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ABSTRACT

This study aimed to evaluate the effects of auditory-verbal rehabilitation on voice
parameters after implantation with cochlear implants 2 and 5 months after rehabilitation
and compare them with normal voice children (under 12 years of age). A perceptive
and electroacoustic evaluation of voice was carried out through a digital analysis after
implantation and rehabilitation. The study was performed at Khorasan Cochlear Im-
plant Center in Ghaem Hospital, Mashad University of Medical Sciences in Mashhad.
There were 5 prelingually deaf children and 5 children with normal voice and hearing.
Voice parameters (average pitch and intensity, perturbation, jitter and shimmer), were
obtained. All patients showed better control of voice pitch and intensity and a consid-
erable reduction of voice perturbation, jitter and shimmer after auditory rehabilitation.

This study showed no considerable difference on voice parameters between co-
chlear implanted children and normal children (voice and hearing). It could be con-
cluded that auditory-verbal rehabilitation as a necessary and important training pro-
gram for cochlear implanted children provides a recognizable moment-to-moment au-
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ditory control on parameters of voice.
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INTRODUCTION

Auditory feedback (AF) could aftect speech as fol-
lows:

1) It can control segmental and supra-segmental fea-
tures of spcech.

2) It can control moment-to-moment segmental fea-
tures of speech such as: fundamental frequency (F ).
intensity, and quality of voice.

3) Delayed auditory feedback of voice affects the
speech segmental skills and acts as a general controller
on articulation, resonance, and respiration. ¥ (01920

The loss of AF leads to voice and speech perturba-
tions. and the type of the perturbations depends on the
period of the loss of AF and the nature of the hearing
loss. The individuals who lose hearing as adults (post-
lingual) appear to have lack of the fine motor control
necessary to regulate fundamental frequency, voice in-
tensity and quality. Hence they tend to produce seg-
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mental errors such as distortion, omission, and stbsti-
tutions of phonemes, 713

Patients who lose hearing suddenly show deteriora-
tion of the suprasegmental cues earlier and more exten-
sively than the segmental speech skills.

Patients with cochlear implants have been shown to
be a clinical model for the study of the role of the AF in
speech and voice production. Several reports note the
fongitudinal changes of speech production in these pa-
tients. There has been no study in this regard in Iran
before. In this study, cochlear implanted children are
being evaluated after a course of auditory rehabilitation
on controlling their voice.

The aim of this study is to:

1) evaluate the effect of auditory-verbal rehabilita-
tion on controlling fundamental frequency and inten-
sity in cochlear implanted children.

2) assess the etfect of auditory-verbal rehabilitation
on Shimmer (intensity perturbation), Jitter (pttch pertur-
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bation). and voice perturbation in cochlear implanted
patients.

3) compare the cochlear implanted children’s voice
with normal hearing children’s voice at the same age,
after auditory-verbal rehabilitation.

MATERIAL AND METHODS

Five congenitally deaf children under 12 years old
who were implanted using a multi-channel cochlear im-
plant prosthesis and five normal hearing children at the
same age range (for comparing their voice with implanted
cases) were selected for this study.

All voice evaluations and tests (measuring frequency,
intensity and voice perturbation) were done using Kay
Elemetrics Visi-pitch, Computer CSL and Speech lab sys-
tem.

Fundamental frequency and intensity are defined
within 250-300 Hz and 50-75 dB in children. Voice quality
is measured as voice perturbation, frequency and inten-
sity in which lower values indicate better quality of voice
(generally, 1n vowel prolongation in normal cases, voice
perturbation is defined as less than 2 and frequency and
intensity is defined within 0-1).

Voice of all cases was measured after surgery and
before starting the auditory rehabilitation program. Test
material was /a/ vowel prolongation in controlled situa-
tion of devices.

All subjects underwent special auditory-verbal reha-
bilitation and were evaluated for the same voice param-
eters in two sessions within 2 and 5 months. Finally, the
voice parameter changes were compared with their pre-
vious results and the control group voice using statisti-
cal analysis.

Frequency and intensity perturbation were calculated
during /a/ vowel prolongation. Every sample spec-
trograph was shown by the CSL device as well. Other
voice parameters were measured by Visi-pitch device
during /a/ vowel prolongation, separately. For this pur-
pose, the system was setup as follows:
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- time: 42 sec.

- measuring pitch and intensity simultaneously

- C or D position (frequency spectrum) of the device,
which 1s specified for children voice.

- Three centimeter distance of the microphone from
the mouth

In this study, a questionnaire was used to collect
data and information. Two statistical methods were imple-
mented to analyze collected data:

1- Descriptive: mean and frequency distribution

2- Analytical:

a) Pearson correlation for comparing the subject’s
voice with the control group voice.

b) One-way variance analysis for comparing the
subject’s voice after rehabilitation with their previous
results.

RESULTS

All subjects were under 12 years old and congeni-
tally deaf. Each subject’s voice was compared with the
control group (same age). For analyzing and describing
data, descriptive and analytic statistical methods were
used. Figure | shows frequency distribution of voice,
frequency, and intensity perturbation in /a/ vowel pro-
longation at three stages of cochlear implanted children
rehabilitation.

The variables have been reduced, considerably, after
going through the rehabilitation stages. Frequency dis-
tribution of voice, frequency and intensity perturbations
were 78.19%, 42.53%, and 43.75%, respectively, before
rehabilitation. These amounts were reduced to 16.46,
33.21, and 34.5, after two months of rehabilitation. Hav-
ing five months of rehabilitation the frequency distribu-
tion of these variables was decreased to 5.23%, 24.24%,
and 21.75%, respectively.

Figures 2, 3, and 4 show the frequency distribution
of voice, frequency, and intensity perturbation of /a/ pro-
longation in three stages of cochlear implanted children
rehabilitation compared with the control group, respec-
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Fig. 1. Relative frequency of voice, frequency, and intensity perturbation of /a/ prolongation at three stages

in CI children.
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Fig. 2. Relative frequency of voice, perturbation of /a/ prolongation at three stages in Cl and normal children.
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Fig. 3. Relative frequency of frequency perturbation of /a/ prolongation at three stages in CI & normal children.
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Fig. 4. Relative frequency of intensity perturbation of /a/ prolongation at three stages in CI & normal children.

tively.

The values showed in Figures 2, 3, and 4 indicate
that the measures of variables such as voice, frequency,
and intensity perturbation were decreased considerably
after a five month period of rehabilitation as there was
no considerable difference between subject results and
control group values (subjects: 5.07%, 19.55%, 18.125%,
control; 5.06%,19.19%, and 16.66%, respectively).

These figures indicate that auditory verbal rehabili-
tation could decrease voice, frequency and intensity per-
turbation after five months rehabilitation. In other words,
auditory verbal rehabilitation improves the voice of co-
chlear implanted children up to normal level.
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Table [ shows Pearson correlation of voice param-
eters in articulation of /a/ vowel between subjects and
the control group in three stages of evaluation (pre-re-
habilitation, after 2 months and five months of rehabili-
tation). Voice pitch level was variable and sometimes out
of the habitual pitch range (250-300 Hz) in pre-rehabilita-
tion stage (Pearson correlation = 0.1). After 5 months of
rehabilitation the subjects were able to control their voice
pitch using auditory feedback up to the normal level.

Pearson correlations of average pitch parameters in
three stages of evaluation (pre-rehabilitation, two months
and five months of rehabilitation) were weak, average
and considerable, respectively.
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Table I. Pearson coefficient correlation of voice parameters in /a/ prolongation between CI

& normal children.

Voice Parameters Pre-rehab.
| Average Pitch 0/1
Voice Perturbation -0/474
| Jitter -0/3
Shimmer -0/36

After 2 months

After 5 months

of rehab. of rehab.
012 | 0175
-0/478 -0/34
-0/2 ) -0/067 i
-0/29 i -})/040

Table II. The one-way variance analysis of voice parameters in /a/ prolongation in CI

children at three stages.

“ Voice Degrees of |~ Sum of

| Parameters  Freedom | Squares

1 Average intensity 12 18.39
Voice perturbation I 12 | 121.57
Jittcrf - | 12 i 3.07
Shimme; 12 ‘ 6.14

According to the outcomes as shown in Table I, the
results of the third stage (0.75) are closer to 1 compared
to the second stage result (0.2) which concludes that
the effect of five months of auditory-verbal rehabilita-
tion on voice average pitch is more considerable.

The average intensity or vocal intensity is variable
due to the respiratory flow and the air pressure applied
on vocal cords (loudness of voice 1s increased as the air
flow and the resistance of the vocal cords are increased).

Fry {1979) reported that average intensity in loud
speech, conversational speech and soft speech are 75dB,
60dB and 35-40dB, respectively. Hence, according to the
obtained results in the questionaires, it could be con-
sidered that the average intensity level of the samples
after rehabilitation stages is within 50-70 dB (i.e., in nor-
mal [imits).

Pearson correlations of variables (voice, frequency,
and intensity perturbation) in pre-rehabilitation were —
0.474,-0.3 and -0.36; and after two months of rehabilita-
tion —0.478, -0.2 and —0.29, respectively. The correlation
in the third stage, after five months of rehabihitation,
was increased to —0.34, -0.067 and —-0.040, respectively
(see Table I).

Therefore, it could be concluded that five months of
auditory-verbal rehabilitation training could decrease the
majors of voice, frequency, and intensity perturbation in

208

Calculated Level of

Mean of

Squargs E Significance
1.53 10.42 0.0024
0.53 3.67 B 70.05
0.25 | 2.59 0.01157 .
0.0118 i 3.278 ) 0.0731

Table XIX. LSD test on voice parameters of /a/ prolongation in CI

children.

Voice Parameters After 2 months | After 5 months

of rehab.

of rehab.

Average intensity * *

Voice perturbation

Jitter

Shimmer

cochlear implanted children, considerably. Table Il shows
the comparison of one-way variance analysis results of
each voice parameter in /a/ vowel prolongation in co-
chlear implanted children at three evaluation stages with
their previous results.

In one-way variance analysis of cochlear implanted
children, voice values less than 0.05 are acceptable. Ac-
cording to the results (0.0024) the difference of voice
intensity variable between the three evaluation stages
1s significant.

Table [II reveals the LSD test results for evaluating
the minimum significant differences.
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There seems to be minimum significant difference on
voice intensity variable between first and second stages
and also first and third stages of evaluation. It means
that the changes of voice intensity after two and five
months of auditory-verbal rehabilitation are consider-
able and significant from a statistical point of view.

The one-way variance analysis results of other voice
parameters such as voice, frequency, and intensity per-
turbation were 0.05, 0.01157 and 0.0731, respectively
(Table 11).

To reveal the significant difference of three evalua-
tion stages, LSD test was used. The test results showed
a statistically significant difference on voice, frequency
and intensity perturbation of /a/ vowel prolongation
between first and third stages (Table III).

CONCLUSION

Auditory-verbal rehabilitation improves voice param-
eters in cochlear implanted children and it could increase
with prolonging the period of rehabilitative training. As
shown in this study, improving voice parameters after 5
months rehabilitation was comparable to two months
training. These children were able to improve their voice
quality close to the normal level after S months rehabili-
tation. In other words, cochlear iimplanted children could
control their voice pitch after auditory-verbal rehabilita-
tion due to the growth of auditory sensitivity and feed-
back to their own voice and surrounding speech and
non-speech sounds.

Maximum changes could be seen on voice, frequency
and intensity perturbations as these parameters reach
almost the normal levels.

This study insists on the importance of implement-
ing auditory-verbal rehabilitation following cochlear im-
plantation (according to the prepared protocol).
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