptability:

Five Speech and Hearing Gaduates well versed in
Mal ayal am served as judges. The recorded speech Material of
the subjects were played through a tape recorder and the

acceptability rated on a 5 point scale (1 being the |east
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acceptable and 5, the most). The judges were not given any
specific criteria to rate the acceptability. The judges were
instructed to " rate the speech of the sanples that you hear,
on a five point scale with 1 for the least and 5 for
t he nost acceptable speech”. The ratings made by all the five
judges were averaged and that was taken as the acceptability
score for that subject. Thus the acceptability for the

subjects of the two groups was determn ned.

j. Intelligibility:

Fi ve speech and hearing graduates who were proficient in
Mal ayal am served as | udges. The test material read by the
normal and gl ossectony subjects was played to them randomy
from a tape recorder. The judges were instructed to "Wite
down the words on the sheet of paper, as you hear them You
can adjust the volume of the tape recorder to vyour
confortabl e |oudness |evels. A blank may be drawn for the
words that are not intelligible to you". The intelligibility
score was conputed as percentage [ (Nunber of words correctly
identified / 26) x 100]. Intelligibility scores provided

by all the five judges were averaged.

Thus the follow ng paraneters:
a. Formant frequencies

b. Bandwi dt h
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c. Burst frequency
d. Vowel duration
e. Closure duration
f. Voice onset tine
g. Burst duration

h. Total word duration

Were neasured for 26 words uttered by each normal and

gl ossectoni zed subj ects.
STATI STI CAL ANALYSI S:

Discriptive statistics consisting of nmean, standard
devi ati on, mnimum and naxi mum val ues were obtained for all
the paraneters analyzed. To check whether there were any
significant differences between the values of the nornal
group and gl ossectonmee group, the T-test was applied. All
the statistical analyses were carried using the statistical

sof tware package " SPSS".
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RESULTS AND DI SCUSSI ON

The objective of the present study was to find out if
there was a significant difference between the speech of

normal s and that of gl ossectonees.

ACQUSTI C ANALYSI S:

Twenty six Ml ayal am words uttered by five normal's and
five glossectonees were analyzed to obtain the follow ng

acoustic paraneters.

Vowel duration

Cl osure duration

Voi ce onset tine

Burst duration

Bur st Frequency

Formant frequencies (F1, F2,F3)
Bandwi dt h (B1, B2, B3)

® N o O A N e

Total word duration

The descriptive statistics was obtained for all the
measures i.e. the mean and the standard deviation, the
m ni mum and the nmaxi mum values were calculated for all the

par aneters.
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1. VOWEL DURATI ON:

Table 4 provides nean, standard deviation and range of
vowel duration in the speech of nornal and that of
gl ossectonee subjects Gaph 1 provides the nean values of

the vowel duration.

On an average, the gl ossectony subjects had | onger vowel

duration when conpared to the nornmal subjects.

The nmean vowel duration in normals for /al,/lil,lul,/el
and /o/ were 96.30 nsec, 83.82 nsec, 117.76 nmsec, 99.38 nsec
and 105.02 nsec respectively. 1In glossectonees, the nean
vowel duration for /a/, [/i/l, [ul, [lel, and /o/ were 145.18
nmsec, 184.94 msec, 202.41 nsec, 171.51 nsec and 172.04 nsec
respectively.

In normal s, the nmean vowel duration was shortest for /i/
(83.82 nsec) followed by /a/ (96.30 nsec), /el (99.38 nsec),
/O/ (105.02 nsec) and /u/ (117.76 nsec). However this trend
was not followed in gl ossectonees, where the shortest vowel
duration was found for /a/ (145.18 nsec) followed by /e/
(171.51 nsec), /o/ (172.04 nmsec), /i/ (184.94 nsec) and /u/
(202. 41 nsec).

Anmong both the groups the I|ongest vowel duration was
found for /u/ and shortest for /i/ and /a/ in normals and

gl ossect onees.
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Table 4. Mean, standard deviation range and nean difference values of vowe
duration in the speech of normal's and gl ossectonees.

GLCBSECTOMEE Me flerence
vovwel s Mean D Range Mean SD Range (N & doss)
¥ a 96.30 11.30 86-112(26) 145.18  34.32 94-184. 37 -64. 37

(90.37)
¥ 83.82 1519 61-103(42) 184.94  42.34 114-221 - 65
(107)
*u 11776  28.37 90-148.4 202.41 66.74 142.18-310.90 -110.32
(58.4) (168.72)
* e 99.38 7.86 87-107(20) 17151 35.50 147-231(84) -64
*J 105.02 6.16 98-113.31 172.04 25.84 137-207.8 -55.49
(15.31) (70.80)

* Significance difference between the means at 0.05 |evel.
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On T - test, it was found that there was significant
difference in vowel duration for all the five vowels between

normal s and gl ossect onees.

Hence, the hypothesis stating that there is no

significant difference in vowel duration between the normnals

and gl ossectonees was rejected.

2. CLCOSURE DURATI ON:

Table 5 provides nean, standard deviation, and range of
closure duration in the speech of nornmals and gl ossectonees.

G aph 2 provides the nean val ues of the sane.

In general, the closure duration in glossectony subjects

was slightly |onger when conpared to the normal subjects.

The closure duration for the bilabials /p/ and /b/,
voi cel ess velar /k/ and voiceless dental /t/, was longer in
normal s when conpared to gl ossectonees. The closure duration
for the alveolars /t/ and /d/, voiced velar /g/ and voiced
dental /d/ was Ilonger in glossectonees when conpared to
nor mal s.

The nean closure duration in normals was shortest for
/dl (59.20 nsec) followed by /g/ (63.80 msec), /t/ (73.20
msec), /d/ (75.40 nmsec) /p/ (88.47 msec)./b/ (106.20 nsec),
'kl (133.56 nsec) and /t/ (139.05 nsec).
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Table 5: Mean, standard deviation, (SD), range and mean difference values of
closure duration in the speech of the normals and glossectomees.
NORMAL GLOSSECTOMEE Mean
difference
Sd N Mean SD Range N Mean SD Range (N & Gloss)
p 5 8847 1624  68-106(38) 4 7175 1946 57-98(41) +16.72
b 510620 21.05 79-131(52) 3 84.66 19.03 65-103(38) +21.54
t 5 139.05 49.18 100-225(125) 5 14531 41.02 89-194(105) - 6.26
d 5 59.20 1754  36-77(41) 1 93.00 - - -
k 513356 2449 112-175(63) 5 127.75 52.66 71-184(113) + 5.81
g 5 6380 634  60-75(15) 2 11150 1343 102-121(19) -47.7
t 5 7320 1639 54-96(42) 4 57.50 574 53-65(12) +15.7
d 5 7540 1502 50-90 (40) 3 75.83 11.42 68.6-89(21) - 043
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In gl ossectonees, the closure duration was shortest for
[t/ (57.50) followed by /p/ (71.75 nsec) /d/ (75.83 nsec),
/bl (84.66 nmsec), /d/ (93.00 nsec), /g/ (111.50 msec), [/k/
(127.75 nsec) and /t/ (145.31 nsec).

Anong both the groups /t/had the Iongest closure

durati on.

In normal s, the nean closure duration for the voicel ess
bil abial and dental consonant were shorter than their voiced
counter part. That is, the closure duration for /p/ was

shorter than /b/ and closure duration for /t/ was shorter

than /d/. The closure duration for voiceless alveolar stop
and voiceless velar stop were longer than their voiced
counterpart. That is, the closure duration for /t/ was
longer than /d/ and closure duration for /k/ was |onger than
/d/ and closure duration for /k/ was longer than /g/. The

sane trend was seen in glossectony group al so.

On a average, the closure duration range was |onger in
normal's when conpared to glossectonees. The range in

normal s was 36-225 and 53-194 in gl ossect onees.

Cl osure duration was present anong all the five nornmnal
subjects for all the -eight consonants. However, anong

gl ossectonees only four subjects showed closure duration for
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/p/ and /t/, three for /b/ and /d/, five for /t/ and /k/, one
for /d/, and two for /g/.

On statistical analysis it was found that there was no
significant difference in closure duration between normals

and gl ossect onees.

Hence, the hypothesis stating there is no significant
di fference in cl osure duration bet ween normal s and

gl ossectonees is accepted.
3. VA CE ONSET TI ME (VOT):

Tabl e 6a, and table 6b provides nean, standard deviation
and range of voice onset tine for the voiceless and voiced
consonants respectively, in the speech of normal's and
gl ossectonees. G aph 3a and 3b provides the nean val ues of

t he sane.

On an average, the normal's had nmuch |onger VOT when

conpared to gl ossect onees.
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Table 6a: Mean, SD, range and mean difference values of VOT for voiceless
consonants in normls and gl ossectonees.

NORMAL GLOSSECTOMEE Nbafn

ITference

Sd N Mean SD Range N Mean SD Range (N & @ oss)

p 5 20.20 4.60 15-25 (10) 5 16.80 3.21  12-21(9) + 3.4

*t5 11.80 0.83 11-13 (2 5 20.82 8.86  12-35(23) - 9.02

k 5 24.40 801 17.37 (20) 5 19.2 6.72 12-30 (18) + 5.2

t 5 2200 264 18- 25(7) 5 23.25 5.40 19.25-32 -1.25

(12.75)

* Significance difference between the means at 0.05 |evel.
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In normals, the nean VOI for the voicel ess consonants
was shortest for /t/ (11.80 nsec), followed by /p/ (20.20
msec), [t/ (22.00 msec), and /k/ (24.40 nsec). However, in

gl ossectonees the nean VOT for the voicel ess consonants was
shortest for /p/ (16.80 msec), followed by /k/ (19.20 nsec),
/t/(20.82 nsec),/t/ (23.25 nmsec). The nean VOT for the voiced
consonants in normals was shortest for /d/ (99.80 nsec)
followed by /b/ (90.20 nmsec), /g/ (67.80 nsec) and /d/ (79.40
msec). This trend was not seen in glossectony subjects. The
shortest VOT was found for /d/ (73.37 nsec) followed by /b/
(57.12 nsec), /g/ (47.04 nsec) & /d/ (47.0 nsec).

The nmean VOT in normal's for all the voiceless
consonants were nmuch |onger when conpared to the voiced
consonant . The sanme results were observed in gl ossectonees
al so, where the VOT for voicel ess consonants were |onger than
t he voi ced consonants.

The range for bilabials /p/ and /b/, velars /k/ and /g/
were longer in normals when conpared to gl ossectonees. The
range for /p/in normals and gl ossectonees were 15-25 nsec and
12-21 nsec respectively. For /b/, normals had a range of 53-
121 msec and gl ossectonees had a range of 30.6-76 nsec. For
[kl, the range was 17-37 nsec in normals and 12-30 nsec in
gl ossectonees. The range for /g/ in nornmals and gl ossect onees

were 40-109 nsec and 33-63.7 nsec respectively.
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Tabl e 6b: Mean, SD, range and nean difference values of VOT for voiced consonants
in normals and gl ossect onees.

NORVAL GLOSSECTOMEE Nbﬁn
Irrerence
SN Man D Range N Man SD Range (N & @ o0ss)
*h 5 90.20 27.95 53-121 (68) 5 57.12 18.32 36.6-76 + 33.08
(45. 4)
*d 5 99.80 2046 76-117 (41) 5 4700 2390 2581 + 52.8
(56)
g 5 6780 2564 40109 (69) 5 47.04 1155 38-63.7 + 20.76
(30.7)
d 5 79.40 29.04 53-112 (59) 5 73.37 34.48 (4827.8173-)130 + 6.03

* Significance difference between the means at 0.05 |evel.
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The range for alveolars /t/ and /d/, dentals /t/ and /d/
were longer in glossectonmees when conpared to nornmals. For
/t/, normals had a range of 11-13 nsec and gl ossect onees had
a range of 12-35 nsec. For /d/, the range in normals and

gl ossectonees were 76-117 nsec and 25-81 nsec respectively.

The range for /t/ in normals and gl ossectonees were 18-
25 nmsec and 19.25-32 nsec respectively and for /d/, 53-112
msec and 42.87-130 nse in nornmal and gl ossect onees

respectively.

However, on an average it was observed that the normals

had a | onger VOT has gl ossect onees.

Significant difference was found for /b/,/t/ and /d/. No
significant difference was observed for /p/, [klI, [g/l, [t/
and /d/. However, on group statistics it was found that
there was a significant difference anong the two groups for

VOT.

Hence, the hypothesis, there is no significant
difference in VOl between normals and glossectonees is

rej ect ed.
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4. BURST DURATI ON

Table 7 provides nean, standard deviation and range of
burst duration in the speech of normals and gl ossectonees.

G aph 4 provides the nean values of the burst duration

Burst duration was conparatively Jlonger in nornal

subj ects than the gl ossectony subjects.

The nean burst duration for normal's and gl ossectonee's

were 6.39 and 5.93 nsec respectively.

Burst duration ranged from 4-9 nsec in normal's and 4-

8.8 nmsec in gl ossectonees.

I n gl ossect onees, burst was not observed and hence bur st
duration could not be measured for /d/,/k/,/g/,/tl and /d/.
Anong gl ossectonees, only three of the subjects presented
burst for /p/, two for /b/ and one for /t/. The consonants
were either distorted or substituted and hence burst was not

obser ved.

In cases where burst was present, the energy
concentration was very nmuch reduced when conpared to nornmals.

This may be due to reduced intra-oral pressure.

There was no significant difference for burst duration

bet ween normal s and gl ossectonees for /p/, /b/ and /t/.
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Table 7. Mean, D, range and men difference values of burst duration in the
speech of normas and glossectomees.

NORMAL GLOSSECTOMEE Mean difference

(N & Gloss)
Sd N MAN SO RANCE N MAN SO RANGE

P 5 6.5 1.52 59(4) 3 5.93 2.53 4-8.8(4.8) +0.65

b 5 660 150519 (3.9 2 50 070 4555 (1) + 16
t 5 5.62 1.19 4-7 (3) 1 7.5 - — - 1.88
5 6.0 0.61 56.5(1.5) -

5 6.50 1.48 5.1-9(3.9) -
5 7.18 1.28 6-9 (3)
5 672 0.78 5576 (2.1)

d
kK 5 59 115 47 (3)-
g
t

o
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5. BURST FREQUENCY

Tabl e 8 provides nean, standard deviation and range of

burst frequency in the speech of normals and gl ossectonees.
Graph 5 provides the nean val ues of the burst frequency.

Burst frequency was nmuch higher in glossectonees when
conpared to nornmals. The mean burst frequency for nornals

and gl ossectonees were 1659.05 Hz and 1730. 30Hz respectively.

Burst frequency ranged from 674-3309 Hz in nornmals and

1019- 2243 Hz in gl ossectonees.

In gl ossectonees, burst frequency could be neasured only
in cases where burst was present. Burst frequency could be
nmeasured from three of the gl ossectony subjects for /p/, two

for /b/ and one for /t/.

The mean burst frequency for /p/ in normals and
gl ossect onees were 862.20 Hz and 1506. 6Hz respectively. For
/bl, the burst frequency was 1162.60 Hz and 1105.5 Hz in
normal s and gl ossectonees respectively. For /t/, nean burst
frequency in normals was 1615.2 Hz and in gl ossectonees, 1853

Hz.



84

For /d/, [/kl, [g/, [t/ and /d/ , burst frequency could
not be neasured in glossectonees, since the burst was not
present. Hence, conparison of burst frequency for these

consonants could not be made between normals & gl ossect onees.

Significant difference was found for /p/ between the two

gr oups. No significant difference was observed for /b/ and
It/]. Hence hypothesis stating that there is no significant
di fference in bur st frequency between normal ' s and

gl ossect onees was accepted from /b/ and /t/ and rejected for

I pl.
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Table 8 Mean, standard deviation {SD), range and nean difference val ues of burst
frequency in the speech of normals and gl ossect onees.

NORVAL A.OSSECTOVEE Mean differenc

(N & @ oss)
Sd N MAN SD RANGE N MEAN SD
*n 5 862.20 134.96 674-988 3 1506.6 637.92 1121-2243 - 644.4
(314) (1122)
b 5 116260 309.14 956-1705 2 11055 12232 1019-1192 + 57.1
(749) (173)
t 5 1615.2 125.62 1427-1741 1 1853 — — - 237.8
(314)
d 5 1652.8 95.13 1521-1772
(251)
k 5 13896 9226 13021521 -
(219)
g 5 16152 209.26 1396-1929
(533)
t 5 2713.2 376.37 2274-3309
(1035)
d 5 2261.6 199.23 2023-2494
(471)

*  Significance difference between the means at 0.05 level.
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6. FORVANT FREQUENCY CHARACTERI STI CS OF VOWELS:

a. First Formant Frequency:

Tabl e 9a and Table 9b provides nean, standard deviations
and range of FI for short and long vowels respectively in the

speech of normal group and gl ossectony group.
Graph 6a and graph 6b provide nean val ues of the sane.

In general, the glossectony group had higher Fl than
t hose of the normal group. The nmean Fl values of all short
vowel s produced by glossectony subjects were found to be
hi gher than that of the normal subjects expect for /o/ (Iower
by 23.60 Hz). For /al/ the difference between the neans of
gl ossectonees and that of normals was 19 Hz, for /i/ - 67.2

Hz, for /u/ - 13.8 Hz, for /e/ - 33 Hz and for /O - 23.6 Hz.

However significant nean difference between the groups

was not found for any of the short vowels.

The nmean FlI values of all long vowels produced by the
gl ossectony group was found to be higher than that of
normal group except for the vowel /0:/ (lower by 640 Hz).
The nmean difference between the neans of glossectonees to
that of normal's for vowels /a:/, /i:/, [lu:l, le:] &o:l were

167.8 Hz, 62.4 Hz, 26.6 Hz, 54.4Hz and 6.4 Hz respectively.



87

Table 9a: Mean, standard deviation (SD), range and mean difference values of F1
for short vowels in the speech of normals and glossectomees.

NORMAL GLOSSECTOMEE Mean differenc
(N & Gloss)

V N MAN SD  RANGE N MEAN SD RANGE

a 5 783.80 58.59 737-862 5 802.8 131.73  651-996 19
(125) (345)

i 5 329 31 298- 360 5 396.2 67.06 298-454 67.2
(62) (156)

u 5 354.2 34.50 329-392 5 368 96.64  266-478 13.8
(63) (212)

e 5 398 51.73  360- 486 5 431 42.10  392-486 33
(126) (94)

05 4544 9746 313580 5 430.8 13385 235603 23.6
(267) (368)

Table 9b: Mean, standard deviation (SD),

range and mean difference values of

for long vowels in the speech of normals and glossectomees.

NORMAL GLOSSECTOMEE Mean differenc
(N & Gloss)
V N MAN SD RANGE N MEAN SD
a. 5 780.80 72.25 674-831 5 948.6 221.91 729-1270 167.8
(157) (541)
i 5 2884 30.55 251-329 5 350.8 69.46 274-462 - 624
(78) (188)
u: 5 355.6 55.69 321-454 5 382.2 97.48  243-494 26.6
(133) (251)
e: 5 379.8 63.04 329-490 5 434.2 72.09  345-525 54. 4
(161) (180)
0: 5 496.8 101.38 376-643 5 490.4 92.64 423-603 + 6.4
(267) (180)

Fl
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However no significant mean difference was found for any

of the long vowel s.

The hypothesis stating that there is no significant
different between the neans of Fl values of gl ossectonees and

normal s was accepted for all the vowels.

(b) Second Fornmant Frequency:

Table 10a and table 10b provi de nean, standard devi ation
and range of F2 for short and long vowels respectively in the
speech of the glosssectony and normal groups. Graph 7a and

graph 7b provi de nmean val ues of the sane.

The mean F2 values of all short vowels produced by the
gl ossectony group was found to be higher than that of norma
group except for vowels /i/ and /e/ which was |ower by 273.4
Hz and 280.8 Hz respectively. The difference in nean F2
between the two groups for vowels /a/, /i/, [ul, /el and /ol
were 298 Hz 273.4 Hz, 302.8 Hz, 280.8 Hz and 541.2 Hz

respectively.

Significant difference was found for all the short

vowel s.
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Tabl e 10a: Mean, standard deviation (SD), range and nean difference val ues of F2
for short vowels in the speech of the nornmals and gl ossect omees.

NORVAL QLCSSECTOVEE Mean difference

(N & G o0ss)

V. N MAN SD RANGE N MEAN SD RANGE

*a 5 1295.2 81.34 1207-1396 5 1593.2 259.56  1270-1929 - 298
(189) (659)

*i 5 2016.8 104.94 1929-2180 5 1743.4 149.58 1615-1992 + 273.4
(251) (377)

*u 5 11194 579.38 768-2149 5 14222 22629 1051-1662 - 302.8
(1381) (611)

*e 5 2023  49.64 1960-2086 5 1742.2 126.54 1615-1929 + 280.8
(126) (314)

¥ 5 856 183.36 705-1145 5 1397.2 256.13  956- 1615 - 541.2

(440) (659)
* Significance difference between the nmeans at 0.05 |evel.

Table 10b: Mean, standard deviation (SD), range and mean difference values of F2
for long vowels in the speech of the nornmals and gl ossect mees.

NCRVAL A.OSSECTOVEE Mean difference
(N & d 0ss)

V. N MAN SD RANGE N  MEAN SD RANGE

*a: 5 1226.2 112.04 1082-1364 5 1990.4 492.24  1451-2651 - 764.2
(282) (1200)

*I: 5 2154.8 111.76 2054-2305 5 1712.4 155.35 1560-1960 + 442.4
(251) (400)

*u. 5 757 148.16 666-1019 5 1361 254 1019- 1654 - 604
(353) (635)

*e: 5 1965.8 40.16 1898-1992 5 1733 124,95  1584- 1866 + 232.8
(94) (282)

*O 5 879.6 139.31 745-1082 5 1347 300. 18 956- 1741 - 467.4
(337) (785)

*  Significance difference between the means at 0.05 level.
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The values of nmean F2 of all long vowels produced by the
gl ossectony group were higher than that of the normal group
except for vowel /i:/ and /e:/ which was |ower by 442.4 Hz
and 232.8 Hz respectively. The difference in nmean F2 between
the two groups for vowels /a:/, [i:/, [lu:l, /e:/ and /o:/
were 764.2Hz, 442.4 Hz, 604 Hz, 232.8 Hz, and 467.4 Hz

respectively.

Significant difference was found for all the long

vowel s.

The hypothesis stating that there is no significant
difference between the neans of F2 values of gl ossectonees

and normals was rejected for all the long and short vowels.

(c) Third Fonnant Frequency:

Table Ila and table [|1b provide nean, standard
devi ation, and range of F3 for short and long vowels in the
speech of the glossectonmy and nornmal groups respectively.
G aph 8a and graph 8b provide nean values of the sane.

The gl ossectony group had higher F3 than those of the
normal  group. The mean F3 values of all short vowels
produced by the gl ossectonmy group was found to be higher than
that of normal group. The difference in nmean F3 between the
two groups for vowels /a/,/il/,/ul,lel and /O were 306.6 Hz,

76.4 Hz, 177.4 Hz, 178.8 Hz and 365 Hz respectively.
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Table |la: Mean, standard deviation (SD), range and mean difference values of F3
for short vowels in the speech of normals and gl ossect onees

NORMAL (3_OSSECTQVEE Mean difference
(N & G 0ss)

V N MAN SD RANGE N  MEAN SD

*a 5 2561.2 211.37 2337-2894 5 2867.8 371.92 2266-3192 - 306.6
(557) (926)

I 5 2688.2 60.28 2588-2745 5 2764.6 67.77  2690-2870 76. 4
(157) (180)

*u 5 2500 564.27 1992-3466 5 2677.4 308.17  2149-2902 - 177.4
(1474) (753)

*e 5 2824.6 331.52 2556-3396 5 3003.4 226.4 2870- 3403 - 178.8
(840) (533)

*o 5 2381 81.04 2243-2447 5 2746 178.35  2611- 2964 - 365
(204) (353)

*

Tabl e | 1b: Mean,

Significance difference between the neans at 0.05 |evel.

standard deviation (SD?],
for long vowels in the speec

range and nean difference values of F3
of normals and gl ossect onees.

NORVAL GLOSSECTQOMEE Mean difference
(N & G 0ss)
V. N MAN SD RANGE N  MEAN SD RANGE
*a: 5 2613  135.68 2431-2776 5 3332.8 988.87  2360-4972 - 719.8
(345) (2612)
*i: 5 2838. 161.52 2713-3121 5 3030.2 223.54  2839- 3403 - 191.6
(408) (564)
*u: 5 2627  336.4 2164-3027 5 2978.2 315.4 2713- 3466 - 351.2
(863) (753)
*e: 5 2571.4 135.54 2494-2807 5 2856.2 249.92  2494-3200 - 284.8
(313) (706)
*0: 5 2467  279.52 2149-2909 5 2786.8 374.21  2517-3403 - 319.8
(760) (886)

*

Significance difference between the means

at 0.05 level.
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The nmean F3 values of all long vowels produced by the
gl ossectomnmy group was found to be higher than that of normal
group. The difference in nmean F3 between the normals and
gl ossectonees for /a:/, [i:/l, lu:/, le:/ and /o:/ were 719.8

Hz , 191.6 Hz, 351.2 Hz, 284.8 Hz, 319.8 Hz respectively.

Significant difference was found for F3 between the

normal and gl ossectony group.

Hence, the hypothesis stating that there is no
significant difference between the neans of F3 values of

normal s and gl ossect onees was rejected.

7. Bandwi dt h:

Table 12a, table 12b and table 12c provides nean,
standard deviation and range of BlI, B2 and B3 respectively

for normals and gl ossect onees.

Graph 9a, graph 9b and graph 9c provide the nean val ues

of the sane.

The three bandwidths Bl, B2, and B3 were determ ned for

all the vowel s.

In general the bandwidth were higher for normals than

t he gl ossect onees.
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Table 12a: Mean, standard deviation (SD), range and meen difference values of Bl
for normals and glossectomees.

*  Significance difference between the means at 0.05 level.

NORMAL GLOSSECTOMEE Mean difference
(N & Gloss)

Vv MEAN SO RANGE MEAN SD RANGE

*a 165.4 61.8 102-238 3144 441 259-370 - 149
(136) (111)

a 276.6 138.31 160-464 375.4 11537 217-490 - 98.8
(304) (273)

i 159.4 59.96 105-243 93 50.06 58-196 + 66.4
(138) (138)

I 241.6 193.67 94-568 129.80 110.13 51-322 + 111.8
(474) (271)

*u: 442.4 238.63 168-704 12580 55.83 67-209 + 316.6
(536) (158)

u: 312.6 245.52 128-744 110 33.41 66-153 + 202.6
(616) (87)

e 2154 17422 71-512 104.2 37.35 57-153 + 111.2
(441) (96)

e: 235.2 139.9 96-411 114.2 23.03 80-143 + 121
(315) (63)

0 255.2 56.30 173-329 271.8 149.46 105-402 - 16.6
(156) (297)

0. 218 105. 72 104-371 166 48. 28 129-250 + 52
(267) (121)



Table 12b: Mean, standard deviation (SD), range axd memn difference values of B2

94

for normals and glossectomees.

*

Significance difference between the means at 0.05 level.

NORMAL GLOSSECTOMEE Mean difference
(N & Gloss)

V MEAN SD RANGE MEAN SD RANGE

a 322.6 101.6 203-431 393.6 115.02 232-494 - 71
(228) (262)

*a: 342.4 131.96 216- 504 195.2  71.88 98-299 + 147.2
(288) (201)

i 390 200.19 246-742 220.2 121.11 105-397 + 169.8
(496) (292)

K 312.8 220.64 146-684 239 135.94 130-474 + 73.8
(538) (344)

*U 693.6 104.65 534-785 283 163. 63 116-499 + 410.6
(251) (383)

*u: 536.2 207.2 361-882 259 98. 34 155-394 + 277.2
(521) (239)

e 325.6 153.47 227-597 193 79. 64 105-288 + 132.6
(370) (183)

e: 431.6 219.71 268-807 236.8 97.74 97-324 + 194.8
(539) (227)

*0 519.80 181.84 352-815 322.6  94.97 247-485 + 197.2
(463) (238)

0: 450.6 259. 34 229-848 396.2 102.61 311-566 + 54.4
(619) (255)
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Table 12c: Mean, standard deviation (SD), range and mean difference values of B®
for normals and glossectomees.

NORMAL GLOSSECTOMEE Mean difference
(N & Gloss)

V MEAN SD RANGE MEAN SD RANGE

a 531 137.32 380-678 620.8 211.83 412-853 - 89.8
(298) (441)

a 579 199.19 358-868 3704 134.7 182-531 + 208.6
(510) (349

[ 428.2 231.09 132-781 414 129. 61 230- 566 + 14.2
(649) (336)

I 474.8 247.38 215-862 339.2 107.05 212-463 + 135.6
(647) (251)

*Uu 787.2 212.03 495-999 395.6 158.64 226-628 + 391.6
(504) (402)

*u: 596.2 121.67 446-738 404.6 145.84 254-591 + 191.6
(292) (337)

e 523.2 207.27 334-749 350.2 117.14 240-550 + 173
(415) (310)

e 490.2 163.76 273-701 510.2 221.92 342-875 - 20
(428) (533)

0 561.2 182.77 329-787 429.2 268.67 116-668 + 132
(458) (552)

0: 447 148.02 317-676 366.4 179.79 96-516 + 80.6
(359) (420)

Significance difference between the means at 0.05 level.
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Bl for normals were higher than the gl ossect onees except

for vowels /a/, /a:/ and /o/.

Significant difference were found for vowels /a/ and

lul.

B2 was also found to be higher in normals than
gl ossect onees except for /al. Significant difference was

found for vowels /a:/, /u/,/u:/ and /o/.

B3 was found to be higher in normals when conpared to
gl ossect onees except for /a/ and /e/. Significant difference

was found for vowels /u/ and /u:/.

Thus it can be noted that Bl, B2 and B3 for the vowe
fal, B and B2 for /a:/ and /J and B2 and B3 for /u/ and

[u:/ is higher in glossectonees than nornmals.

B3 for /a:/ and /o/, Bl for /u/ and /u:/, and B1l, B2, B3
for /i/l, [i:/,lel,le:] and /o:/ was higher in normals than

gl ossect onees.

On group statistics it was found that there was no
signi ficant di fference for Bl bet ween nor mal s and

gl ossect onees.

However, significant difference was found for B2 and B3

between the two groups. The hypothesis stating that there is
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no significant difference in the nmeans of BlI, B2 and B3
between the two groups is rejected for B2 and B3 and

accepted for BIl.

8. Total Wobrd duration:

Tabl e 13 provide nean, standard deviation and range of

word duration for normal and gl ossectonees.

Graph 10 provide the nean values of the sane.

The nean word duration produced by the glossectonees

were found to be higher than that of nornmals.

The nmean word duration produced by the normals had
| ongest duration of 682.40 nsec for /u:nja:l/ followed by
words /udspal/, /Annarn/, [i:tp\/, /e:ni/, la:n/l, I~:1A/,
/onna/ / HA/ and /eli/ with word durations of 649.4 nsec,
639.80 nsec, 629.8 nsec, 623.8 nsec, 622.4 nsec, 573 nsec,
559.80 nsec, 444.6 nsec and 429.6 nsec respectively. \Were
as glossectonees had the word duration in the order of
[urnjal/, /udopal/, /e:ni/, [li:tj\/, Annarn/, /0:1A/, [a:nA
[jnna/ /elil/ and / HA/ with word durations of 852.40 nsec,
832.4 msec, 788.4 nsec, 772.4 nsec, 757.4 nmsec, 740 nsec,
729.8 nmsec, 672.40 nsec, 592.4 nmsec and 484.8 nsec

respectively.
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Table 13: Mean, Standard deviation (SD), range and mean difference values of word
duration in normals and glossectomees.

NORMAL GLOSSECTOMEE Mean difference
(N & Gloss)
Words VEAN SD RANGE MEAN SD RANGE
Anmn3n 639.8 77.85 512-712 7574 177.09 525-950 - 1176
(200) (425)
a nA 622.4 131.8 400-750 729.8 116.37 612-875 - 107.4
(350) (263)
ilA 444.6 156.04 262-687 484.8 89.97 362-600 - 40.2
(425) (238)
It A 629.80 117.39 425-725 7724 164.41 550-975 - 1426
(300) (425)
udap] 649.6  75.04 537-712 832.40 176.45 537-950 - 182.8
(175) (413)
U nj 682.40 97.65 537-800 852.40 118.65 725-975 - 170
<l (263) (250)
*eli 429.6 72.62 337-537 592.4 123.59 375-675 - 162.8
(200) (300)
eni 623.S 133.39 400-725 788.4 154.69 575-980 - 164.6
(325) (405)
onn3 559.80 107.21 375-637 672.40 162.96 450-812 112.6
(262) (362)
O 1A 573 137.91 400- 750 740 143. 17 550- 875 - 167
(350) (325)

* Significance difference between the neans at 0.05 |evel.
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In both the groups the word /u:nja:l/ had the |ongest

dur ati on.

The nmean difference between normals and gl ossectonees
for the words /Anna:n/, /a:nA/, [ HA/ , [iit.J\/, [udspal,
fu:nja:l/, /lelil, /le:ni/, /0nn3/ and /0:1A/ were 117.6 mnsec,
107.4 nsec, 40.2 nsec, 142.6 nsec, 182.8 nsec, 170 nsec,

162.8 nsec, 164.6 nsec, 112.6 nsec, & 167 nsec respectively.

The nmean word duration produced by the gl ossectomny group
were found to be higher than that of the normal group by 40.2
- 182.8 nsec.

Si gni fi cant di fference bet ween t he nor nal and
gl ossectony groups was found for words /u:nja:l/ and /elil.
No significant difference was found for the other words

bet ween the two groups.

Thus, the hypothesis stating that there is significant
difference between the nean word duration of the normals and
the gl ossectonees was rejected for words /u:nja:l/ and /eli/

and accepted for the other words.

9. INTELLIGBILITY
Table 14 and graph 11 provide the mean intelligibility
scores (percentage) conmputed from the scores of five judges

for the normal and gl ossectony groups.
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The speech of normal group was nore intelligible than
t he gl ossectonee speech. | nspection of the range indicated
that there were speakers in glossectomy group who had
achieved 91% intelligibility. The nmean intelligibility
scores of the glossectony group was 61.72% and that for the
normal group was 99.54% The scores ranged from 40-91% and
98- 100% i n gl ossectonee's and normal s respectively.

Tabl e 14: Mean and Range of intelligibility scores
(percent age) .

MEAN RANGE
d ossect onee 61. 72% 40-91%
Nor mal s 99. 54% 98- 100%
d oss + Nornmals 80.63% 40-100%

10. ACCEPTABI LI TY:

A five point scale with one being the "least acceptable
and five being the "nost acceptable” was used to rate the
acceptability of speech of subjects of normals and
gl ossect onee’ s. Five judges rated the acceptability of

t he speakers individually.

Tabl e 15 and graph 11 depict the judgenents on the

acceptability ratings for both the groups. The gl ossectony
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group showed | ower acceptability ratings as conpared to

nor mal s.

The gl ossect onee speakers had a nean rating of 2.5 and
normal s had a nean rating of 4.88. The higher Iimt of the
range in the gl ossectony group (1-3.5) did not fall in the
range of the normal group (4.5-5).

Tabl e 15: Mean and Range of acceptability rating for normals
and gl ossect onee's.

VEAN RANGE

d ossect onee 2.5 1-3.5

Nor nal 4.88 4.5-5
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DI SCUSSI ON

Antoni (1984) reported that rapidity of the utterance of
the isolated syllables and rate of articulation of the speech
sounds in spontaneous speech and reading is slower in
patients after tongue resection. Kent and Read (1995)
reports, speaking rate influences the vowel duration, i.e.,

sl ower speaking rate increases the vowel duration.

In the present study it was found that gl ossectonee's
had a |onger vowel duration than normals. The |onger vowel
duration in glossectonee's could be attributed to decreased
speech rate due to restricted novenent of the subcutaneous

flap which replaces the tongue.

G ossectonee's had |onger closure duration than nornals.
| ncreased closure duration can be attributed to inconplete
closure because of which it takes longer tine to build the
intra oral pressure required for the production of
consonants. The vowel portion and the closure could not be
separated for the consonants /p/, [bl/, [/d/, [g/, [/t/, and
/dl . Therefore, closure duration could not be neasured for

majority of the glossectony subjects.

Voi ce onset time (VOI) varies inversely with the rate at

which oral release gesture is made (Summerfield and Haggard,
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1977). In the present study it was found that gl ossectony
subj ects had shorter VOT when conpared to nornmals. [|nadequate
articulatory constriction, reduced intra oral pressure, and
longer tinme taken to make an oral release gesture due to |ack
of mobility of flap could have contributed to |owered VOT in

gl ossect ony subj ects.

Kent and Read (1995) reported that all stop consonant
require an articulatory blockage of 50-100 nsec and is
subsequently released with a burst of air as the air pressure
i npounded behind the obstruction escapes. In this study,
burst was not observed in gl ossectony subjects for /t/, /d/,

lkli, [Igl, [t/ and /d/. Burst was seen for /p/ and /b/.

However the energy concentration was reduced when conpared to
normals. This could be due to reduced intra oral pressure in
gl ossect ony speakers.

Absence of  burst in glossectony subjects can be
attributed to the lack of articulatory contact of the flap
with the velum palate and alveolus which leads to reduced
pressure behind the obstruction and air escape through the
i nconpl ete constriction. Due to this lack of articulatory
contact and absence of burst, +the stop consonants were

perceived to be distorted. Deborah (1982) also reported that
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stop burst was not present in the spectrograns of the
prevocalic stop consonants /p,b,t,d/. Due to the absence of
burst in gl ossectonmee speakers, burst frequency could not be
neasured in this group for /t/, [/d/, [/k/I, [gl/, It/ and /d/.
Burst frequency neasured for /p/ and /b/ revealed higher
burst frequency in glossectony group when conpared to
nor mal s. Absence of burst can be attributed to reduced
pressure due to inadequate contact of the flap with the

al veol us, palate and vel um

Venkatesh (1995) has stated that F; increased as the
point of constriction nmoved from front to back position of
the oral cavity and F; decreased as the height of the tongue
increased. In the present study it was found that gl ossectony
subjects had higher F; when conpared to nornals. These
findings are in contrast to the findings of Mrrish (1984),
where two highly intelligible total glossectonees had F;
corresponding to that of normal speakers for the vowels

li,e,a,o,ul.
Hi gher F; in gl ossectonees could be due to,

- Lack of elevation of the flap, and
- Restricted novenent of the flap towards the front of the

oral cavity.
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The frequency of F; tends to be lowred by a back
tongue constriction and raised by a front tongue constriction
(Picket, 1980). Venkatesh (1995) has reported that F;
decreased as the point of constriction noved from front to
back position of the oral cavity. The results of the present
study reveals that F, was raised in glossectony speakers when
conpared to normals except for vowels /i/, [i:/, [el and
le:l. In contrary to these findings, Mrrish (1984) found
reduced F, in two highly intelligible total glossectonee's

for vowels /i,e,a,o,ul.

Rai sed F, in glossectonee's for vowls /a/, /a:/, [lul,
fu:/, /ol and /o/ and lowered F, for vowels /i/, [i:/l, [el

and /e:/ can be explained as,

the flap was not back enough in the oral <cavity for the
production of /a/, /a:/, [ful, lTu:/, (o) and (o0:), hence
rai sed F,.

the flap was not front enough in the oral <cavity for the

production of /i/, /i:/, /el and /e:/, hence | owered F,.

Deborah (1982) reported that F;, and F, could not be

clearly separated from one another. Kent and Read (1995)
reported that constriction at the labial, pharyngeal, and
palatal level lowred the frequency of F; and constriction

near the larynx raised the frequency of Fs;. Pi cket (1980)
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reported of Ilowered frequencies of F;, F; and F; by lip
roundi ng. More the rounding, the nore the constriction and
the nore the formant frequencies are |owered. Fs, 1in the
present study was higher in glossectonees than normals. The
energy of F3 was also low for all the vowels. However, the
F; was neasured by increasing the gain. Deborah (1982) in
his study found that glossectonees had |ow energy at F; and
that it was not recorded. | nadequate constriction at the
| abial and palatal Ievel could have contributed to raised
frequency of F; in gl ossectonees. Poor |ip sounding due to
hem mandi bul ectony could also have contributed to raised

frequency of F; in gl ossectonees.

The formant bandw dth increased as the formants
increased in normals and gl ossectonees. This result is in
support with the results of study by Venkatesh (1995). He
found that formant bandwi dths increased as the formants

increased. This was al so supported by Kent and Read (1995).

It was also found that the formant frequencies were
inversely proportional to formant bandwidth in normals and
in gl ossect onees. The formant frequencies (F;, F,, F3) was
hi gher in gl ossectonees than normals, and the bandw dth was

[ ower in glossectonees than nornmals.
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Wrd duration increases for long vowels than for short
vowels by 100 nmsec (Venkatesh, 1995). This supports the
findings of the present study, where, it was found that words
with long vowels had |onger duration when conpared to words
with short vowels except for /Anna:n/ and /a:nA/ in both the
groups of subjects. [/a:nA/ had shorter duration than £
/nna:n/. This could be due to nore nunber of consonants in /

Annarn/ than /a:n-\/.

It was also found that gl ossectonees had |onger word
duration than nornmals. Restricted novenents and reduced
nmobi lity of the subcutaneous flap, reduces the rate of speech
and hence the vowel duration is increased. This increase in
vowel duration will in turn increase the word duration in

gl ossect onees.

In contrary to the results of Conrad La R viere (1974),
where the control subjects were significantly nore
intelligible than the gl ossectonees for all materials except
the sentences, in the present study it was found that the
gl ossect onee subjects were highly unintelligible than normals
for the sentence material. On a 5-point acceptability rating
scal e, the gl ossectonee speakers were rated to be between 1-

3.5 and normals were rated to be between 4.5-5.
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The intelligibility scores ranged from 40-91% in
gl ossectonee's and 98-100% in nornals. Though varying in
nmet hodol ogy, Skelly (1971) found a 0-8% intelligibility in
total glossectonee's and 6-24% intelligibility in partial
gl ossectonee's, which was rmuch lower than the findings of the
present study. Conrad La Riviere (1974) also found that the
control subjects were significantly nore intelligible than

the glossectonee's for all materials except the sentences.

Conpensatory articulatory postures acquired by the
gl ossect onee speakers in the span of one year post surgery
could have led to a high intelligibility scores in

gl ossect onee speakers.

Therefore, the findings of the present study were as

foll ows:
1. d ossectony speakers had nuch | onger vowel duration than
nor mal s.

2. Closure duration was slightly longer in glossectonees when
conpared to nornmal s.
3. Shorter VOT in glossectonees than nornals.

4. Absence of burst for /t/, /d/, [klI, Ig/l, /tl, and /d/.

5. Slightly longer burst duration and higher burst frequency

for /p/ and /b/ in glossectonees than nornmal s.
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6. { ossectonees had higher formant frequencies (F;, F,, F3)

when conpared to nornmals.

N

Large bandwi dth in gl ossectony speakers.

o

Longer word duration in gl ossectonee's.

9. Lower intelligibility scores in glossectonee's t han
nor mal s.

10. Normal speaker's were rated to be highly acceptable than

gl ossect onee speakers.

Thus, it can be concluded that intelligibility for
singl e words was higher than for sentences in glossectonee's.
This shows the lack of «coarticulation due to restricted
novenent of the flap in continuous speech. To achi eve
correct articulation, an adequate constriction, an adequate
pressure build up behind the constriction and an adequate
rate of oral release gesture is required which lacks in

gl ossect onee speakers.
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SUMVARY AND CONCLUSI ON:

Speech, I|ike all other npdes of communication, is
essentially a social activity. It has enabled individuals to
adjust thenselves to their surroundings and to learn to
custons, the background, of the groups into which they have
cone; it has nmade it possible for groups thenselves to unite
into socially organic units and to carry on their nornal
activities with a mnimm of friction and a maximum of
effectiveness; and finally it has provided a neans by which
one individual nay exercise a neasure of control over the

behavi our of those about him (Gay and wi se, 1959).

Speech, to be nost effective, should have agreeable
voice quality and the voice nust be distinctly articul ated.
To reach our social objectives in speech, our words nust be
understood and easily understood. Every sound in a spoken
word nust be given its proper value; the vowels nust be
clearly enunciated, the consonants sharply articulated. (Gay

and Wse, 1959).

The entire vocal tract contributes in the production of
speech. Wthin the oral cavity, anong the wvarious
articul ators, the tongue plays an inportant role in

articulation, control of secretions, formation of a bolus,
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propul sion of bolus toward the pharynx, cleaning the palate

and initiation of swallow reflex (Godoy 1991).

Travis (1988) reports that the tongue is crucial to
speech production because it is the prine determ nant of
vocal tract shape. However Froeschels (1933), Geen (1937)
stated that the tongue is not essential for speech, and that
congenital absence or adventitious loss of the tongue need
not prevent a victim of such loss from learning to talk.
Despite this claim the tongue is extrenely inportant, it is
due to the adept action of the tongue that nost of the
conpensatory novenents of speech are achieved by those
patients whose oral deformties preclude the devel opnent of

normal articul atory novenents.

A ossectony prevents normal articulation of the speech
sounds. Vowels, semvowels and lingual consonants are the
speech segnents nost seriously affected by a glossectony
procedure, though acoustic characteristics of all speech

sounds may be influenced by the altered vocal tract.

The present study ained at conparing the gl ossectonee
speech and normal speech at word level to determne the
simlarities and differences between the two. The paraneters

studi ed wer e,
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- Formant frequencies (FI, F2, F3)
- Bandwidth (BI, B2, B3)

- Burst frequency

- Vowel duration

- Closure duration

- voice onset tine

- Burst duration

- Total word duration

- Acceptability and intelligibility

Ten Mal ayal am (Five normals and Five gl ossectonee)
speakers participated in the study. The subjects were
instructed to produce twenty six words followed by a carrier
phrase. They were also instructed to read a standard

Mal ayal am passage.

The speech sanples were recorded in a sound treated
room Recordings were nmade on hi-bias netal cassettes, using
a professional stereo cassette deck (Ahuja) and a AKG - D 222
dynam c cardioid mcrophone with a flat frequency response
from 50- 15,000 Hz. The m crophone to nouth di stance was

approximately 10 cm for all the subjects.

For anal ysing the data, tape deck, antialiasing filter
A-D/D- A converter, PC, anplifier, speaker and a software

devel oped by voi ce speech system Bangal ore was used.
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The findings of the analysis were as foll ows:

The vowel duration was nuch longer in gl ossectony speakers
than the normal speakers. Significant difference was
found between the two groups.

The closure duration in glossectonees was slightly |onger
than the normals. No significant difference was found
Voice onset tinme was shorter in glossectonees when
conpared to the normals. Significant difference was found
bet ween normal s and gl ossect onees.

Burst duration was slightly longer in normal s when
conpared to gl ossectonees. However, mgjority of the

gl ossectony subjects did not show a burst for the

bi | abi al s al veol ars, vel ars, dentals.

Bur st frequency was higher in glossectonees than in
normal s. However, burst was not observed in majority of
the gl ossectory subjects.

Formant frequencies (FI, F2, F3) was higher in glossectony
speakers than normals. Significant difference was found
for F2 and F3 between nornmals and gl ossectonees and no
significant difference was found for FI.

Bandwi dth was nore in normals than in gl ossectonees.
Significant difference was found for B2 and B3. No

significant difference was found for BI.
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8. Word duration was |onger in glossectonees than in nornmals
for all the ten words.
9. Intelligibility scores were nmuch Jlower in glossectonees

t han normal s.
RECOMVENDATI ONS FOR FURTHER STUDY

1. Asimlar study can be carried out on a |arger group.
2. A simlar study can be conducted using subjects wth
di fferent types of gl ossectones.

Studies of simlar kind can be done in other |anguages.

W

4. A conparative study wusing subjects with and without

pal atal prosthesis can be carried out.
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APPENDIX -
PATIENT DETAILS

AGE/ SEX SURGERY DONE

CASE 1 56yrs/ M Conpl ete resection,
facial neck dissec-
tion, PMMC fl ap,

nmedi al petrygoi dect ony

CASE 2 44yrs/M Subtotal gl ossectony,
right facial neck
di ssection, PMVC fl ap,

hem mandi bul ect oy

CASE 3 63yrs/M Total gl ossectony,

partial neck dissection

CASE 4 56yrs/F Wde total excision,
neck dissecti on,

PMVC f1 ap.

CASE 5 48yrs/M Total gl ossectony,

hem mandi bul ect ony

DATE OF
SURCGERY

1.5.97

17.1.97

2.11.98

21.1.97

22.5.97

DATE OF
RECORDI NG

30.7.98

30.7.98

16. 11. 98

30.12. 98

30.12. 98



WORD LIST

1. /Kattil/
2. /Kitti/
3. /Kuda/
4. /tetta/
5. /Keodgu/
6. /di:pam/
7. /riban/
8. /pa:ta/
9. /ta:Kol/
10. /Khagam/
11. /Kathakali/
12. /gada:/
13. /bas/
14. /tap/
15. /dabbi/
16. /daja:/
17. /Anna:n/
18. /a:na/
19. /ila/
20. /iztfa/
21. /udapa/

APPENDIX

22.,
23.
24.
25.

26.

fusnjasL/
/eli/
)e:qi/
/onna/

/o:1Aa/



AprPENDIx : III

MALAYALAM  PassaGE

'§€jﬁa:

mAnU [ark3 S/\h&:jf\m tfejunna mnmjj/\fff onna:n
tenqa » Palntaam  tenginkaignd wnda. ivajil tfilad s
wvddadom  mats tfifad  nindadum  ana. tenga
ifapam  airikembof  patfanavatifom  muikumbof ifam
manjanavatifom  mavom o tfida kaigal  mata:fom
prtfanaratil  fanne  rikjom . i: Kajude  poram
knttijudn todugonds  muidi ivikjum . idinde ullil
Efgurijim  ndinde  Agata  kanunna tivatejude wlfid
tengejem  ifanivom  Kaipapadum - ifoniv kudikjuvan vafer
vatfiulfadana . ids nalla au}\glaaupnm uffndom a:na.
teggejude tiagari kajerundaikuvs:ram mud vaje figeri

meEe L;urle. /\3.«’53 navek J'u.\m:n/\m u.}m J'ojf k J'unnu. ;



APPENDIX - |V

DEFINITION

a) BURST DURATION (BD):

The production of a stop consonant involves the conplete
cl osure of the vocal tract during which air pressure is built
up in the nouth. On the release of the constriction, the air
pressure is abruptly released. The acoustic evidence of this
release is a burst or transient and the burst duration is no
| onger than 5-40 nsec. It is one of the shortest acoustic

events that is commonly analyzed in speech.

b) VOWEL DURATI ON:

The vowel duration was considered to extend fromthe end
of one periodic portion to the begining of the next a

periodic portion.

C) CLOSURE DURATI ON:

Cl osure duration was the duration between the offset of
resonance for the preceding vowel and the onset of burst for

the stop consonant in intervocalic condition.



d) VOl CE ONSET TIME (VOT):

VOT was defined as the time equivalent space from the
onset of the stop release burst to the first wvertical

stiriation representing gl ottal pul si ng

e) FORMANT FREQUENCI ES F1, F2, F3:

The cursor was placed in the mddle of the vowel portion
and the formant frequencies were determned by using the
sectioning method through the use of linear predictive
coding (LPC) . This was done with 18 LPC coefficients. The
frequencies at the peaks representing the formants were noted

using the cursor.

f) BANDW DTH:

The cursor was placed in the mddle of the target vowel
portion so as to avoid the formant transitions. The
bandwi dt hs were obtained by using the "PAT PLAY" of the

sof t ware SSL.

g) BURST FREQUENCY:

To extract the burst frequency, the horizontal cursor
was placed at the point of second formant, and thus the burst

frequency was obtai ned.



h) TOTAL WORD DURATI ON ( TV\D):

Wrd duration is the tine taken between initiation and
termnation of a word. The words were identified based upon
the continuity of the waveform The word duration was
considered to extend from the beginning of the periodic

signal to the end of the periodic signals.



