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Background and Purpose

It has been clinically noted that Korean cleft palate pati-
ents often presented a relative difficulty in the production of
words starting with an initial forced stop compared with those
words starting with other types of stops. In order to elucidate
the underlying possible factors making the production of the
forced stop difficult in cleft palate patients, an electromyog-
raphic study was made in normal Korean subjects during the
production of test sentences including nasal sound immedia-
tely followed by syllables with initial stops of three different
types, and the levator activity was compared among the three
types.

It is known that in Korean there is a three-way distinction
in both manner and place of articulation that serves to diffe-
rentiate nine stop consonant phonemes. For classification, the
three types are generally referred to as “forced”, “lax” and
“aspirated”. All stop types may occur in the syllable-initial
position to be realized as voiceless, while in the medial positi-

on, the lax stops are usually manifested by voiced allophones.

There are numerous reports aiming to clarify the acousti-
cal and physiological properties that differentiate the three
manner categories. Lisker and Abramson" reported in their
comprehensive study of values of voice onset time (VOT)
that the resolution of VOT values between the “lax” type
Tabie 1. Result of t-test
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and the “forced” type in Korean is not clear-cut but shows
overlapping, despite the notion that VOT values provided the
most useful measure in most languages for differentiating
various conditions of voicing and aspiration in word-initial
position.

Based on his cineradiographic studies, Kim” reported that
the glottal width in each type of the Korean stops at the arti-
culatory explosion correlated well to the length of aspiration.

Kagaya” made fiberscopic and acoustic studies on the Ko-
rean stops, affricates and fricatives and concluded that “forc-
ed” and “aspirated” types were characterized by some posi-
tive inherent laryngeal gestures. In particular, the “forced”
type appeared to be characterized by the completely adduc-
ted state of the vocal folds before the explosion, stiffening of
the vocal folds and their abrupt relaxation near the voice
onset, associated with increasing subglottal pressure and/or
lowering of the glottis immediately before the explosion.

Hirose, Lee and Ushijima® conducted an electromyogra-
phic (EMG) study on one subject of the Taegu dialect. They
found that in the “forced” stop, the thyroarytenoid showed a
sharp increase in activity before the stop release, which pre-
sumably resulted in an increase in inner tension of the vocal
folds as well as in constriction of the glottis during or imme-
diately after the articulatory closure.

These studies would suggest that, at least for Korean stops,

laryngeal articulatory adjustment is not limited in a simple

Postnasal segment

Subject 1 Subject 2

padzida 1

phadzida 096 1.114

P'adzida 0.92 1.033

tarida 1

tharida 1.227 1.053

t'arida 1.093 1.179

pida 1

phida 095 1.353

p’ida 1.108 1.33

tida 1

fhida 1113 1.332

t'ida 1.138 1.348

Postnasal Subject 1 Subject1 Subject1 Subject1 Subject2 Subject2 Subject2 Subject?2

segment  padzida tarida pida fida padzida tarida pida fida ave sd
Lax 1 1 1 1 ] 1 1 1 0
Aspirated 0.96 1.227 0.95 1.113 1.114 1.063 1.353 1.332 113776 0.144584
Fortis 092 1.093 1.108 1.138 1.033 1.179 1.33 1.348 1.143 0.134278

Paired t 0.019885 ali subj. : lax / aspirated

0.012931 all subj. :
0.441644 all subj. :

lox / fortis
aspirated / fortis
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An Electromyographic Study of the Levator Falatini Activity

dimension of adduction- abduction of the vocal folds, but that
another dimension, represented by thryoarytenoid activity for
example, can be taken into consideration.

The purpose of this study was to elucidate the underlying
mechanism that possibly causes extreme difficulties in produ-
cing the forced stop among cleft palate patients for seeking a
new way of improving their speech therapy.

Methods

“Igon .C.. (i)da.” (Thisis....)
[padzida] (trousers) [pida] (rain)
[p"ida] (blood)

[p’ida] (sprain)

[p"adzida] (waster paper)
[p’adzida] (fallin)
[tarida] (a bridge)
{t"arida] (a mask)

[ arida) (a daughter)

[tida] (“non sense word™)
[t"ida] (a mote)
[tida] (a belt)

a man from Seoul area designated as Subject 1 and a

Subject 2 "Igon. C...ida." (This s....)
Taking a note of the levator palatini activity for normal " voics
persons, we maid an attempt in a way of preliminary study M {
to find out how the levator palatini muscles were involved in 1a hod m
the production of postnasal syllables that include such three i
different types of stops as lax, aspirated and fortis. For the %\m
study subjects, two normal native Korean speakers in the volce
mid-thirties were selected; [\[ W V\f\_‘
1. Subjects : two normal Korean persons ta ol —
man : Seoul dialect. 33 years old
woman : chungchong dialect. 36 years old RO AT il e NP0 W
2. Test utterances N voice
. . . M 5
They are all meaningful utterances with one exception and JV b \,!“\
R e t =
presented phonetic transcription. These test words were utte- O PM
red in a frame “Igon __ "~ _ Ak
Subject 1 “Iigon. C.. ida.” (This is...) /nf jal
voice Fig. 2. Averaged EMG curves of LPM of Subject 2 for the ut-
terance type “lgon C... ida”.
AN
pa
LPM Subject 1 “Igon. C..ida.” (This is..)
M"N voice
voice . ,f \\\_]' f\-\
pi
N AR LPM
i ' o
LPM S i e
/an voice
voice o e \\_ j\
LPM
/./ P\ ¥/‘\J’\/\w\_\
p'a
LPM M”WJMWUMM
voice
o \/‘“M
nt ol o A
LPM
Fig. 1. Averaged EMG curves of LPM of Subject 1 for the ulte-
rance type “Igon C... ida”. These sounds are [pa, pha, p'al and, Mu/\w‘ Wbty
upper graph is a signal of the voice and, bellow is EMG pattern
of levator palatini activity. From this figure we can see, the width nt fif

of the EMG pattern of aspirated and fortis, which are more lar-
ger than lax. But they are very similar to each other. From next
figures we can see similar results.

Fig. 3. Averaged EMG curves of LPM of Subject 1 for the ut-
terance type “igon C... ida”.

- 120 —



Subject 2 “igon. C..ida.” (This is...)

up,

f pt ~ e,

voice

LPM

P \Jp\' voice
WM

i Pl
LPM

y A

L NI

™ W\WM

i

voice

LPM

Fig. 4. Averaged EMG curves of LPM of Subject 2 for the ut-
terance type “Igon C... ida”.

Postnasal segment-subject 2

1.8
1.5
1.2
09
0.6
0.3

pa pha pa ta tha ta pi phi pi H thi  ti
Bilabial stop+/a/ Alveolar stop+/a/ Bilabial stop+/i/  Alveolar stop+/i/

Fig. 5. Graphic comparisons of the result of t-test among the 3
types. This is graphic comparison of the result of t-test among
the 3 types of stops. From this graph, we can see the difference
more clearly. From all the segments, we can see aspirated and
fortis stops are more active than lax. But they are also similar to
each other.

woman from Chungchong Province designated as Subject 2.
They were required to utter the test Korean sentence at natu-
ral speed as; “Igon.C.. (i)da.” (This is ....) that begins with
the initial stops(C) of lax, aspirated and fortis. For EMG
recordings, hooked wire electrodes were inserted perorally
into the LPM through the oral mucous membranes in each
subject, and the EMG signals were recorded on the two-chan-
nel data recorder along with acoustic signals. As physical
noises can be mixed with the EMG signals during recordings,
subjects were required to repeat the test sentence for ten tim-
es each in order to eliminate such noise and observe overall
trend as needed. Later the recorded signals were reproduced
and fed to a computer through an integrator, and the resultant
data were rectified and averaged in accordance with a specific
time axis of acoustic signals. The computer-processed EMG
values for the three types of postnasal syllables were obta-
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ined and statistically compared using ‘t’ test.
Results

There was a significant difference in levator palatini acti-
vity for the postnasal syllable between the lax type and the
other two types. But no appreciable difference was found
between aspirated and fortis.

Comment and Conclusion

The present study revealed that the levator palatini
activity significantly increased more for the production of
the post-nasal syllables with forced and aspirated stops than it
did with lax. It was also found, however, that there was no
appreciable difference between aspirated and forced stops in
the levator palatini activity. Further studies employing a
larger number of subjects should be necessary to reaffirm the
present data, and search for differentiating factors between
forced and aspirated stops in Korean.

In a considerable number of cleft palate patients having
articulatory problems, different types of consonants, plosive
consonants in particular, tend to be replaced by a glottal stop.
Previous EMG studies” indicated that thyroarytenoid muscle
showed high activity during the production pronunciation of
Korean fortis stops. Therefore, if it is replaced by glottal stop
in the case of fortis stop, it may be very difficult to correct
this type of compensatory articulation.

Possibly, the rate of compensatory replacement of fortis
stop to a glottal stop could be higher than other stop types.

These points should be clarified in the next step of this re-
search. The present study only proved that there was the velo-
pharyngeal closure for fortis was as strong as for aspirated.
Thus, other factors including the tendency of compensatory
glottal stop pronunciation should be considered for elucidating
the difficulty in correction of fortis stop in cleft palate patients.

KEY WORDS : Cleft palate patient * Forced stop * Electro-
myographic study - Syllables with initial stops - The levator
activity.
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