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Summary

Objective: Verify if late cochlear implantation allows pre-lingual deafs to convert
from visual to oral communication mode only.
Method: Thirteen pre-lingual profoundly deaf patients implanted the ages of 8 and 22
years were included in the study. Before cochlear implantation, none of the patients
used the oral language. Six patients used cued speech and seven used the sign
language to communicate. Evaluations were made with measures of hearing thresh-
olds, phoneme identification, categories of auditory performance and rating of the
intelligibility of speech before and after implantation. Changes in principal mode of
communication (i.e. oral, cued speech or sign language) were also monitored.
Results: The former users of cued speech benefited significantly more from cochlear
implantation than the sign language users for phoneme identification and categories
of auditory performance, although all had similar hearing thresholds before and after
cochlear implantation. After a mean implant use of 4.5 years, four out of six cued
speech users converted to exclusive use of the oral language, while only one out of
seven former users of the sign language converted to the use of the oral language.
Discussion: It is possible for pre-lingual or congenital deafs to convert totally from a
visual to an oral communication mode even in case of late cochlear implantation.
Previous awareness of the structure of the oral language, even without hearing (e.g.
via cued speech) influences positively the outcome of delayed implantations. We
recommend the adoption of oral communication with the cued speech code in cases
where a late cochlear implantation is envisioned.
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1. Introduction

Cochlear implants have been largely used to restore
hearing in pre-lingual deaf children for almost 30
years. A large number of studies have demonstrated
hts reserved.
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Table 1 Categories of auditory performance (CAP)
[11].

Level 0 No awareness of environmental sounds
Level 1 Awareness of environmental sounds
Level 2 Responds to speech sounds
Level 3 Recognizes environmental sounds
Level 4 Discriminates at least two speech

sounds without lip-reading
Level 5 Understands common phrases without

lip-reading
Level 6 Understands conversation without

lip-reading with a familiar talker
Level 7 Can use telephone with a familiar talker
that children implanted after the age of 6—7 years
do not obtain as much benefits as children implanted
at an earlier age [1—6]. Some studies indicate that
although late implanted pre-lingual adolescents
develop less speech recognition skills, most of them
report satisfaction [7,8]. However it has not been
definitively demonstrated that the gain obtained
with cochlear implants in pre-lingually deafened
adolescents is sufficient to help these patients con-
vert their mode of communication from visual to
oral mode only. To verify this possibility we analyzed
the performances of a group of late implanted pre-
lingual deaf patients with different — cued speech
[9] or sign language —modes of communication prior
to cochlear implantation.
Table 2 Speech intelligibility rating (SIR) [12].

Category 1 Prerecognizable words in spoken
language (child’s primary mode of
everyday communication may
be manual)

Category 2 Connected speech is unintelligible,
intelligible speech is developing in
single words when context and
lip-reading cues are available

Category 3 Connected speech is intelligible to a
listener who concentrates and lip-reads
within a known context

Category 4 Connected speech is intelligible to a
listener has little experience of a deaf
person speech; the listener does not
need to concentrate unduly

Category 5 Connected speech is intelligible to all
listeners; the child is understood easily
in everyday contexts
2. Materials and methods

Thirteen congenitally and profoundly deaf children,
adolescents and young adults implanted in Geneva
between the ages of 8 and 22 years (mean: 14 years)
were included in the study. Nine patients were male
and four female. They were implanted by the same
surgeon using the same surgical technique, with
fully implanted arrays. Surgery was uneventful in
all cases. A Med-El implant was used in eight cases
and a Clarion in five.

Several measurements were conducted on all
children prior to implantation and after several
years of cochlear implant use (mean 4.5 years):
(i) audiometric hearing threshold at 250, 500,
1000, 2000 and 4000 Hz, (ii) phoneme identifica-
tion performance, (iii) overall auditory perfor-
mance and (iv) the speech intelligibility of
spontaneous utterances. Phoneme identification
performance was evaluated with a test developed
in our laboratory [10]. This test evaluates vowel
and consonant identification without visual or
cognitive cues. Mean scores of identification were
calculated as the mean of at least 168 vowel and
168 consonant presentations, gathered within two
sessions.

Categories of auditory performance (CAP) [11]
were used to classify patients in seven groups ran-
ging from the lowest of not being aware of environ-
mental sounds to the highest of being able to use the
telephone with a familiar talker and to understand
an unannounced subject without lip-reading (see
Table 1). The speech intelligibility rating (SIR)
[12] was used to classify patients in five levels
ranging from the lowest of uttering only prerecog-
nizable words in spoken language to the highest of
having connected speech that is intelligible to all
listeners, the child being understood easily in every-
day contexts (see Table 2).
Finally, their dominant (e.g. everyday) mode of
communication before and after implantation was
documented via interviews with the patients and/or
their families and classified into three categories:
oral, cued speech [9] and sign language.

This study was done with the approval of the
institution’s review board and follows the rules of
the Helsinki Convention.
3. Results

Before cochlear implantation, none of the patients
used the oral language. None of the patients suf-
fered from any handicaps besides deafness. Prior to
implantation all patients received speech therapy.
Six patients used cued speech and had followed
education in normal schools with the support of
cued speech. Seven patients used sign language
and had followed education in sign language with
incidental oral support and, in two cases, with some
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Fig. 1 Audiometric hearing thresholds of all 13 patients before and after cochlear implantation. Blue lines: users of the
cued speech. Red lines: users of the sign language. (For interpretation of the references to color in this figure legend, the
reader is referred to the web version of the article.)
cued speech. All had worn hearing aids. Their hear-
ing thresholds ranged from 80 to 110 dBHL for fre-
quencies above 250 Hz (Fig. 1). Their mean
phoneme identification score was 21% (S.D. = 13%;
ranging from chance level to 35% correct, Fig. 2).
Using the CAP, 1 patient was categorized in level 2,
Fig. 2 Individual scores for phoneme identification, CAP and
cued speech. Red lines: users of the sign language. (For interpr
reader is referred to the web version of the article.)
10 in level 3, and 2 in level 4 (Fig. 2). Using the SIR,
five patients were rated level 1, four level 2, and
four level 3 (Fig. 2).

After cochlear implantation, all hearing thresh-
olds improved and were better than 40 dBHL
(except for one single case at 250 Hz; Fig. 1). Their
SIR before and after implantation. Blue lines: users of the
etation of the references to color in this figure legend, the
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mean phoneme identification score improved from
21% to 47% corrects (S.D. 26; ranging from chance
level to 86% correct, Fig. 2). Using the CAP, six
patients reached level 3, two level 5, one level 6,
and four level 7 (Fig. 2). Using the SIR, three
patients were rated level 1, two level 3, three level
4 and five level 5 (Fig. 2). Basically, most of the
patients benefited from cochlear implantation on all
the measurements. At the time of the study patients
had been using their implants from 3 to 8 years.

However, it is interesting to compare how the two
groups of patients — those using cued speech and
those using the sign language before implantation —
improved their scores after implantation. Clearly,
even though there is no significant difference in
audiometric thresholds before and after implanta-
tion across the two groups the cued speech users
reached significantly better phoneme identification
( p = 0.03, T = 2.34) than their sign language pairs
after implantation, while there was no significant
difference across the two groups before implanta-
tion. Similarly, cued speech users obtained signifi-
cantly better CAP scores ( p = 0.004, T = 3.59) than
their sign language pairs after implantation, while
there was no significant difference across the two
groups before implantation. For SIR scores, both
groups obtained significantly different scores, but
the difference was statistically significant before
implantation ( p = 0.0004, T = 4.95) and remained
significant after implantation ( p = 0.04, T = 2.32).

Finally, there was also marked differences
between the two groups in the dominant mode of
communication patients used after implantation:
four out of six cued speech users converted to exclu-
sive use of the oral language, while only one out of
seven former users of the sign language converted to
the use of the oral language in everyday situations.
4. Discussion

The benefit of CI in pre-lingually deaf children
implanted early in life, preferably before the age
of 3 years is now well established [1—5,13,14] as it is
in post-lingually deaf patients [15,16]. The question
of how useful is cochlear implantation after the age
of 8 years in pre-lingually deaf patients is still
debated. In our series, the hearing thresholds after
cochlear implantation improved to reach similar
level in all patients, suggesting that the cochlear
implant brought a roughly similar perception of
sounds to all of them. Improvements in phoneme
identification, auditory performance and speech
intelligibility were also observed in most patients,
but former cued speech users benefited more than
former language sign users.
The explanation most commonly accepted for
this observation is that sign language users having
had no sound stimulation during the critical period
of auditory plasticity [17,18] develop visual instead
of oral communication skills, leading to an irrever-
sible visual colonization of the auditory cortex [19].
This hypothesis is supported by experimental studies
showing that the destruction of the cochlea during
the early phase of development in young animals
elicits the establishment of new innervating pat-
terns in the auditory pathway [20,21] and the orga-
nization of a new tonotopic distribution in the
cerebral cortex [22,23].

Based on the present results, we argue that the
reason for the bad results of late implantation in
sign language users is not the lack of auditory sti-
mulation but the ignorance of the acoustic (and
temporal) structure of the oral language. If not,
why would cued speech users obtain better benefits
from cochlear implants than sign language users?
Strategies involving learning the oral language with
the help of cued speech [9] or lip-reading [24] can
help to neutralize the consequences of the lack of
auditory stimulation during the critical period of
language acquisition. Oral language is a sound code
in which each phoneme follows the other to form
words, which are in turn arranged in a grammatical
order to form sentences. Even without hearing, the
patients who learnt to communicate using the cued
speech code are acquainted with this structure [9].
They also develop a ‘‘listening attitude’’ with the
help of the hearing aid to detect any useful speech
information from incoming sound. Later, if they
receive a cochlear implant they can coherently
integrate the sounds they perceive. The sign lan-
guage users, who function in a visual (and spatial)
communication mode, receive information via the
overall sequence of ‘‘pictures’’ created by the inter-
locutor. They do not learn to integrate the chain of
sounds of speech. In addition, even though they
might wear hearing aids they do not develop a
‘‘listening attitude’’. It is difficult to convert from
a visual (and spatial) to an auditory (and temporal)
communication system [25—27]. However, this is not
impossible, as we report here one of such excep-
tional cases, a former exclusive sign language user,
who became able to convert to the oral mode only.

This small group of patients confirms that a pre-
lingual or congenital deaf can convert from a visual
to an oral mode of communication after a delayed
implantation. The previous knowledge of the struc-
ture of the oral language as promoted by the use of
the cued speech code influences very positively the
outcome in late implanted subjects. The adoption of
oral communication with the cued speech code
should therefore be considered in cases where
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delayed cochlear implantation can be envisioned.
This being said, an elder and motivated pre-lingual
or congenital deaf who is aware of the difficulties of
the task to undertake can still be exceptionally
considered as candidate for cochlear implantation.
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