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A B S T R A C T

Objective: The objective of this study was to examine receptive and expressive language development in

children who received simultaneous bilateral cochlear implants (CIs) between 5 and 18 months of age

and to compare the results with language development in chronologically age-matched children with

normal hearing.

Methods: The study used a prospective, longitudinal matched-group design. Data were collected in a

clinical setting at postoperative cochlear implant check-ups after 3, 6, 9, 12, 18, 24, 36, and 48 months of

implant use. The sample included 42 children: 21 cochlear implant users and 21 with normal hearing,

matched pairwise according to gender and chronological age. Communication assessments included the

LittlEARS questionnaire, the Mullen Scale of Early Learning, and the Minnesota Child Development

Inventory.

Results: The cochlear implant users’ hearing function according to LittlEARS was comparable to that of

normal-hearing children within 9 months post-implantation. The mean scores after 9 and 12 months

were 31 and 33, respectively in the prelingually deaf versus 31 and 34 in the normal-hearing children.

The children’s receptive and expressive language scores showed that after 12–48 months with cochlear

implants, 81% had receptive language skills within the normative range and 57% had expressive language

skills within the normative range. The number of children who scored within the normal range increased

with increasing CI experience.

Conclusions: The present study showed that prelingually deaf children’s ability to develop complex

expressive and receptive spoken language after early bilateral implantation appears promising.

The majority of the children developed language skills at a faster pace than their hearing ages would

suggest and over time achieved expressive and receptive language skills within the normative range.

� 2010 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Language is an important tool for knowledge acquisition and
participation in society throughout life. Delayed language devel-
opment can have ripple effects on children’s social life and
education. Early, high-quality access to auditory linguistic
stimulation is crucial for speech development. An absence of or
reduced access to auditory stimulation has caused delayed or
inadequate speech development in many hard-of-hearing children
[1]. The implementation of neonatal hearing screening and the
increased use of bilateral cochlear implants have provided more
and more children with severe-to-profound deafness access to
bilateral auditory signals throughout their first year of life.

The effect of early bilateral stimulation on prelingually deaf
children’s abilities to develop functional speech and language over
* Corresponding author. Tel.: +47 23 07 62 22/909 202 74.
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time is still unexplored. It is recognized that early unilateral
implantation is beneficial for early language competence [2,3].
However, it is unclear whether the age at which a profoundly deaf
child receives two implants and the age at which the child attains
normative mean language skills have long-lasting consequences
for later linguistic competence. Studies by Hart and Risley [4] and
Snow et al. [5] have shown that hearing experience in early
childhood lays the foundation for more advanced use and
acquisition of language. They also show that limited experience
or, conversely, intensified stimulation leaves imprints that affect
the direction and speed of later development. Spencer and Oleson
[6] found that early access to unilateral cochlear implant input
enables children to build better phonological processing skills. The
early speech recognition and speech production skills gained from
early CI input have been shown to predict children’s reading skills.
Hay-McCutcheon et al. [7] found that both the receptive and the
expressive language ages in children with unilateral CI increased as
the children with cochlear implants aged. However, the gap
between the average performance for normal-hearing children and

http://dx.doi.org/10.1016/j.ijporl.2010.07.026
mailto:ona.bo.wie@oslo-universitetssykehus.no
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the overall mean performance in children with CI increased with
chronological age.

Recent reports indicate that unilateral cochlear implantation in
prelingually deaf children within the first year of life may result in
speech and language skills comparable to those of children with
normal hearing [2,8–11]. Previous studies of children with
unilateral hearing loss, however, show evidence of difficulties
with speech recognition in noisy environments, problems with
locating sounds in their environments, and problems with the
head-shadow effect [12]. A few recent studies show that bilateral
cochlear implantation is important for auditory development and
function [13–16]. Tait et al. [17] found that children with two CIs
used significantly more audition and vocalization in communica-
tion after 12 months of CI use than unilaterally implanted children.

In prelingually deaf children, the implications of early bilateral
implantation for spoken language development and ease of
communication are of interest. Could the introduction of early
bilateral cochlear implantation diminish the likelihood of delayed
language development in prelingually deaf children and thus
contribute to an improved foundation for educational and social
development?

The aim of this study was to examine language development in
prelingually deaf preschool children and their probability of
developing and maintaining age-appropriate language over time.
The intention was to explore to what extent prelingually deaf
children who received bilateral simultaneous implantation in the
fifth to eighteenth month of life develop age-appropriate language
skills and how age of implantation affects children’s language skills
over time.

2. Materials and methods

2.1. Subjects

The study sample consisted of 21 profoundly prelingually deaf
children (10 boys and 11 girls). The reference group consisted of 21
children with normal hearing (NH) (PTA < 25 dB HL). The CI users
and the normal-hearing children were matched pairwise for
gender and chronological age at the time of each examination. The
two groups were matched groupwise based on mothers’ education.
The sample of prelingually deaf children included all the children
in Norway who received simultaneous bilateral cochlear implan-
tation between 5 and 18 months of age between 2004 and 2007
and who had no known additional disabilities assumed to affect
language development. The reference group was randomly
selected from health care centers and kindergartens in one rural
and one urban community. Demographic and developmental
features of the participants with CIs are given in Table 1. The
average age of bilateral implantation was 11.3 months (SD = 3.9),
and the range was 5.5–18.8 months. The average age of sound
connection was 12.7 months (SD = 3.8), with a range of 7.2–19.9
months. The average usage time was 37 months (SD = 10.4), with a
range of 24–48 months. Fourteen children had Medel devices on
both ears (models in use were the C40+ (one child), the PULSAR
(eight children) and the SONATA (five children)). All used the
continuous interleaved sampling (CIS) coding strategy in both
implants. Seven children had Cochlear devices in both ears
(Cochlear Nucleus 24RE (CA)) and used the advanced combination
encoders (ACEs) coding strategy in both implants. The implants
were used during all waking hours by all the children, with the
exception of one child who had short periods during the day
without the CI. All but two children in the CI group and two
children in the reference group had parents whose native language
was Norwegian. Four of the children were bilingual. An auditory
oral/verbal habilitation approach was used for all the children.
Three children were in a special education learning environment,
and two children had parents and teachers who sometime used
sign language to visually highlight the main words in their spoken
sentences.

2.2. Assessment materials

Hearing and speech recognition were assessed via the LittlEARS
parent questionnaire and single-syllable word tests. The LittlEARS
questionnaire was designed to assess the development of auditory
behavior in children during the first two (hearing) years [18]. Note
that in the present study, the CI users and the normal-hearing
children were matched by chronological age (not hearing age) at
the point of testing. The sample was tested at 3, 6, 9, and 12 months
post-implantation. The children’s ages ranged from 7 to 29 months
at these four testing points. Results from the LittlEARS were
expressed in raw scores. The single-syllable word test consists of
phonetically balanced lists of 25 and 50 words familiar to children
from approximately three to four years of age. Twenty-five words
from the single-syllable word test were administered via live voice
for children under 4 years.

The children’s receptive and expressive language was tested
using the Mullen Scale of Early Learning (MSEL) [19] and the
Minnesota Child Development Inventory parent questionnaire
(MCDI) [20]. Two MSEL subscales were used: the receptive
language scale and the expressive language scale. The receptive
language scale assesses auditory comprehension and auditory
memory skills and includes items of general knowledge. The
expressive language scale measures speaking ability and language
formation and includes naming objects as well as repeating
numbers and sentences. Results from the MSEL were expressed in
T-scores with a normative mean of 50 and a standard deviation of
10. T-scores between 40 and 60 defined the normative range. The
MCDI parent questionnaire uses yes/no questions to assess child
development. Three MCDI subtests were used in this study:
Expressive Language, Comprehension-Conceptual, and Situation
Comprehension. The Expressive Language subtest assesses the
child’s expressive vocabulary and syntax development. The
Comprehension-Conceptual subtest assesses receptive vocabulary
and syntax development. The Situation Comprehension subtest
assesses the child’s development of understanding of the world
around him/her. In the Expressive Language subtest, the age-
discriminating scale samples primarily the first 3 years [20]. The
Situation Comprehension subtest has been found to have a high
correlation with intellectual functioning [21]. Results from the
final administration of the Situation Comprehension subtest was
thus used as a proxy for intelligence testing, as an indication of
whether the child was within the normal range of intelligence.
Results from the MCDI were expressed as standardized scores with
a normative mean of 100 and a standard deviation of 15. Scores
between 85 and 115 defined the normative range.

2.3. Study design and implementation

The study had a prospective, longitudinal, matched-group
design. Data was collected in a clinical setting at postoperative CI-
check-ups after 3, 6, 9, 12, 18, 24, 36 and 48 months of CI-use. Note
again that the CI users and the normal-hearing children were
matched pairwise based on chronological age at the point of each
check-up. T-test shows no significant difference in age between the
two groups at the eight check-up times. The number of children
tested at the different check-up points varies. Missing test results
were due to missed appointments, or because a child, for various
reasons, could or would not be tested. All normal-hearing children
were tested at the day-care center or at home with their parents.
All tests were administrated in Norwegian by qualified special
education teachers. On all tests, items increase in difficulty and the



Table 1
Demographic data of the prelingually deaf participants (N = 21).

Sex Etiology Onset of

profound

loss (months)

Age at completed

diagnose (months)

Age at hearing

aid (months)

Age at

operation

(months)

User time

(months)

Number of

check-ups

Educational

setting

Main

Communication

approach

Single-syllable

word recognition

Female Connexin 26 0 3 3 11 48 2 Special Auditory–oral 96%

Male Unknown 0 3 3 17 48 5 Main stream Auditory–oral 88%

Male Meningitis 4 9 9 13 48 6 Home schooled Auditory–oral 84%

Female JLNS 0 0.1 1 8 48 8 Main stream Auditory–oral 62%

Female Unknown 0 13 Not fitted 18 48 8 Main stream Auditory–verbal 72%

Female JLNS 0 0.2 Not fitted 5 48 8 Special Auditory–oral 78%

Male JLNS 0 0.5 2 5 48 8 Main stream Auditory–verbal 72%

Female Connexin 26 0 1 4 8 48 8 Main stream Auditory–verbal 88%

Male Birth damage 0 1 1 9 36 7 Main stream Auditory–oral 72%

Female Pendred syndrome 0 2 2 8 36 7 Main stream Auditory–verbal 52%

Male Unknown 0 2 3 12 36 7 Main stream Auditory–verbal 72%

Male Connexin 26 0 0.2 1 7 36 7 Main stream Auditory–verbal 91%

Male Cytomegalus virus 0 11 11 16 36 7 Main stream Auditory–verbal 88%

Female Waardenburg 0 2 9 12 36 7 Main stream Auditory–verbal 70%

Female Connexin 26 0 6 7 10 36 7 Main stream Auditory–verbal 100%

Male Connexin 26 0 3 3 10 24 6 Main stream Auditory–verbal

Female Cytomegalus virus 0 5 5 8 24 6 Main stream Auditory–verbal 100%

Female Pendred syndrome 0 8 Not fitted 14 24 6 Special Auditory–oral 72%

Male Unknown 0 11 12 16 24 6 Main stream Auditory–verbal 76%

Female Connexin 26 0 4 4 11 24 6 Main stream Auditory–verbal 90%

Male Unknown 0 4 6 8 24 6 Main stream Auditory–verbal 86%

Mean 4 4.8 11.3 37.1 6.5 80.5%

Min 0 0.75 5.5 24.0 2.00 52

Max 13 13.0 18.8 48.0 8.00 100

SD 4 3.7 3.9 10.0 1.4 12.7

JLNS: Jervell and Lange-Nielsen syndrome.
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[(Fig._1)TD$FIG]

Fig. 1. LittlEARS raw scores at 3, 6, 9 and 12 months post-implantation attained by

children with cochlear implant at age 7–29 months and their normal-hearing peers

matched on gender and on chronological age at check-up.

O.B. Wie / International Journal of Pediatric Otorhinolaryngology 74 (2010) 1258–1266 1261
testing proceeded until a specified ceiling of incorrect responses
was reached. The language test results were interpreted according
to American norms. The reference group of normal-hearing
Norwegian children compensated for the lack of Norwegian norms
on these tests. All the parents signed consent forms, and the study
was approved by the Data Inspectorate and by the Regional
Committees for Medical Research Ethics (REK).

2.4. Analyses

Pearson’s product moment correlation was used for simple
correlations. The independent samples T-test were used to
compare the mean receptive and expressive language within
and between groups. Repeated-measure ANOVA was used to
examine changes over time. Two-tailed tests of significance were
used, and the level of significance was set to 0.05, without
correction for multiple testing. Eta squared was used to estimate
effect size.

3. Results

The results from the MCDI Situation Comprehension subtest
indicated that all the children had cognitive skills within the
normal range. There was no significant difference between the
mean score calculated across all check-up points for the CI users
(118) and the reference group (122) (t = �0.46, p = 0.65).

3.1. Listening performance

The results from the LittlEARS questionnaire showed that after
9 months of bilateral CI use, CI users had achieved an average score
in listening performance equivalent to the scores of their peers
with normal hearing. There was no significant difference between
the two groups’ average scores at the 9- and 12-month check-ups
(mean score of 30 versus 31 and 33 versus 34, respectively)
(z = �0.970, p = 0.33, z = 1.190, p = 0.23) (see Fig. 1). Among the CI
users, the children who were the youngest at the time of sound
connection had the highest scores. The correlation between age at
connecting and obtained listening age quotient was significant at
the 3- through 12-month check-ups (r = 0.58, p = 0.003) (r = 0.57,
p = 0.005) (r = �0.44, p = 0.01) (r = 0.68, p = 0.00). The CI users’
single-syllable word recognition test scores are presented in the
last column in Table 1. These scores refer to the highest score
obtained after 24–48 months user time. Scores from one child were
not obtained due to young age and unwillingness to complete the
[(Fig._2)TD$FIG]

Fig. 2. Average receptive and expressive language performance over time for all 21 CI us

Mullen Scales of Early Learning. Results are expressed as T-scores. It should be noted t
test. The results showed that the CI users on average performed
significantly lower than the reference group: 80.5 (SD = 12.7)
versus 91.9 (SD = 6.5) (t = �3.5, df = 30, p = 0.00). The magnitude of
the difference in the means was strong (eta squared = 0.29).

3.2. Receptive language

Results from the MSEL receptive language scale showed that CI
users at the 3- through 9-month postoperative check-ups achieved
scores below minus one standard deviation from the normative
mean. However, after 12 months and through 48 months of use,
the scores were within the normal range of one standard deviation
from the normative mean (Fig. 2). The CI users’ mean scores were
lower than the scores of their normal-hearing peers, with the
difference reaching statistical significance at the 3- through 24-
month post-implantation check-ups (Table 2). The magnitude of
the difference in the means was strong (eta squared = 0.62, 0.33,
0.35, 0.41, 0.27, 0.17, at the 3- through 24-month check-ups,
ers and their chronologically age-matched, normal-hearing peers, measured by the

hat not all 42 subjects have data at each data point.
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respectively). However, the difference decreased with increasing
age and was no longer significant at 36 and 48 months post-
implantation, with T-scores of 44.1 versus 52.9 and 48.9 versus
49.2, respectively (Table 2). It should be noted that only 14 subjects
were tested at the 48-month check-up, and this was also the case
for the subsequently mentioned tests performed at the 48-month
check-up.

Receptive language scores from the MCDI parent questionnaire
Comprehension-Conceptual (CC) subtest, presented in Table 2,
show results somewhat similar to those of the MSEL test. At the 3-
through 24-month check-ups, the CI users achieved scores below
one standard deviation from the normative mean. At the 36- and
48-month check-ups, the CI users’ mean score approached the
normal range. The CI users’ mean score at the 3- through 24-month
check-up was lower than that of their normal-hearing peers, with
the difference reaching statistical significance at the 9- through 24-
month check-ups (Table 2). The magnitude of the differences in the
means was large (eta squared = 0.22, 0.21, 0.22, 0.35, 0.42, at the 3-
through 24-month check-ups, respectively). However, the differ-
ence decreased after 36 months of user time and was not
significant at 36 months (84.7 versus 96.4) or at 48 months (91.4
versus 87.5).

3.3. Expressive language

Results from the MSEL-expressive language subscale showed
that CI users achieved scores close to minus one standard deviation
from the normative mean at the 6- through 36-month check-ups
(Fig. 2). The CI users’ mean scores at the 3- through 48-month
check-ups were lower than those of their peers with normal
hearing, with the difference reaching statistical significance at 3-
and 9 through 36 months of CI use (Table 2). The magnitude of the
differences in the means was large (eta squared = 0.59, 0.19, 0.25,
0.41, 0.35, 0.24, at the 3- and 9- through 36-month check-ups,
respectively). At 48 months, there was no significant difference
between the average scores of the CI users (48.9) and the normally
hearing children (53.5) (Table 2).

Results from the MCDI parent questionnaire Expressive
Language scale, presented in Table 2, show language scores similar
to those found with the MSEL-expressive language tests. The CI
users’ mean scores at the 3- through 36-month postoperative
check-ups varied around minus one standard deviation from the
normative mean. The CI users’ mean scores at all the data points
were lower than their chronological age-matched hearing peers,
with the difference reaching statistical significance at the 12-
through 36-month check-ups (Table 2). The magnitude of the
differences in the means was strong (eta squared = 0.14, 0.39, 0.52,
0.55, at the 12- through 36-month check-ups, respectively). At the
48-month check-up, the CI users’ mean score was within the
normal range, and there was no significant difference between the
mean scores of the CI users (102.8) and the normally hearing
children (111) (see Table 2).

3.4. Analysis of a subset of subjects

Because not all the children have results at all check-up points,
analyses presented in Figs. 1 and 2 includes a different set of
subjects at each data point. To minimize subject variability an
analysis of a subset of 22 subjects (11 CI users and 11 normal-
hearing) with complete data from 3 through 24 months post-
implantation was done. Fig. 3a and b shows the mean receptive and
expressive scores over time on the MSEL for these children. Fig. 3c
and d shows CI users’ individual receptive and expressive scores.
An analysis of language performance showed a significant
interaction between the changes over time and group (CI users
versus normal hearing), i.e., that the changes over time differed
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Fig. 3. Average receptive and expressive language performance over time for a subset of 22 subjects (11 CI users and 11 normal-hearing) who had data points at every time

period from 3 through 24 months post-implantation, measured by the Mullen Scales of Early Learning. (a and b) Show the results for normal-hearing children versus CI users.

(c and d) Show individual results for the CI users.
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between the groups: Wilk’s lambda = 0.80, F(2,3) = 3.5, p = 0.04,
multivariate eta squared = 0.20. Repeated-measure ANOVA was
further used to examine changes over time on the MSEL receptive
and expressive language subscale scores of the CI users at 3, 6, 9,
12, 18, and 24 months post-implantation. For both receptive and
expressive language, the results showed a significant time effect:
Wilk’s lambda = .22, F = 4.4, p = 0.05 and Wilk’s lambda = 0.16,
F = 6.2, p = 0.02, respectively. The mean T-scores improved
significantly between 3 and 24 months, with increases from 28
to 47 for receptive language and from 22 to 44 for expressive
language. Thus, over a user time of 24 months, the mean score
approached the range of �1 standard deviation from the normative
mean. Note that the individual scores presented in Fig. 3c and d show
a large variation within the CI group, with receptive language T-scores
ranging from 34 to 64 and expressive language T-scores ranging from
24 to 70.

3.5. The relationship between age at connection and language

development

For both receptive and expressive language, the results showed
significant strong and moderate positive associations with early
age at connection and better language scores. However, the
associations were strongest for expressive language at the early
check-ups, diminished with increased user time, and were no
longer significant after 36 months of user time. For receptive
language, a moderate-to-strong significant correlation existed
between age at connection and MSEL scores at check-up after 3
months (�0.80, p = 0.00) and for the MCDI-CC, at 3 months (�0.91,
p = 0.00), 6 months (�0.63, p = 0.02), 9 months (�0.61, p = 0.01),
and 12 months (�0.65, p = 0.00) user time. For expressive
language, the correlations with age at connection were significant
for the MSEL at 6 months (�0.85, p = 0.00), 9 months (�0.68,
p = 0.01), 12 months (�0.64, p = 0.00), 18 months (�0.51, p = 0.36),
and 24 months (�0.47, p = 0.04) and for the MCDI at 3 months
(�0.66, p = 0.02), 9 months (�0.59, p = 0.19), 12 months (�0.65,
p = 0.00), and 18 months (�0.66, p = 0.00).

When comparing the language performance and age of
implantation, the children who were implanted before 12 months
of age had the highest average scores at all times of testing. A linear
mixed model for repeated measurements with fixed terms for
study groups (children implanted before or after 12 months of age)
and observation time showed that children implanted before 12
months of age (N = 13) had significantly higher scores than those
implanted between 12 and 18 months of age (N = 8). Mean MSEL
receptive language scale scores were 44.6 versus 34.6: (95% CI:
0.80–19.17, p = 0.035). MSEL-expressive language scale means
were 43.0 versus 32.3: 10.7 (95% CI: 3.4–18.0, p = 0.007). Fig. 4
shows that the mean scores of the children implanted before age
12 months stabilized within �1 SD from the normative mean after
12 months of use for receptive language and after 18 months of use
for expressive language. In contrast, the mean scores of the children
implanted between 12 and 18 months of age first reached the range of
normal development for both receptive and expressive language after
48 months of CI use.

4. Discussion

4.1. Language issues

The present study is one of the first to offer long-term
expressive and receptive spoken language outcome data from a
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Fig. 4. Average receptive and expressive language performance over time in children who received CI before 12 months of age versus children who received CI between 12 and

18 months of age, measured by the Mullen Scales of Early Learning. It should be noted that not all the subjects have data at each data point.
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group of prelingually deaf children who received simultaneous
bilateral cochlear implantation between the ages of 5 and 18
months. As of yet, there are few children who have received this
treatment. This study indicates that 81% of these children
developed receptive language skills and 57% developed expressive
language skills inside the normative range within 12–48 months
after implantation.

Functional language skills need several years to develop and can
be challenging for prelingually deaf children with cochlear
implants. The risk of delays and limitations in spoken language
development are apparent; spoken language skills might develop
according to the child’s hearing age, and/or at a slower rate than
expected according to how long the child has had access to sound.
This indicates delayed language development and/or a gap
between normal-hearing children’s and CI users’ language skills
that increases with age. This was true for 19% of the children in the
present study, who had receptive and expressive scores at or below
the second percentile. All of these children were in mainstream
education. This finding indicates that children with early and
bilateral implantation need long-term language monitoring aimed
at identifying each child’s individual educational and social needs.

Another language development scenario for the prelingually
deaf children is that after receiving CIs, the child will develop
language skills at a faster pace than their hearing age would
indicate and thereby attain age-equivalent language skills.
Evidence of increased rate of development compared to normal-
hearing children has been found in studies of children with early
unilateral cochlear implantation [2,22,23]. The current paper
reveals that this scenario is true for most of the early implanted,
bilateral CI users in this study. Receptive and expressive language
test scores demonstrated that the majority of the children with
implants in this study had a faster pace of language development
than their hearing age would indicate. Over time, they attained
age-equivalent language skills and decreased the language gap
between them and their normal-hearing pears.

In earlier research performed on unilateral and later-
implanted children (>12 months) that scored within the
normative range there was evidence for significantly lower
scores among the CI users compared to their normal-hearing
pairs [24,27]. Although this was true at some of the data points
in the present study, our findings diverge somewhat from these
findings as the difference in scores decreased with increased
user time and were no longer significant after 36 months with CI
for receptive language (p = 0.08) and after 48 months for
expressive language (p = 0.41). The above mentioned studies
[24,27] were cross-sectional studies and it is possible that some
of the lower results can be accounted for by the inclusion of
older and later-implanted children and by unilateral (the lack of
auditory binaural perception advantages) versus bilateral
implantation.

In comparison with earlier studies, we observed an increased
number of children attaining language skills within the normal
range at a younger age. According to Hart and Risley [4], hearing
experience in early childhood lays the foundation for more
advanced use and acquisition of language. It is possible that the
age at which a child reaches the normal range of language
performance may be important to further language development.
After 12 months of CI experience and an average chronological
age of 25 months, 38% of the children with CI had receptive
scores within the normal range, and 44% had expressive language
scores within the normal range. In the normal-hearing group 94%
scored within the normative range on both receptive and
expressive language. After 24 months of CI use and an average
chronological age of 36 months, 60% of children with CI had
receptive and 55% had expressive scores within the normal
range, whereas 90 and 100% of the normal-hearing children had
scores within the normative range in receptive and expressive
language respectively. In comparison, Geers et al. [25] studied 5-
and 6-year-old prelingually deaf children, mostly unilateral
implanted, and found that 47% attained age-appropriate recep-
tive language scores and 39% attained age-appropriate expres-
sive language scores. In that study, children who received their
implants at young ages had higher scores on all language tests
than those implanted at older ages.

Our result of a higher increase in the proportion of children with
receptive as opposed to expressive scores within the normative
range shows that the children with CI need more time to develop
age equivalent expressive language. The finding compares to
earlier studies findings that unilateral children’s development of
expressive language skills to be much slower and/or variable than
their development of receptive language skills [7]. These authors
suggest that expressive language as opposed to receptive language
were not suitable for predicting later language performance. With
81% of the children in the present study falling within the normal
range of receptive language skills during a CI user time of 12–48
months, our findings seem promising indicators for the children’s
later language performance.

4.2. Early identification and eventual secondary issues

One issue with early identification of hearing loss is that at the
time of enrollment in a particular study, a child may initially
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appear to have a normal developmental pattern, yet additional
disabilities may surface as time elapses. This appeared to be the
case for three children in this study, all with results at or below the
second percentile. In these cases, further investigation has been
implemented due to suspicion of implant complications or
additional disabilities in the child.

The children’s language was considered to be developing if they
achieved approximately equal T-scores after 18, 24 and 36 months.
This rate of development may indicate that a child’s rate of
language development will remain below that of their hearing
peers for reasons which we do not yet have plausible explanations.
Some of the reasons might not be directly related to having a
hearing loss. Such secondary issues could involve different kinds of
medical diseases and conditions, or also language disorders like
specific language impairment or an auditory processing disorder.
Normal-hearing children with specific language impairment will
have unexpected and unexplained difficulties learning and using
spoken language [26]. Specific language impairment could also
occur in the population of CI users. It is likely that they will
experience similar difficulties as normal-hearing children with
specific language impairment.

These types of scenarios may be common when children receive
implants before 12 months of age, as presumably there will be
some who have additional difficulties that appear as they grow
older. It is crucial that the instructions given to the parents and
educators explain that further developmental issues may occur.
Additionally, to ensure adequate follow-up over time, it is essential
to study a wide spectrum of language skills, such as vocabulary use
in coherent speech, understanding of syntax, and grammatical
constructions.

4.3. The contribution of variation and implications for future studies

Our results are in agreement with a number of other studies
that show a significant correlation between age at implantation
and scores both in hearing development as well as expressive
and receptive language in unilateral implanted children
[2,10,11,23,28,29]. It is noteworthy that even though all children
in this study received bilateral CIs between 5 and 18 months of
age, age at implantation still had an effect on language
development. In line with studies of unilateral implantation
in children under 12 months old [2,10,11,30,31,32], the children
in this study who were implanted between 5 and 12 months
attained higher scores and had a significant lead in reaching the
normal language range than children who received implants
between 12 and 18 months of age. It seems, however, that the
effect of early implantation is greatest in the first postoperative
years. It is reasonable to assume that a number of other factors,
such as the characteristics of the child and factors connected
with habilitation, will be of significance and will emerge as the
child grows older [7,33,34]. In this study, there was no direct
control over the degree of speech and language stimulation, the
mode of communication, or the form of interaction in the child’s
surroundings. Thus, variations in these factors may be important
contributors to differences in development. All the parents had
received shorter or longer instructions based on auditory oral or
auditory verbal training, but again it is likely that variations in
interactional patterns had occurred. Based on the findings of
Hart and Risley [4], it is likely that different interactional
patterns manifest themselves among CI users as among normal-
hearing children and contributes to variation in language skills.
Thus, a possible hypothesis is that implantation within a certain
age (in this study within 18 months) is a prerequisite for age
equivalent speech and language development but that the effect
of age at implantation will become less evident as other factors
become more important over time.
4.4. Study limitations

The number of participants in this study was limited, as the
population of children with simultaneously bilateral cochlear
implantation between the 5th and 18th month is still small. The
data are somewhat limited, as complete test results could not be
obtained at all data points for all of the children. The results at the
48-month check-up must be considered an early indication and
should be interpreted cautiously. Further follow-ups until these
children have reached 72 months of experience are planned, and
the test battery will be supplemented with more extensive tests,
including a test of understanding grammatical construction in
language.

5. Conclusions

The present study showed that prelingually deaf children’s
ability to develop complex expressive and receptive spoken
language after early, bilateral implantation appears promising.
The majority of the children in this study developed language skills
at a faster pace than their hearing age would suggest. The results
indicated that the majority of the children had expressive and
receptive language skills within the normative range after 12–48
months of CI use. The proportion of children within the normative
range increased with implant experience.
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