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Objectives. Verbal communication depends on a good function of voice and speech organs. Some of the voice characteris-
tics of deaf people differ considerably from those of speakers with normal hearing. After cochlear implantation (CI),
auditory control of voice production is possible and the quality of the voice is improved. CI improves quality of voice,
speech and hearing with deafness. The aim of our study was to investigate the relationship between acoustic analysis
before CI and the speech intelligibility before and after CI.

Methods. Twelve prelingually deafened children implanted unilaterally at the age of 3.4-9 years were included in the study:.
For all of the children an acoustic analysis of the Slovene vowel ‘a’ was performed before CI. The fundamental frequen-
cy (FO), jitter, shimmer and noise-to-harmonic ratio (NHR) were studied before the implantation. For all of the chil-
dren the speech intelligibility was performed before and 12 months after CI. Preoperative hearing was divided on
existing residual hearing. The results of the acoustic analyses and speech intelligibility before and after CI were com-
pared for preoperative hearing. The results of the speech intelligibility were compared for the age of operation and
preoperative acoustic analysis (FO, jitter, shimmer, NHR).

Results. Preoperative hearing had no influence on preoperative voice analysis. The children with residual hearing had a high
grade of speech intelligibility before and after CI. The preoperative shimmer had positive correlation with postopera-
tive 12 month speech intelligibility (=0.618, P=0.032). The preoperative jitter had positive correlation with postop-
erative 12 month speech intelligibility, but was not statistically significant (r=0.479, P=0.116).

Conclusion. Shimmer on preoperative voice analyses had influence on speech intelligibility after CI.
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INTRODUCTION

There is general agreement in the literature that some of the voice
characteristics of deaf people differ considerably from those of
speakers with normal hearing. Congenitally deaf speakers tend
to have a higher fundamental frequency (F0) than speakers with
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normal hearing (1, 2). On the other hand, some investigators did
not find a higher FO in young hearing impaired children than
they found in the controls (3).

Lack of auditory control also affects the control of voice in-
tensity. Leder et al. (4) suggested that adventitious profound
deafness was associated with a significantly increased voice-in-
tensity level and greater fluctuations in intensity production.

Severe and profound hearing loss in young children results in
poor speech perception and production skills. Multichannel co-
chlear implantation (CI) in these children permits significant im-
provement in both speech perception and production following
implantation (5-8).The speech perceptual abilities and the speech
intelligibility could be considered the most important primary
outcome measures of Cl. In particular, the speech intelligibility
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rating (SIR) was designed as a time-effective global outcome
measure of speech production in real-life situations.

The aim of our study was to investigate the relationship be-
tween the acoustic analysis before CI and the speech intelligibil-
ity before and after CI.

MATERIALS AND METHODS

Twelve deafened children (9 boys, 3 girls) who were recipients
of cochlear implants and subsequently followed up at Asan Med-
ical Center, University of Ulsan College of Medicine (Seoul, Ko-
rea) were included in the study. The children who underwent CI
were between the ages of 3.4-9.0 years (mean, 5.92 years; stan-
dard deviation, 1.81 years). Six children had residual hearing,
but the remaining six children had no residual hearing. They were
all implanted with a multi-channel CI. For all of the patients, an
acoustic analysis of the sustained vowel ‘a’ was performed be-
fore CI.The FO, jitter, shimmer and noise-to-harmonic ratio (NHR)
were obtained before implantation. SIR was performed for all
patients prior to and 12 months after CL.

The voice samples of a sustained vowel ‘a’ at a habitual pitch
and loudness, for a duration of 3s, were analysed with a Multi-
Dimensional Voice Program (Kay Pentax, Lincoln Park, NJ, USA).
The vowel ‘@’ was chosen because it can be produced even by
young children and is mainly dependent on acoustic rather than
orosensitive control. The average FO, jitter, shimmer, and NHR
were determined for every voice sample. Jitter provides an eval-
uation of the very short-term variability of the pitch period.
Shimmer provides an evaluation of the very short-term variabil-
ity of the peak-to-peak amplitude (loudness) within the analyzed
voice sample. NHR is an average ratio of the energy of the in-
harmonic components in the range 1,500 to 4,500 Hz to the
harmonic components’ energy in the range 70 to 4,500 Hz, and
represents a general evaluation of noise presence in the analyzed
signal. According to the recommendation of the European Lar-
yngological Society, jitter and shimmer are used to estimate
phonation quality.

We analyzed the speech perception and speech intelligibility
of implanted children. These children were followed up with
regular 6 months intervals. In each visit, we performed a battery
of speech perception and speech intelligibility to evaluate patient
progress with the implant. Evaluation was conducted in a quiet
room using live voice presented at about 60 dB sound pressure
level (SPL). Speech perception was measured using the Catego-
ries of Auditory Performance (CAP) and monosyllabic word tests,
where the latter included 2 lists of 25 monosyllabic words that
can be scored as both words and phonemes percent correct.
Speech intelligibility was measured using SIR, designed to eval-
uate the intelligibility of children with a cochlear implant. An
experienced speech language pathologist classified global speech
production according to one of five hierarchical categories for

Table 1. Categorization of intelligibility using the speech intelligibility
rating scale

Category Description

1 Pre-recognizable words in spoken language. The child’s pri-
mary mode of everyday communication may be manual.

2 Connected speech is unintelligible. Intelligible speech is de-
veloping in single words when context and lip-reading cues
are available.

3 Connected speech is intelligible to a listener who concen-
trates and lip-reads within a known context.

4 Connected speech is intelligible to a listener who has little ex-

perience of a deaf person’s speech. The listener does not
need to concentrate unduly.

5 Connected speech is intelligible to all listeners. The child is
understood easily in everyday contexts.

which the criteria are described in Table 1.

SIR was evaluated with the spontaneous speech prior to im-
plantation and at 12 months after CI. Subjects were assessed in
a quite room and the evaluations were performed by the same
speech language pathologist at each assessment.

The results of the acoustic analyses and speech intelligibility
before and after CI were compared for preoperative hearing.
The results of the speech intelligibility were compared for the
age of operation and preoperative acoustic analysis (FO, jitter,
shimmer, NHR).

RESULTS

The absolute values of the fundamental frequency of the inves-
tigated children ranged between 241 and 327 Hz. The mean FO
for subjects was 270.8 £30.9, while for boys the mean was
262+27.4 and for girls was 297 £29.5 (Table 1).

In all patients, jitter score was 1.18+1.26 and shimmer value
was 4.03£1.90. Both jitter and shimmer scores were elevated
as compared to the normal range (1.1 and 3.8, respectively). All
patients were found to have normal range NHR (normal range
<0.2) (Table 2).

Six patients among the total 12 had residual hearing. But pre-
operative residual hearing had no influence on preoperative voice
parameters. There were no significant differences observed in
terms of fundamental frequency, jitter, shimmer, NHR among
patients with residual hearing and without residual hearing on
analysis using Mann-Whitney test (P=0.168, P=0.078, P=0.262,
P=0.837).

The children with residual hearing had a high grade of speech
intelligibility before and after CI (Fig. 1). The mean preoperative
SIR was measured to be 4 in children with residual hearing and
significantly higher (P=0.004) than in children without residual
hearing (SIR=2.25).The mean SIR 12 months after implantation
was 5 in children with residual hearing and also significantly
higher (P=0.028) in children without residual hearing (SIR=3).
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Table 2. Demographic data and acoustic analysis for twelve children

Sub- Residu- Ageat Ageatim-  Acoustic analysis
jective Sex alhear- onsetof plantation Jit- Shim-

no. ing deafness (year) ter* mer’ NHR?
1 M x  Prelingual 3.6 255 0.44 260 0.102
2 M x  Postlingual 37 260 0.54 3.15 0.113
3 M o  Postlingual 59 250 0.64 5.77 0.136
4 ® o  Prelingual 6.3 327 110 229 01
5 M X Postlingual 4.8 269 212 832 0.175
6 M x  Prelingual 6.5 241 040 2.83 0.129
7 M o] Postlingual 6.3 246 086 354 0.121
8 M o  Prelingual 59 313 064 436 0.113
9 M X Prelingual 71 227 050 269 0.111
10 F o  Prelingual 9.0 268 4.87 6.69 0.146
11 F o  Prelingual 85 296 1.19 3.19 0.103
12 M X Prelingual 34 297 0.82 298 0.106

*Jitter normal range<1.1. 'Shimmer norml range <3.8. *NHR, noise-to-har-
monic ratio; normal range<0.2.

Speech intelligibility rating
w

Residual hearing
B No
Yes

Properative Postoperative 12 months

Fig. 1. The box plot of speech intelligibility rating before and after co-
chlear implantation. The children with residual hearing had high grade
of preoperative speech intelligibility (P=0.004).

Among the preoperative voice parameters, shimmer had a posi-
tive correlation with speech intelligibility 12 months after surgery
(r=0.618, P=0.032) (Table 3).

DISCUSSION

Our study is focuses on the relationship between acoustic analy-
sis before CI and the speech intelligibility rating before and after
CI. In previous studies, it has been demonstrated that changes in
hearing may interfere with adequate use of the structures in-
volved in speech and voice production due to lack of auditory
feedback. The influence of CI on voice parameters has been stud-
ied and the performance of speech perception, speech intelligi-
bility, and language development after CI was studied (9-12).

Table 3. Correlation analysis for preoperative voice analysis speech
intelligibility rating after 12 months cochlear implantation

ig%‘fait_ -y Jiter Shimer NHR SIR12
e (<1.1) (<3.8) (<0.2) months
Ageatim- r 1 -0.011 0280 0.126 0.133 0.368
plantation P-value 0973 0379 0.697 0680 0.239
FO r 1 0524 0.077 -0.300 0.088
P-value 0.080 0812 0344 0.785
Jitter r 1 0566 0.242 0.479
P-value 0.055 0.449 0.116
Shimmer 1 0.816 0.618
P-value 0.001 0.032
NHR r 1 0.343
P-value 0.275
SIR12 r 1
months  P-value

NHR, noise-to-harmonic ratio; SIR, speech intelligibility rating; r, correlation
coefficient.

However the relationship between voice analysis and speech
performance in deaf patients has not been fully studied yet.

Previous studies proved that lack of auditory control affects
the control of voice intensity. Profound hearing loss was associ-
ated with a significantly increased voice intensity level and
greater fluctuations in intensity production. After implantation,
however, the auditory control of voice and speech were possible
resulting in voice and speech improvement (4). Other studies
have shown that pitch and amplitude variability decrease after
implantation by regaining hearing control over phonation. Jitter,
which represents pitch control, decreased significantly, and shim-
mer, which represents intensity control, also decreased but not
to significant level (13).

In this study, children with residual hearing had better speech
intelligibility than children without residual hearing. The pres-
ence of pre-implantation oral language skills may be important
for post-implantation success with prelingual deaf adults and
children implanted beyond the sensitive period for language de-
velopment (14-18). In particular, it has been observed that groups
of patients whose pre-implantation speech was judged to be in-
telligible seemed to achieve greater post-implantation benefit
than groups of patients with less intelligible speech. In prelingual
deaf patients, the presence of intelligible speech may be a neces-
sary condition for success with a CI.

Our study had several limitations. We did not include infant
and young children because the examination for voice parame-
ters was not possible in these ages. Another limitation of this
study is that postoperative voice parameters were not examined.
Despite these limitations, this study was useful in demonstrating
that preoperative voice intensity and quality are predictors of
speech intelligibility as cochlear implant outcome.

In conclusion, the children with residual hearing had high grade
of speech intelligibility before and after CI. Shimmer on preop-
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erative voice analyses had influence on speech intelligibility af-
ter CI. The preoperative voice intensity and quality can be a
predictor of speech intelligibility as cochlear implant outcome.

CONFLICT OF INTEREST

No potential conflict of interest relevant to this article was re-
ported.

REFERENCES

1. Angelocci AA, Kopp GA, Holbrook A. The vowel formants of deaf
and normal-hearing eleven-to-fourteen-year-old boys. J Speech Hear
Disord. 1964 May;29(2):156-60.

2. Higgins MB, McCleary EA, Carney AE, Schulte L. Longitudinal
changes in children’s speech and voice physiology after cochlear im-
plantation. Ear Hear. 2003 Feb;24(1):48-70.

3. Monsen RB. Acoustic qualities of phonation in young hearing-im-
paired children. J Speech Hear Res. 1979 Jun;22(2):270-88.

4. Leder SB, Spitzer JB, Milner P, Flevaris-Phillips C, Kirchner JC,
Richardson F. Voice intensity of prospective cochlear implant candi-
dates and normal hearing adult males. Laryngoscope. 1987 Feb;
97(2):224-7.

5. van den Broek P, Cohen N, O’Donoghue G, Fraysse B, Laszig R, Of-
feciers E. Cochlear implantation in children. Int J Pediatr Otorhino-
laryngol. 1995 Jun;32 Suppl:5217-23.

6. Richter B, Eissele S, Laszig R, Lohle E. Receptive and expressive
language skills of 106 children with a minimum of 2 years’ experi-
ence in hearing with a cochlear implant. Int J Pediatr Otorhinolar
yngol. 2002 Jun 17;64(2):111-25.

7. Moog JS, Geers AE. Speech and language acquisition in young chil-
dren after cochlear implantation. Otolaryngol Clin North Am. 1999

10.

11.

12.

13.

14.

15.

16.

17.

18.

Dec;32(6):1127-41.

. Molina M, Huarte A, Cervera-Paz FJ, Manrique M, Garcia-Tapia R.

Development of speech in 2-year-old children with cochlear implant.
Int J Pediatr Otorhinolaryngol. 1999 Feb 15;47(2):177-9.

. Hocevar-Boltezar I, Vatovec J, Gros A, Zargi M. The influence of co-

chlear implantation on some voice parameters. Int J Pediatr Otorhi-
nolaryngol. 2005 Dec;69(12):1635-40.

Seifert E, Oswald M, Bruns U, Vischer M, Kompis M, Haeusler R.
Changes of voice and articulation in children with cochlear im-
plants. Int J Pediatr Otorhinolaryngol. 2002 Nov 11;66(2):115-23.
van Dijkhuizen JN, Beers M, Boermans PP, Briaire JJ, Frijns JH.
Speech intelligibility as a predictor of cochlear implant outcome in
prelingually deafened adults. Ear Hear. 2011 Jul-Aug;32(4):445-58.
Calmels MN, Saliba I, Wanna G, Cochard N, Fillaux J, Deguine O, et
al. Speech perception and speech intelligibility in children after co-
chlear implantation. Int J Pediatr Otorhinolaryngol. 2004 Mar;68(3):
347-51.

Hassan SM, Malki KH, Mesallam TA, Farahat M, Bukhari M, MurryT.
The effect of cochlear implantation and post-operative rehabilitation
on acoustic voice analysis in post-lingual hearing impaired adults. Eur
Arch Otorhinolaryngol. 2011 Oct;268(10):1437-42.

Osberger MJ, Fisher L, Zimmerman-Phillips S, Geier L, Barker MJ.
Speech recognition performance of older children with cochlear im-
plants. Am J Otol. 1998 Mar;19(2):152-7.

Loundon N, Busquet D, Roger G, Moatti L, Garabedian EN. Audio-
phonological results after cochlear implantation in 40 congenitally
deaf patients: preliminary results. Int J Pediatr Otorhinolaryngol.
2000 Nov 30;56(1):9-21.

Kaplan DM, Shipp DB, Chen JM, Ng AH, Nedzelski JM. Early-deaf-
ened adult cochlear implant users: assessment of outcomes. J Oto-
laryngol. 2003 Aug;32(4):245-9.

Klop WM, Briaire JJ, Stiggelbout AM, Frijns JH. Cochlear implant
outcomes and quality of life in adults with prelingual deafness. La-
ryngoscope. 2007 Nov;117(11):1982-7.

Kos MI, Deriaz M, Guyot JP, Pelizzone M. What can be expected
from a late cochlear implantation? Int J Pediatr Otorhinolaryngol.
2009 Feb;73(2):189-93.



