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Nasometric assessment using Chula - 7 point

scale nasality test

Nantana Pracharitpukdee* Montira Pracharitpakdee**

Pongsri Sutantawibon* Sirachai Jindarak***

Pracharitpukdee N, Pracharitpakdee M, Sutantawibon P, Jindarak S. Nasometric assessment

using Chula - 7 point scale nasality test. Chula Med J 2000 Nov; 44(11): 845 - 57

Background ! As the need of a standard nasal assessment for the Thai native speakers,
the Chula- 7 point scale nasality test was developed with the linguistic
approach and designed for nasal resonance perceptual assessment.
Hypernasality and hyponasality were assessed utilizing this scale in cleft
palate patients since 1995. This study aimed to point out that apart from
the perceptual judgement, the Chula - 7 point scale nasality test can be
clinically used by the instrumental asessment.

Objective : Toconfirm the discriminatory power of Chula - 7 point scale nasality test
in perceptual and instrumental assessment.

Setting : Speech and Language Pathology Unit, Department of Rehabilitation
Medicine, King Chulalongkorn Memorial Hospital, Thai Red Cross Society,
Bangkok 10330, Thailand.

Research design : Descriptive statistics.

Patients * 30 subjects : 5 normal speech subjects (1 male, 4 females : age range
18 - 23 ) and 25 cleft palate patients (12 males, 13 females : age 16 - 41),
who had undergone surgery at the Department of Surgery, King
Chulalongkorn Memorial Hospital and received speech therapy at the
setting place.

Materials : The Chula - 7 point scale nasality test.

* Department of Rehabilitation Medicine, King Chutalongkom Memorial Hospital, Thai Red Cross Society
** Department of Languages and Social science, King Mongkut's Institute of Technology North Bangkok
**+Department of Surgery, Faculty of Medicine, Chulalongkom University
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Methods

Results

(intervention / measurement / statistics)

- The Chula - 7 point scale nasality test has 2 word sets ( 10 each) for

assessing the hypernasality and hyponasality.

- Investigation : perceptual assessment by specialists 2 speech and

language pathologists and 1 linguist. And instrumental assessment

by using the model 6200 - 3 Nasometer.
The two assessments for nasality were in close concordance. The
hypernasality test showed the high coefficient of correlation among all
the subject groups. And only the cleft palate patients with hyponasal
problem group showed significant differences in responding to the
hyponasality test. By the perceptual rating, the degree of nasality was
considered with the linguistic characteristics of the word stimuli. Therefore,
with the nasometric assessment, the nasalance scores of the fwo main
significantly indicating stimuli in each test were picked up to show the
ranges of different degree. For 10 word set of hypernasality test:
hypernasality cases : severe showed +3 and range 79 % (7.76) - 59.8 %
(5.81), moderate showed +2 and range 56.8 % (8.54) -32.5 % (5.54), mild
showed +1 and range 40.3 %(7.08) -21.4 % (7.23), normal speech subjects
showed 0 and range 19.9 % (7.43) -6.1 % (4.68) and hyponasality cases :
mild showed -1 and range 20.3% (10.87) -6.2 % (1.89), moderate showed -2
andrange 10.2 %(6.18)-5.9 % (3.33).

For 10 word set of hyponasality test : hypernasality cases : severe
showed +3 and range 84.8 % (7.30) -65.5 % (7.70), moderate showed +2
and range 73.5 %(5.43) -46.9 % (5.75), mild showed +1 and range 73.6 %
(6.45) -41.3 % (14.31), normal speech subjects showed 0 and range
68.2 % (7.26) - 50.9 % (8.16) and hyponasality cases : mild showed -1
and range 59.5 % (11.02) -40.9 % (3.31), moderate showed - 2 and range
51.4% (14.70)-25.6 % (13.38).
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Conclusions ¢ The Chula- 7 point scale nasality test can be used as a standard test to
identify nasality for the Thai native speakers both by perceptual and

instrumental assessment.

Key words ¢ The Chula-7 point scale nasality test, Hypernasality, Hyponasality, Cleft

palate.
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There are several speech symptoms frequently
associated with cleft palate and velopharyngeal
dysfunction, the major one being resonance disorder.
Therefore, the information concerning the charac-
teristics of nasality as well as the clinical assessment
and communicative consequences of the resonance
disorder is clinically important.” Comprehensive
methods of evaluation of resonance distortion and
instrumental assessments have been developed.?
These have been validated as reliable for English
language speakers. In Thailand, nasality assessment
for the Thai cleft palate patients is needed for many
reasons : Firstly, to assess speech production with
respect to the relative contributions of structure and
function versus learned behavior, Secondly, to plan
individual surgical and prosthetic palatal management,
Thirdly, to fit prosthetic speech aids, and finally, fo
investigate undesirable resuits foliowing physical
palatal management, such as symptoms of persistent
hypernasality, hyponasality or nasal airway obstruc-
tion. However, there have been few nasality tests for
the Thai native speakers, ®® one of which is the Chula-
7 point scale nasality test. The test was developed
by a linguistic approach and designed to identify
nasal resonance using auditory perceptual judgement.
The standard protocol was well - structured, based
on the Thai phonoiogy and used a systematically
executed clinical examination for easy administration.
Since 1995 the Chula - 7 point scale nasality test has
been employed to assess types and severity of
resonance disorders, not only for cleft palate patients
but also for the patients with dysarthria (motor speech
disorders), at the Speech and Language Pathology
unit, King Chulalongkorn Momorial Hospital.

Owing to the recent advances in technology

Chula Med J

it provides the opportunity for objective assessment
of nasality. The instrument, known as a Nasometer, is
a microcomputer-based instrument that provides the
user with a numeric output indicating the relative
amount of nasal acoustic energy in a subject’s
speech.® As interest has increased in instrumental
methods to assess nasal distortion, it has been
suggested that such methods are more reliable and
informative than only auditory perceptual judgments,
and therefore may lead to a more accurate diagnosis
and improved treatment planning. ” However, the
efficiency of the instrumental measurements base on
the speech stimulus items. In the Thai ianguage, the
Chula - 7 point scale nasality test is only the speech
stimulus word set available for nasal assessment in
the word level. This protocol uses appropriate speech
stimulus items for both pre-school children and adults
who can not read fluently. The purpose of the study
was to determine whether the Chula - 7 point scale
nasality test can be used with instrumental assessment
with Nasometer as effectively as with auditory

perceptual assessment.

Meteriais and Methods
The Chula - 7 point scale nasality test consists

of 2 word sets: (Appendix)

Chula 7-point scale nasality test :

Hypernasality test

iim in um 1ing UM
ED) um Tuad U iz

Hyponasality test

- - ar < -
HA g A 317} HA
Hanm HA HA NHA pit al
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1. A 10 word set s for assessing hypernasality. These
words was devoid of nasal consonant phonemes. The
voiced bilabial consonant are selected and designed
to assess the degree of severity with the suitable
various Thai vowel.

2.A 10 word set is for assessing hyponasality. These
words are the bilabial nasal consonants in the initial
position and voiced stop consonants in the final
position.

These 2 sets of words were selected to be
familiar as possible to Thai native speakers. All of
them are words with meanings, easy to remembered
and pronounced while testing. Additionally, there is
one more 10 word set available in the Chula-7 point
scale, known as the Chula- nasal emission test, which
is for perceptual assessing the nasal emission, but it
is not discussed in this study.

The investigation of the Chula - 7 point scale
nasality test was divided into two measurements:

1. The auditory perceptual assessment

Each subject was asked to read the words to
ensure the correct pronunciation before reading them
aloud. The subjects’ speech was evaluated by the
three specialists : one linguist and two speech &
language pathologists. A clinical assessment of
each subject was conducted by using a standard
evaluation protocol of Chula - 7 point scale nasality
test. ® The scales shows : +3 = severe, +2 =
moderate, and +1 = mild hypernaslity , 0 represented
normal resonance and -1 = mild, -2 = moderate, and
-3 = severe hyponasality. And each subject had to
pass the Chula - nasal emission test ® before receiving
the nasometric assessmsent.

2. The nasometric assessment

The model 6200-3 Nasometer is a microcom-

- -l -
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puter-based instrument that provides the speech &
language pathologist with a numeric output indicating
the relative amount of nasal acoustic energy in a
subject’s speech. The numeric ratio of nasal acoustic
energy to the sum of nasal plus oral acoustic energy
is calculated, multiplied by 100 and expressed as a
“nasalance score”. ® The device was calibrated and
the headgear was adjusted prior to testing. Each
subjects was also asked to read the 2 word sets of
the Chula - 7 point scale nasality test before testing.
As the disadvantage of the Nasometer that can not
detect the nasal emission, the patient with nasal
emission in his speech is very likely to obtain higher
nasalance scores. " However the subjects in this
study were excluded this problem by being tested

with the Chula - nasal emission test.

Subjects

The potential subjects for this investigation
were native Thai speakers and willing to participate in
the study. The subjects were capable of wearing the
headgear of the Nasometer and able to complete both
of the two examinations (perceptual and nasometric
assessments). The sample of subjects was 5 normal
speech subjects : 1 male, aged 18 and 4 females
with ages ranging from 20 - 23 (mean age 21.5) and
25 cleft palate patients: 13 males with ages ranging
from 16 - 33 years (mean age 23.8) and 12 females
with ages ranging from 16 - 41 years (mean age 25.9).
The 25 cleft palate subjects had prior cleft palate
operations at King Chulalongkorn Memorial Hospital
and had received speech therapy. The perceptual
assessment of oral-nasal resonance balance in each
subject speech was separated evaluated by three

specialists. According to the administration of Chula
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7-point scale nasality test, the nasality was assessed
with occluding and releasing the nares during the
pronouncing the word stimulus. The subjects were
asked to pronounce the words twice. During the tests,
the subjects’ speech was recorded and re-evaluated
by three specialists in the case of disagreement.
However, because of the test criterion and well-trained
specials the rating of the all subjects’ speech in this
study was agreed. And with the nasometric assess-
ment, the subtle differences could occur within 4 %
of nasalance scores as a function of stimuli type.®
The instrumentai test was also twice assessed and
the second result was picked up. The investigating
procedures were done at Speech and Language

Pathology Unit, Department of Rehabilitation Medicine,

King Chulalongkorn Memoriai Hospital during the -

period April 1999 - February 2000.

Results

The two set of 10 word stimuli were assessed
the normal speech subjects and the cleft palate
patients. The cleft palate patients were differentiated
into 2 groups : hypernasality cases and hyponasality
cases. The results of the investigation by using the
Chula 7-point scale nasality test showed the highly
coefficient correlation among the three groups in
responding to the hypernasality test and only the cleft
palate group with hyponasal problems in responding
to the hyponasality test. For the perceptual assessment
we considered the word stimuli, which based on
the linguistic characteristics, to evaluate the nasality
and grade the degree of severity.® Therefore, to show
the relation of the two assessments, the two main
stimuli, which can be significantly, indicated the most

difference of the nasal degree, were picked up. The
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nasalance scores of the two main stimuli were pointed
out the range of the nasal degree. The results of the
perceptual ratings of the patient group with hypemasal
problems were +3 , +2 and +1, representing severe,
moderate and mild hypernaslity, respectively. The
relating nasalance score agreed well to the rating. Table
1 shows the mean nasalance values and standard
deviation for the 10 word stimuli set for hypernasality
test and shows the relationships with the perceptual
rating. The hypernasality cases: severe + 3 was
indicated with the highest range of nasalance vaiue
79 % (7.76) - 59.8 % (5.81), the moderate + 2 was
showed arange of 56.8 % ( 8.54) - 32.5 % (5.54), the
mild +1 was showed arange 0f 40.3 % ( 7.08) - 21.4%
(7.23). (Table 1). For the normal speech subject, the
perceptual ratingis 0 and the nasalance score showed

arange of 19.9 % (7.43) - 9.85 % (4.65). (Table 2.)

Table 1. Shows the perceptuai rating and the
nasometric nasalance score, responding.

to the hypernasality test of the hypernasal

patients.

Perception  +3 (severe) +2 (moderate) +1 (mild)
Nasometer Mean (SD) Mean (SD) Mean (SD)
Word 1. 79 (7.76) 56.8 (8.54) 40.3 (7.08)
Word 2. 64.4 (363) 51.9(3.49) 309 (16.22)
Word 3. 69.2 (5.05) 51.8 (9.65) 30.1 (16.60)
Word 4. 71.4 (5.92) 41.8 (3.96) 33.7 (15.36)
Word 5. 56.9 (4.60) 34.8 (4.13) 26.1 (5.18)
Word 6. 59.8 (5.81) 325(5.45) 21.4 (7.23)
Word 7. 67.9 (7.24) 449 (9.86) 28.3 (11.90)
Word 8. 60.2 (6.57) 41.5(11.13) 24.8(11.78)
Word 9. 66.7 (8.18) 42.7 (7.05) 26.9 (11.11)
Word 10. 69.2 (8.39) 46.4 (9.79) 35.7 (6.36)

P = 050 P = 0.50 P = 099
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Table 2. Shows the perceptual rating and the
nasometric nasalance score, responding
to the hypernasality test of the normal

speech subjects.

Perception 0 (normal)
Nasometer Mean (SD)
Word 1. 19.9 (7.43)
Word 2. 21.8(12.87)
Word 3. 15.3(9.61)
Word 4. 21.2(9.76)
Word 5. 16.9 (8.28)
Word 6. 9.85 (4.65)
Word 7. 8.1(6.70)
Word 8. 6.1(4.68)
Word 9. 8.7(6.1)
Word 10. 17.8 (10.50)
P = 0.50

Table 3 contains the means and standard
deviations of the nasalance scores derived from the
Chula - 7 point scale nasality test of the hyponasality
cases, related to the auditory perceptual rating ; -1, -2
and -3 indicated mild, moderate and severe hyponasal
problems. Responding to the hypernasality test, the
results found that the hyponasality mild case -1 showed
a range of 20.3 % (10.87) - 13 % (2.42), and the
moderate -2 showed a range of 10.2 %(6.18) - 5.9 %
(3.33). But the severe hyponasality case -3 was not
found in this study. (Table 3.)

The second 10 word set for hyponasality test
was also employed with all the subjects by the two
assessments. And the nasalance scores of the two
main word stimuli were picked up to show the degree

of hyponasality of the subjects. The results showing
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that nasalance value of the hypernasality cases is
high too. The severe case +3 were associated with
the range of 84.8 % (7.43) - 65.5% (7.70), the moderate
+2 was indicated with the range of 73.5 % (5.43) -
46.9 %(5.75), the mild +1 was indicated with a range
of 60.1% (9.45) - 41.3 %(14.31). (Table 4.) For the
normal speech subject, the rating 0 the nasalance
value shows the range of 68.2 % (7.26) - 50.9 % (8.16).
(Table 5.) The performances of the hyponasality
patients to the 10 word stimuli for hyponasality test
were: the mild cases -1 with the range of 59.5 %
(11.02) - 40.9 % (3.31), and the moderate -2 with the
range of 51.4 % (14.70) - 25.6 % (13.36), respectively.
The severe hyponasality case -3 was not found in this
study. (Table 6.)

Table 3. Shows the perceptual rating and the
nasometric nasalance score, responding

to the hypernasality test of the hyponasal

patients.

Perception -1 (mild) - 2 (moderate) -3 (severe)
Nasometer Mean (SD) Mean (SD) Mean (SD)
Word 1. 20.3 (10.87) 10.2 (6.18)
Word 2. 24 (7.80) 9.8 (4.49)
Word 3. 17 (12.47) 12.9(5.79)
Word'4. 27.8(7.11) 8.5(5.79)
Word 5. 16.5(5.77) 8.4 (6.26)
Word 6. 13 (2.42) 5.9 (3.33)
Word 7. 6.2(1.89) 13.2(10.61)
Word 8. 8.4(3.44) 8.5(8.10)
Word 9. 13 (7.22) 7.3(6.26)
Word 10. 13.4 (6.05) 10.4 (6.57)

P = 0.50 P = 099
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Table 4. Shows the perceptual rating and the

nasometric nasalance score, responding

to the hyponasality test of the hypernasal

Chula Med J

Table 6. Shows the perceptual rating and the

nasometric nasalance score, responding

to the hyponasality test of the hyponasal

patients. patients.

Perception +3 (severe) +2 (moderate) +1 (mild) Perception -1 (mild) - 2 (moderate) -3 (severe)
Nasometer Mean (SD) Mean (SD)  Mean (SD) Nasometer Mean (SD)  Mean (SD) Mean (SD)
Word 1. 84.8 (7.30) 73.5 (5.43) 60.1 (9.45) Word 1. 59.5 (11.02) 51.4 (14.70)
Word 2. 84.1 (7.01) 76.4 (5.37) 62.4 (12.73) Word 2. 52.5 (11.07) 54.9 (11.69)
Word 3. 78.3 (1.79) 62.9 (4.26) 51.4 (12.69) Word 3. 50.9 (3.68) 46.3 (11.38)
Word 4. 77.5 (4.38) 65 (4.59) 73.6 (6.45) Word 4. 51.8 (5.97) 46.4 (8.45)
Word 5. 77.7 (7.01) 62.7 (8.27) 51.4 (11.39) Word 5. 41.7 (5.17) 41.5 (12.57)
Word 6. 65.5 (7.70) 46.9 (5.75) 41.3 (14.31) Word 6. 40.9 (3.31) 25.6 (13.38)
Word 7. 76 (5.26) 59 (7.41) 48.1 (8.05) Word 7. 37.2 (3.18) 35.6 (9.46)
Word 8. 63.3 (5.26) 65.1 (7.37) 49.9 (17.45) Word 8. 42.8 (4.62) 33.7 (16.36)
Word 9. 75.2 (5.41) 62.3 (4.94) 44.3 (11.27) Word 9. 41.6 (3.57) 46.5 (15.46)
Word 10.  63.4 (1.74) 52.1 (4.30) 42.4 (15.31) Word 10. 452 (4.79) 41.3 (6.28)

P = 0.30 0.20 P = 030 P = 099 P = 095

Discussion

Table 5. Shows the perceptual rating and the

nasometric nasalance score, responding

to the hyponasality test of the normal

speech subjects.

Perception 0 (normal)
Nasometer Mean (SD)
Word 1. 68.2 (7.26)
Word 2. 61.3 (9.89)
Word 3. 61.7 (5.18)
Word 4. 61.52 (7.71)
Word 5. 57.8 (5.70)
Word 6. 50.9 (8.16)
Word 7. 53.9 (8.07)
Word 8. 57.3 (5.26)
Word 9. 53.2 (5.32)
Word 10. 55.4 (6.57)
P = 020

Nasometer was quite successful in correctly
identifying the subjects’ speech, previously cate-
gorized on the basis of nasality judgement made by
the specialists. From the results, the two assessments
showed the significant differences among the subject
groups. The hyponasality test showed expectedly a
low level of significant differences in the hypernasality
cases and the normal subjects because these groups
had no hyponasal problems. it is not surprising that
the nasalance scores predict the auditory perceptual
rating results with complete accuracy because these
two assessment techniques measure the same
phenomena and do it in the same ways. High
nasalance scores were expected among individuals
who were judged to be hypernasal because both the

Nasometer and the human ear are sensitive to speech
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inwhich non-nasal consonants and vowels are produced
w ih hicreased nasaliesonance.” Conversely, if nasal
airway obstruction diminishes nasal resonance,
nasality impaired individuals manifest low nasalance
scores when produce a speech stimuii loaded with
nasal consonant phonemes. Low nasalance scores
also are expected among individuals who are judged
to be hyponasal because both the Nasometer and
the human ear presumably are sensitive to speech
in which the nasal consonant are produced with
diminished nasal resonance.

The cleft palate patients’ speech character-
istics were expectedly different from the normal in
the nasality aspects. The results found that the cleft
palate patients had nasality problems in responding
to the Chula - 7 point nasality test both hypernasality
and hyponasality problems. And the different nasalance
scores of each level of severity could be matched
with the perceptual rating. The hypernasality cases
had the means nasalance value higher than the normal
speech subjects and the hyponasality patients. The
means of normal subjects is lower approximately
20 % (19.9 %) for hypernasality test and higher than
50 % (68.2%) for hyponasality test. This results was
related to the study by using the Thai standard
passages, those were 15.01% for Tuk Tuk passage
hypernasality test and 59.36 % for Manee passage
for hyponasality test. ® Since the nasalance scores
tend to vary across languages ® and even the same
language (English) in different region. ® The results
found that the normal mean nasalance scores of the
Thai language indicated smaller percentages. It is
likely that in the Thai language we pronounce the stop
consonants with more pressure. Moreover, the Thai

vowels are not nasalized, even adjacent to the nasal

- - ol
msdszsiiundnunfnanuiinadnarandnaniaiasiia Nasometer
Tneliuuunaseuidsandn 7 ssAvaesenn

855

consonants. ” It is note that there were no sever
hyponasality assessed in this study. It can be
explained into two reasons: Firstly, there were no
severe case referred to the Speech and Language
pathology Unit. Secondly, the characteristic of the
Thai nasal consonants is different from the Western
Languages. There are the distinction between “lightly
nasal® and “heavily nasal" nasal consonants with con-
trolled articulatory differences in the velic aperture.””
Itis possible that Thai nasal consonant is one in which
the velum is lowered and there is a closure in the oral
cavity somewhere in front of the velic opening as
known as lightly nasal. The linguistic study on the
Thai nasal characteristics is recom-mended.

The results found that the nasalance score
ranges of each group showed the different levels of
the nasal degree. The two main stimuli, which were
picked up with the nosometric assessment, were aiso
significantly predicted the nasal degree in each group
rating. The Chula - 7 point scale nasality test was
designed with the linguistic approach and well selected
the Thai phonemes according to the criteria for nasal
testing. The test has been used as the clinical tool
to discriminate the hypernasality, hyponasality, and
normal speech by the auditory perceptual assessment
for years. And the specialists can also employ
the 7 equal interval scales to delineate degree of
resonance impairment by considering these linguistic
characteristics.

The nasometer is designed to capture and
display only some parts of the energy forms involved
in verbal communication processes. Therefore, the
speech stimulus items for the instrumental measure-
ments play the very important role. The ideal speech

stimulus required a phonetic and phonological
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structure. The well-structured designed speech
stimulus items have to be firstly successful with
perceptual judgement. ® Besides, from the results
we may be consider the two main stimuli for screening
the nasal problems and also use these kinds of the
linguistic characteristics to plan the cleft palate speech
treatment.

In summing, The nasometric measures of oral/
nasal resonance balance were found to correspond
fairly closely with clinical perceptual judgment of
nasality. According to the significant correlation
between the perceptual rating and the nasometric
assessment, the Chula - 7 point scale nasality test
may be used as a standard nasality test for identify
the resonance problem and differentiate the severity
by both the perceptual judgement and nasometric
assessment. Additionally, the test uses word levels,
and is thus suitable for pre-school children and adults,
who can not read fluently. Confirmation of the use of
Chula - 7 point scale nasality test by perceptual
and nasometric assessment has proved to be a real.
Speech and language pathologists can use either one
method to assess their nasal resonance problems.
Moreover, the usage of the same stimuli item can make
it easier to detect the differences in the nasality
problems that may reflect normal structure or which
may reflect degrees of deviation. And the preliminary
nasalance values of each groups may guide to predicte
and differentiate the nasality in Thai cleft palate
patients. Nevertheless, the normaltive data must be
based on the large sample, the data of the normal
speech subjects and cleft palate patients should be

collected.

Chula Med J
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