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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 ofvoice was can'ied 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, pelturbation,j itter and shimmer), were 
obtained. All patients showed better control of voice pitch and intensity and a consid
erable reduction of voice pelturbation,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). ft 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
ditOlY control on parameters of voice. 
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INTRODUCTION mental errors such as distortion, omission , and substi 
tut ions of phonemes. 17 14 15 

Auditory feedb ack (AF) could affect speech as fol
lows: 

I) It can contro l segmental and supra-segmenta l fe a
tures of speech . 

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

3) Delayed au ditory feedback of voice affects the 
speech segmental ski ll s and acts as a general controller 
on articu lation , resonance , and respirati on. ].! I) 1('. IOcO 

The loss of AF leads to voice and speech pe rturba
tions , and the type of the perturbations depends on the 
period of the loss of AF and th e nature of the hearing 
loss. The individua ls who lose hearing as adults (post
lingual) ap pear to have lack of the fin e motor control 
necessary to regul ate fundamental frequency, vo ice in
tensity and quality. Hence they tend to produce seg-

Patients who lose hea ring sudden ly show deteriora
ti on of the suprasegmenta l cues earlier and more exten
sive ly than the segmental speech sk ill s. 

Pati ents with cochlea r implants ha ve 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 
longitudin a l changes of speech production in these pa
tients. There has been no study in this regard in Iran 
before. In thi s study, cochlear impl anted children are 
being evaluated after a course of auditory rehabilitation 
on controlling their voice . 

The aim of thi s study is to: 
1) eva I uate the effect of auditory-verba l rehabi lita

tion on controlling fundam enta l frequency and inten
sity in cochlear implanted children. 

2) assess the effect of auditory-verbal rehabilitation 
on Shimmer (intensity perturbation), Jitter (pitch 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 mea sured as voice perturbation, frequency and inten
sity in which lower values indicate better quality of voice 
(generally, in vowel prolongation in normal cases, voice 
perturbation is defined as less than 2 and frequency and 
intensity is defined within 0-1). 

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

AIl subjects underwent special auditory-verbal reha
bilitation and were evaluated for the same voice param
eters in two sess ions within 2 and 5 months. Finally, the 
voice parameter changes were compared with their pre
vious results and the contro l group voice using statisti
cal ana lysis. 

Frequency and intensity perturbation were calculated 
during /a/ vowel prolongation . Every samp le spec
trograph was shown by the CSl de vice 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: 4 12 sec . 
- measuring pitch and intensity simultaneously 
- C or D position (frequency spectrum) of the device, 

which is 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- Descripti ve: 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 1 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 ofvoice , 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 freq uency 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 peI1urbation of fa! prolongation at three stages 
in CI children. 
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