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Original Study

Effects of Age at Auditory Brainstem Implantation:
Impact on Auditory Perception, Language

Development, Speech Intelligibility

�Filiz Aslan, �Hilal Burcu Ozkan, �Esra Yücel, �Gonca Sennaroğlu, yBurçak Bilginer,
and zLevent Sennaroğlu

�Audiology Department, Faculty of Health Sciences; yNeurosurgery Department; and zOtorhinolaryngology Department,
Faculty of Medicine, Hacettepe University, Ankara, Turkey

Objective: To study the effect of age at auditory brainstem
implant (ABI) surgery on auditory perception, language, and
speech intelligibility.
Study Design: Retrospective single cohort design.
Setting: Tertiary referral center.
Patients: In this study, 30 pediatric ABI users with no
significant developmental issues were included. Participants
were divided into two groups, according to age at surgery
(Early Group: < 3 yr old [n¼ 15], Late Group: � 3 yr old
[n¼ 15]). Groups were matched by duration of ABI use and
participants were evaluated after 5 years (�1 yr) experience
with their device. The mean age at ABI surgery was 22.27
(ranged � 6.5) months in the early group, 45.53
(ranged� 7.9) months in the late group.
Intervention(s): Retrosigmoid craniotomy and ABI place-
ment.
Main Outcome Measure(s): Auditory perception skills were
evaluated using the Meaningful Auditory Integration Scale
and Categories of Auditory Performance from the Children’s
Auditory Perception Test Battery. We used a closed-set
pattern perception subtest, a closed-set word identification
subtest, and an open-set sentence recognition subtest. Lan-

guage performance was assessed with the Test of Early
Language Development and Speech Intelligibility Rating,
which was administered in a quiet room.
Results: In this study, the results demonstrated that the Early
Group’s auditory perception performance was better than the
Late Group after 5 years of ABI use, when children had no
additional needs (U¼ 12, p< 0.001). Speech intelligibility
was the most challenging skill to develop, in both groups.
Due to multiple regression analysis, we found that auditory
perception categories can be estimated with speech intelligi-
bility scores, pattern perception scores, receptive language
scores, and age at ABI surgery variables in ABI users with
no additional handicaps.
Conclusions: ABI is a viable option to provide auditory
sensations for children with cochlear anomalies. ABI
surgery under age 3 is associated with improved auditory
perception and language development compared with older
users. Key Words: Auditory brainstem implants—
Children—Rehabilitation.

Otol Neurotol 41:11–20, 2020.

Modern cochlear implant (CI) technologies have
improved the auditory perception and language develop-
ment skills of children with severe to profound sensori-
neural hearing loss (1). However, the benefit of CI has not
reached the optimal level due to several variables, includ-
ing age at implantation, mother’s education level, early
intervention approaches, residual hearing, and socioeco-
nomic status (2–4). Another essential factor impacting
CI success is anatomical malformation of the inner
ear and/or auditory nerve (5,6). Auditory brainstem
implantation (ABI) is indicated as a viable option when

cochlear implantation is contraindicated by severe inner
ear malformations with aplasia of the cochlear nerve,
cochlea, or labyrinth (7).

The modern ABI has a multichannel surface array that
is placed into the lateral recess of the IVth ventricle. As
the cochlear nucleus area is not directly visible, it
requires electrophysiological measures to confirm appro-
priate placement (8). Due to the anatomical malforma-
tions in cochlea and/or cochlear nerve, the number of
electrodes that can be activated and the region in which
they are found differs. Although ABI was developed for
adults, our team found that the size of the array is suitable
for children in the majority of the cases. In three children
who underwent surgery at about 1 year of age, the
foramen of Luschka was slightly enlarged to accept
the electrode. During repositioning the narrower recess
in children did not allow lateral movements as in adults
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and as a result, only movements in and out of the recess
were done according to eABR measurements. This part
of the surgery is very important to avoid difficulties in
mapping and the development of expected auditory
perception skills. These risks and variables require expe-
rienced multidisciplinary teams in ABI surgery and in the
fitting process (9).

Previous studies have shown that a multidisciplinary
team approach is necessary to obtain better auditory and
speech perception outcomes (10–12). A collaboration
among neurotologists, neurosurgeons, pediatric audiolo-
gists, rehabilitative audiologists, teachers, special educa-
tion professionals, and psychologists is important to the
outcome. The professional assessment of the children
from different perspectives determines realistic expecta-
tions after surgery. Realistic expectations help keep the
parents’ motivation higher in the rehabilitation process.

Auditory perception development in children with ABI
is slower than that in CI users. Although the children with
CI can still benefit from a different degree of residual
hearing, ABI users with inner ear malformations (such as
cochlear aplasia, cochlear nerve aplasia, etc.) cannot reach
auditory stimulation until their first ABI mapping. Only
children with acquired deafness involving temporal bone
fracture, meningitis, NF2, or other such causes have the
opportunity to develop listening skills before ABI surgery.

The negative effects of auditory deprivation on cochlear
implantation have been presented in numerous studies
(4,13,14). Cochlear implantation not later than 4-years
old and early intervention are essential for the development
of speech perception, language development, and academic
skills (14,15). Currently, most centers implant children as
young as 12 months and even younger (16,17). ABI surgery
in children is often performed later in life than with CI
surgery. There are various reasons to delay the surgery,
which also prolong auditory deprivation (i.e., surgical

complications, developmental delays or additional health
problems, inexperience of ABI team, lack of success with a
cochlear implant etc.). In the preoperative period, it is
advisable to diversify the communication options of the
children and direct them to the sign language. Manual
communication options (such as sign language, coded
language, cued speech) are recommended to parents’ of
children with ABI to support their communication skills. It
is observed that communication skills increase with the
support of sign language, behavioral problems decrease,
and provide children to follow the conversation with more
than one person and in noisy environments.

In the early 2000s, Colletti et al. published the results
of their studies with pediatric ABI users (18,19), and their
promising outcomes led professionals to explore ABI
more fully. In Hacettepe University, Otorhinolaryngol-
ogy Clinic, our team has worked with ABI users for more
than a decade, and our aim is to determine the best
approaches for improving our patients’ quality of life.

In the present study, we aimed to examine the influence
of age on auditory perception, language performance, and
speech intelligibility skills of pediatric ABI users.

METHODS

This study was conducted at the Hacettepe University
Department of Otorhinolaryngology, Audiology Unit. Having
obtained the approval of the Ethical Committee for Non-Inter-
ventional Clinical Research of Hacettepe University (issue no.
16969557-1183 and decision no. NI 17/685), the data collection
process was initiated.

Participants
The medical records of 100 pediatric ABI patients were

reviewed, and 60 patients met the inclusion criteria. Of the 60
patients, 30 patients were matched for the duration of ABI use
(Table 1). All implantations were performed by the same

TABLE 1. Demographical and audiological variables of children with auditory brainstem implants

Children With Auditory Brainstem Implant (n¼ 30)

Categorical Variables Early Group n¼ 15 % Late Group n¼ 15 % p Value

Sex 0.77

Female 10 67 11 73

Male 5 33 4 27

ABI company 0.37

Cochlear 9 60 12 80

Medel 6 40 3 20

Educational settings 0.98

Special education 12 80 10 67

Mainstream 2 13 3 20

School of Deaf 1 7 2 13

Early Group Late Group

Continuous Variables X̄ SD N X̄ SD n

Age at evaluation (yr) 7.07 0.96 15 9.60 1.4 15 0.001a

Age at ABI surgery (mo) 22.27 6.5 15 45.53 7.9 15 0.001a

Duration of ABI use (yr) 5.07 1.1 15 5.45 0.8 15 0.16

ap< 0.001.
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neurotologist and neurosurgeon. The inclusion criteria for the
study were as follows: 1) regular use of ABI (minimum 8 h/d),
2) for the Early Group, age at implantation < 3 years old, 3) for
the Late Group, age at implantation � 3 years old, 4) no other
diagnosed additional needs, 5) children who resided in mono-
lingual, Turkish-speaking homes, 6) unilateral ABI users who
had at least 5 years of auditory experience with ABI and
communicating verbally. In the Early Group, 10 of 15 children
were female, and, in the late group, 11 of 15 children were
female. All participants had congenital bilateral profound sen-
sorineural hearing loss diagnosis and they did not benefit from
hearing aids. Auditory rehabilitation services costs are funded
by government in local special education centers and all
participants enrolled the audiology department family consul-
tation services regularly. All children prefer to use auditory-
verbal or total communications methods.

Cochlear implant studies have also proved that additional
needs (such as mental retardation, developmental delay, autism)
diversely affect the outcomes in children (20,21) and similarly
delayed auditory and speech development can be observed in
children with ABI (22). In this study, children with additional
complex needs were excluded to rule out the known effects on
the outcomes.

Assessment Tools
Both auditory perception and language development skills

were assessed using standardized tests and questionnaires, which
also represented the parents’ perspectives. The assessment was
administered in one session, taking 1 to 2 hours depending on the
child. The parent questionnaires were completed by parents in
the same day, before the assessment sessions.

Auditory Perception
The Categories of Auditory Performance—II (CAP II) was

used to measure speech perception performance of the children
with implants and was completed by either parents or clinicians
(23,24). The CAP II comprises a hierarchical scale of auditory
perceptive ability and ranges from zero to seven: 0¼ no aware-
ness of environmental sounds, 1¼ awareness of environmental
sounds, 2¼ responds to speech sounds, 3¼ recognizes environ-
mental sounds, 4¼ discriminates at least two speech sounds,
5¼ understands common phrases without lipreading,
6¼ understands conversation without lipreading with a familiar
speaker, 7¼ can use the telephone with a familiar speaker (23).

The Auditory Integration Scale (MAIS) which is a parent-
reported questionnaire was used to assess listening skills in
children with hearing loss. It consists of 10 items grouped into
three main areas: implant use, awareness of sound, and sound
recognition. The first two items concern the child’s bonding
with the device, including the child’s willingness to wear it and
his or her ability to recognize and identify device malfunctions.
Items three to six relate to the child’s alertness to sounds in
everyday environments, and items seven through ten evaluate
the child’s ability to derive meaning from sound (20). Each item
was rated by parents and scored from 0 to 4 (0¼ never,
1¼ rarely, 2¼ occasionally, 3¼ frequently, and 4¼ always),
with a total score ranging between 0 and 40.

Speech perception subtests were administered both in closed-
and open-set conditions. Pattern perception, word identifica-
tion, and sentence recognition skills were evaluated using, in the
Turkish language, the Children’s Auditory Perception Test
Battery, which measures speech perception skills in three
domains: 1) closed-set pattern perception, 2) closed-set word
identification, and 3) open-set sentence recognition (21).

Closed-set pattern perception and closed-set word identifi-
cation tests measured the children’s abilities through two
separate tasks. In the closed-set pattern perception test, 12
words with different numbers of syllables (one, two, or three
syllables and compound words) were randomly presented,
twice for each word, in auditory-only conditions, asking the
child to point to or name the appropriate picture matching the
word. If the child scored 17/24 or above, the researchers
proceeded to the closed-set word identification test. This test
aimed to determine the children’s ability to identify words from
a closed set of three-syllable words, hence assessing the ability
of children with low language levels to use spectral information.
Each word, as with the pattern perception test, was presented
twice randomly. If the child scored 18/24 or above, the research-
ers proceeded to the open-set sentence recognition test. This test
contained 6 lists of 10 sentences and attempted to assess
children’s ability to recognize and comprehend speech. The
children were told they would hear a series of simple questions,
statements, and commands, which they might have heard in
their daily lives. Each sentence was presented only auditorily,
using normal vocal effort. If, after the first five sentences,
the child experienced obvious difficulty, to avoid distressing
the child, we ended the test. All children were evaluated by the
same list of sentences and a point was awarded for each word a
child was able to correctly repeat. The total score was calculated
as the number of words repeated as a percentage of the total
number of words.

All speech perception tests were administered by the same
female audiologist, using a live voice in auditory-only con-
ditions. The speech stimuli were presented at a distance of 1 m,
at normal conversation volume, on the same side as the
child’s ABI.

Language
Language skills were assessed with the Test of Early Lan-

guage Development—3 (TELD-3) (22). The test was adminis-
tered in combined auditory-verbal conditions, and it included
two subtests: receptive language and expressive language.
TELD-3 assesses language development in children between
the ages of 2 and 7 years, 11 months. Age equivalent scores are
also reported for the subtests. The TELD-3 assesses a child’s
language development broadly, specifically in the areas of
semantics, syntax, and morphology. In this study, total scores
of receptive and expressive language subtests were used to
compare the language performance between the two sample
groups.

Speech Intelligibility
The Test of Early Language Development and Speech

Intelligibility Rating (SIR) (25) was developed to measure
speech intelligibility of children with ABI implants by quanti-
fying their spontaneous speech for clinical comparisons. An
experienced clinician rated each child’s speech after listening to
his or her connected speech. This was used to measure the
child’s speech intelligibility in real-life situations. SIR consists
of five performance categories:

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

(2) Connected speech is unintelligible; intelligible speech
is developing in single words when context and lip-
reading cues are available.

EFFECTS OF AGE AT AUDITORY BRAINSTEM IMPLANTATION 13

Otology & Neurotology, Vol. 41, No. 1, 2020



Copyright © 2019 Otology & Neurotology, Inc. Unauthorized reproduction of this article is prohibited.

(3) Connected speech is intelligible to a listener who con-
centrates and lipreads within a known context.

(4) Connected speech is intelligible to a listener who has
little experience 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.

MAIS, SIR, CAP II, and TELD-3 were administered by the
same audiologist in a quiet therapy room without any visual or
auditory distractions.

Statistics
All analyses were performed in the SPSS 20 statistics

software (26). Continuous variables (i.e., duration of ABI
use, chronological age, age at evaluation) were reported as
means, standard deviations, and ranges. When the data from
these tests was examined for normality and homogeneity of
variance via the Shapiro–Wilk Test (SW¼ 0.739, df¼ 30,
p> 0.001), the results suggested that the data was not distrib-
uted normally. A Q-Q plot and histogram gave similar results.
Because of this, nonparametric tests (such as the Mann–Whit-
ney U test) were run across CAP Scores, MAIS scores, pattern
perception scores, word identification scores, sentence recog-
nition scores, language performance scores, and SIR scores.
The differences among means with p< 0.05 and p< 0.01
accepted as representing statistically significant differences.
Additionally, multiple regression analysis was conducted to
examine direct and indirect relations among variables.

RESULTS

The chronological ages of the children at the time of
evaluation were between 6 and 12 years old (SD� 6.6
yrold). In both the Early and the Late Group, children
were matched considering their duration of implant use.
The mean age of ABI surgery in the Early Group was
22 months (ranged 12–33 mo,� 7), and, for the Late
Group, it was 46 months (ranged 36–64 mo,� 8), as
shown in Table 1.

Auditory Perception Outcomes
All participants had achieved auditory sensation and

used their ABI eagerly. In both groups, children devel-
oped basic auditory perception skills, such as recognizing
environmental sounds and responding to their names. In
the Early Group, the mean score for CAP II was 5
(min¼ 4 and max¼ 6, SD� 0.79), and, in the Late
Group, it was 3 (min¼ 2 and max¼ 4, SD� 0.92).
According to the Mann–Whitney U test, there was a
statistically significant difference between the Early
Group and the Late Group in CAP II scores (U¼ 12,
p< 0.001). This result suggests that most of the children
in the Early Group started to understand common phrases
without lipreading, while most of the children in the Late
Group only identified environmental sounds by the end
of approximately 5 years (range between 4 and 6 yr).

In the Early Group, the mean MAIS score was 37
(min¼ 30 and max¼ 40, SD� 3.61), while it was 25
(min¼ 5 and max¼ 40, SD� 13.68) in the Late Group.
This outcome indicates that there was, again, a statisti-
cally significant difference between the two groups

(U¼ 64.50, p< 0.045) (Fig. 1). The Early Group had
better, meaningful auditory integration skills in everyday
situations when compared with the Late Group. In addi-
tion to the total MAIS scores of both groups, the item
scores from the questionnaires were examined. It was
found that those who had implantation surgery before age
3, and those who underwent it after age 3, had similar
scores in the first two items, which questioned the child’s
bonding with the device, including willingness to wear it.
However, when the scores of items three through six were
examined, it was found that the Late Group had lower
scores than the Early Group. This indicates that the Late
Group was less alert to sounds in everyday environments.
The Late Group also showed poorer performance on
deriving meaning from sound, as measured by items 7
through 10 (Fig. 1).

Pattern perception scores also demonstrated the advan-
tage of ABI surgery at early stages of life. Out of 15
children in the Early Group, 14 were able to complete the
task scoring 24/24 (100%). Only one child scored 22/24
(92%) but also passed the criteria for continuing on to the
word identification testing. In the Late Group, only 4 of
15 children could complete the test and pass the criteria
with 24/24 (100%). Six children had scores between 14/
24 and 23/24, but only five of them passed the criteria for
continuing to the next research stage. The test was not
administered to five children from the Late Group, as the
task was too difficult for them to carry out (Table 2). The
Mann–Whitney U test indicated that pattern perception
percentage scores were higher in the Early Group
(Mdn¼ 100) when compared with the Late Group
(Mdn¼ 87, U¼ 37, p< 0.001) (Table 3).

Concerning the closed-set word identification test, in
the Early Group, 9 of 15 children were able to complete
the task scoring 24/24 (100%). Three children scored 18/
24 (75%), but also passed the criteria for having mastered
word identification enough to continue on to the open-set
sentence recognition test. Only three children could not
pass the criteria, and they had scores between 8 and 14. In
the Late Group, 2 of 15 children completed the test and
passed the criteria scoring 24/24 (100%). Seven children
had scores between 14/24 and 23/24, and six of them
passed the criteria for continuing. The test was not
administered to six children, for whom the task was
too difficult (Table 2). This result indicated that the
Early Group had better scores for word identification
(Mdn¼ 100) than the Late Group (Mdn¼ 83, U¼ 59,
p¼ 0.026) (Table 3).

The sentence recognition test was also administered to
evaluate the open-set speech understanding of each
group. In the Early Group, 8 of 15 children had pro-
gressed enough to recognize and repeat the everyday
sentences during the live voice testing. Six children had
scores ranging from 10 to 40, and they could not pass the
required criteria, which indicated they still continued to
progress. Only one child was not ready for testing in this
group. In the Late Group, five children passed the crite-
ria, and they scored between 6 and 8. The rest of the
children were not able to continue testing (Table 2). In the
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Mann–Whitney U test, the Early Group (Mdn¼ 50) and
the Late Group (Mdn¼ 0) showed statistically significant
differences in the sentence recognition task (U¼ 71.50,
p¼ 0.09) (Table 3).

The results of auditory perception, speech perception,
and speech intelligibility are shown in detail in Table 4.

Language and Speech Intelligibility Performance
Language performance was assessed with TELD-3 in

two subtests, and scores were analyzed based on age-
equivalent scores. The Shapiro–Wilk analysis showed
that receptive language scores were probably distributed
normally (SW¼ 0.95, df¼ 30, p¼ 0.18). An Indepen-
dent Sample t test indicated that receptive language
scores were similar between the Early Group
(M¼ 41.80, SD¼ 10.85) and the Late Group
(M¼ 35.67, SD¼ 13.69), t (28)¼ 1.36, p> 0.05. Child-
ren’s language comprehension skills were evaluated by
auditory verbal mode. Age-equivalent scores were used
to evaluate the scores as there were no standard scores
consistent with chronological ages. According to the
results, when the age at which they began to use ABI
is perceived as ‘‘hearing age’’ rather than chronological
age of the children, it is observed that the early group
shows close to the hearing ages (Fig. 2).

The second subtest of language development was
expressive language subtest and its scores were not
normally distributed (SW¼ 0.91, df¼ 30, p< 0.05).
The Mann–Whitney U test showed that expressive lan-
guage performance of the Early Group (Mdn¼ 30) and
the Late Group (Mdn¼ 29) were similar (U¼ 88,

p¼ 0.30). As there were no standard scores compatible
with chronological ages for the expressive language
scores, the groups were compared with age-equivalence
scores. It was evaluated verbally. There was no signifi-
cant difference between the two groups. According to
these results, both groups have difficulties in expressive
language skills (Fig. 2).

Speech intelligibility scores were also analyzed with
the Mann–Whitney U test, and the results indicated that
speech intelligibility performance of the Early Group
(Mdn¼ 3) was better than that of the Late Group
(Mdn¼ 1, U¼ 30, p< 0.001) (Fig. 3). These results
suggest that most of the children in the Early group
reached level three (‘‘Connected speech is intelligible
to a listener who concentrates and lipreads’’), while the
Late Group stayed at level one (‘‘Pre-recognizable words
in spoken language; the child’s primary mode of every-
day communication may be manual. ’’).

A Model Suggestion to Improve the Auditory
Perception Outcomes

Following the direction of these findings, we wanted to
investigate which variables primarily predicted the audi-
tory perception performance of ABI users. We used CAP
II scores as a predictor of auditory perception perfor-
mance, which includes everyday listening performance
and auditory perception development. We hypothesized
that age at ABI surgery, receptive language performance,
closed-set pattern perception scores, and speech intelli-
gibility scores would predict the CAP II scores. The Enter
method of multiple linear regression analysis showed that

FIG. 1. Comparison of Meaningful Auditory Integration Scale (MAIS) scores between early (implanted under 3 yr of age) and late
(implanted at or beyond 3 yr of age) Auditory Brainstem Implant groups.
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a significant regression equation was found (F¼ (4,
25)¼ 29.87, p< 0.001), with R2 of .83. Participants’
predicted CAP II scores are equal to 2.49 –
0.02� (Age at ABI surgery)þ 0.77� (SIR scores)þ 0.1
� (Pattern Perception scores) – 0.1 � (Receptive Lan-
guage Scores). Adjusted R2 indicated that this model
estimated 80% of the auditory perception scores in the
pediatric ABI population. This model also showed that
speech intelligibility, pattern perception performance,
receptive language performance, and age at ABI surgery
were highly related to auditory perception categories and
can be used to estimate auditory perception performance.

DISCUSSION

In this study, we aimed to investigate the effects of age
at ABI on auditory perception, language performance,
and speech intelligibility on children with no additional
needs. The results of this study indicated three main
findings: 1) the children who received ABI under 3-years
old performed better on auditory perception than the
children who received ABI after 3-years old, 2) language
performance scores were not significantly different
between groups, 3) speech intelligibility scores were
better in the early group than the late group. Regarding

TABLE 2. Individual raw scores and percentage scores of speech perception tests

Pattern Discrimination
(TS¼ 24) %

Pass Criteria
(17/24)

Word Identification
(TS¼ 24) %

Pass Criteria
(18/24)

Sentence Recognition
(TS¼ 10) %

Pass Criteria
(>50%)

Late group 1 0 0 Fail 0 0 Fail 0 0 Fail

2 0 0 Fail 0 0 Fail 0 0 Fail

3 24 100 Pass 24 100 Pass 8 80 Pass

4 0 0 Fail 0 0 Fail 0 0 Fail

5 0 0 Fail 0 0 Fail 0 0 Fail

6 24 100 Pass 20 83 Pass 7 70 Pass

7 14 59 Fail 0 0 Fail 0 0 Fail

8 24 100 Pass 24 100 Pass 0 0 Fail

9 23 95 Pass 22 92 Pass 9 90 Pass

10 20 83 Pass 20 83 Pass 6 60 Pass

11 22 92 Pass 14 59 Fail 0 0 Fail

12 0 0 Fail 0 0 Fail 0 0 Fail

13 24 100 Pass 22 92 Pass 8 80 Pass

14 23 95 Pass 22 92 Pass 0 0 Fail

15 23 95 Pass 22 92 Pass 0 0 Fail

Early group 16 24 100 Pass 14 59 Fail 6 60 Pass

17 24 100 Pass 18 75 Pass 8 80 Pass

18 24 100 Pass 24 100 Pass 4 40 Fail

19 24 100 Pass 14 59 Fail 1 10 Fail

20 24 100 Pass 18 75 Pass 3 30 Fail

21 24 100 Pass 24 100 Pass 4 40 Fail

22 24 100 Pass 24 100 Pass 6 60 Pass

23 24 100 Pass 24 100 Pass 5 50 Pass

24 24 100 Pass 24 100 Pass 5 50 Pass

25 24 100 Pass 24 100 Pass 4 40 Fail

26 24 100 Pass 24 100 Pass 3 30 Fail

27 24 100 Pass 24 100 Pass 7 70 Pass

28 22 92 Pass 18 75 Pass 5 50 Pass

29 24 100 Pass 24 100 Pass 8 80 Pass

30 24 100 Pass 8 33 Fail 0 0 Fail

TS indicates total score.

TABLE 3. t test results of two groups in speech perception tests

Pattern Perception Word Identification Sentence Recognition

Mean
Rank

Sum of
Ranks

Z
Score p

Mean
Rank

Sum of
Ranks

Z
Score p

Mean
Rank

Sum of
Ranks

Z
Score p

The Early group (n¼ 15) 20.53 308 �3.55 0.001a 19.07 286 �2.29 0.026b 18.23 273.50 �1.75 0.080

The late group (n¼ 15) 10.47 157 11.93 179 12.77 191.50

ap< 0.001.
bp< 0.05.
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their speech perception performances, for a majority of
the children in the Early Group, it was possible to
evaluate the ability to define open-set sentence recogni-
tion skills because they passed the closed-set pattern and
word identification levels. However, in the sentence
recognition task, those children still needed visual cues
for assistance (i.e., lip-reading, gestures). Although Early

Group was performed better on speech perception tasks, a
few children could not reach their peers. Similar trending
can be seen in the Late Group, most of the children found
the speech perception tasks challenging some children
performed similar to their Early Group peers. These
results should be examined and outcomes interpreted
cautiously. Because in this study, variables such as

TABLE 4. Both groups’ performances on auditory perception, speech perception and speech intelligibility

Early Group (n¼ 15) Late Group (n¼ 15)

Mean Standard Deviation Mean Standard Deviation p Values

Categories of auditory performance 5 0.79 3 0.92 0.001b

Meaningful auditory Integration scale 37 3.61 25 13.68 0.045a

Pattern perception scores 23.87 0.52 12.67 11.07 0.001b

Word identification scores 20.40 5.14 12.67 10.95 0.026a

Sentence recognition scores 46 22.93 25.33 37.59 0.089

Speech intelligibility scores 3 1.10 1.40 0.51 0.001b

ap< 0.05.
bp< 0.01.

FIG. 2. Comparison in receptive and expressive language performances between early (implanted under 3 yr of age) and late (implanted at
or beyond 3 yr of age).
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parents’ education leveles, socioeconomic status of the
family were not included in the analysis. In future studies,
it is recommended that the effects of these variables can
be included in the evaluation to establish more precise
findings.

In fact, children who use ABI evidence a distinct
difference in their auditory skills at the end of the first
year (27–29). Taking these results into account, in our
study only the children who had auditory experience with
their ABI for more than 5 years were included to elimi-
nate the possible effects of adaptation processes. Da costa
Monsanto et al. (30) reported that a great portion of
children with ABI (93% across 24 studies) started to
detect environmental sounds and develop speech percep-
tion ability. These results correlate with our findings, as
all children, irrespective of age at implantation, could
achieve detection and reorganization skills for environ-
mental and speech sounds.

Children’s daily listening skills were evaluated by
MAIS and the information was collected from their
parents. The Early Group had better scores than Late
Group in MAIS total score. When the MAIS scores
examined in detail, it was determined that the late group
frequently had better scores from 1 and 4 which are
evaluated the sound awareness and identification. These
findings suggest that the Late Group might achieve
similar scores to the Early Group in sound awareness
skills, but they had lower scores on items that included
sound identification and open-set speech perception
skills in MAIS. These results were consistent with those

obtained from tests in closed-set and open-set conditions.
In the previous literature, MAIS scores of children with
ABI were frequently given as total scores, but no study
reported the test items that assessed the device use and
the auditory perception skills in detail. However, in
studies with children using cochlear implants, rapid
progress was observed in the MAIS subtests after implan-
tation (20,31). Although the MAIS scores of children
who underwent ABI under the age of 3 were significantly
higher, it was found that three children received better
scores than the late implant group but lower than their
groups. Due to this result, early surgery is not sufficient
and it is recommended to consider the variables such as
family participation, educational environment, and
socioeconomic level. Since these variables are not
included in this study, it is aimed to increase the studies
in this respect in the future.

In the Early Group, the youngest child underwent ABI
surgery at 12 months old and the oldest at 33 months.
Considering the CAP II scores, children in the Early
Group performed better—similarly to their peers using
CIs—and had higher CAP II scores than the children who
had their ABI surgeries after they turned 3 years old (32).
Although many of the children in the Early Group started
to recognize common phrases (CAP II Category 5),
children in the Late Group were mostly at the speech
sound identification level (CAP II Category 3). Studies
on the effects of early cochlear implantation (before users
reaching 3 yrs old) have shown that such users develop
speech recognition skills nearly in the first 2 years after

FIG. 3. Speech intelligibility rating (SIR) scores of early group (implanted under 3 yr of age) and late group (implanted at or beyond 3 yr of
age).
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implantation (33,34). Typically developing children with
CIs do not need to rely on visual cues, in contrast to
children with ABI (35,36). Although both Early and Late
Groups relied on lip-reading or speech-reading, the Early
Group required fewer visual cues in this study.

Another developmental domain in this study was
speech intelligibility, which was measured via SIR. In
this article, children in the Early Group also performed
better in speech intelligibility than children in the Late
Group. The results we obtained from both the Early and
the Late Groups were lower than results from previous CI
studies (37,38). De Raeve et al.’s study has been studied
as an example in that it emphasized the importance of
early cochlear implantation and showed rapid develop-
ment of speech intelligibility in the first 3 years, although
there are significant differences with the current study
(39). In their study, 52 children who received their CIs
before 18 months old were evaluated in the 6th, 12th,
24th, and 36th months after surgery. Their SIR scores
improved from intelligible speech in single words when
context and lip-reading cues were available (SIR Cate-
gory 2, after 1 yr) to their connected speech being
intelligible to a known listener who concentrates and
lip-reads (SIR Category 3, after 2 yr). At their third-year
interval, the median score of SIR progressed to their
speech being intelligible to a listener who has little
experience with deaf people (SIR Category 4). High
pitched sounds are essential to speech intelligibility
and speech perception in sentences (40). Choi et al.’s
latest study evidenced that nontumor patients with ABI
had limitations in high pitched sounds, such as /sh/ and /s/
(41). Additionally, there is still not enough information
about how ABI users process acoustical cues. It is known
that frequency tonotopicity of the cochlear nucleus is not
organized at the surface, but is, rather, in subunits and
layers (42,43). When ABI is placed on the surface of the
cochlear nucleus, the process of temporal and spectral
resolution afterward is unknown. For all that, some
children do develop intelligible speech with ABI during
the rehabilitation process. Further studies are needed to
determine if there is a direct effect between speech
intelligibility and high-pitched sound perception in
ABI users.

The difference between chronological age and lan-
guage performance is similar to that found by other
studies (29,44) Both groups showed similar scores on
language test items, indicating that they had not fully
progressed and they needed to integrate auditory percep-
tion and language skills. Despite the superiority of speech
perception scores in the Early Group, their receptive and
expressive language scores were not significantly differ-
ent than Late Group. These results may lead to indirect
effect on higher cognitive skills (memory, verbal reason-
ing, and problem solving). Additionally, the complexity
of the language tests increased with age, and children
with ABI need more time to develop better language
skills than do CI users. If further studies gather more
children, and follow the language skills of these children
progressing over time, the subtests’ performance may be

evaluated comprehensively, and it can then be deter-
mined which skills are superior and which skills are
challenging.

In this study, it was found that auditory perception
categories can be estimated with speech intelligibility
scores, pattern perception scores, receptive language
scores, and age at ABI surgery variables. Thus, clinics
with less pediatric ABI experience can use this formula to
determine the possible category children with no additional
needs will fall into, after follow-up processes, and, there-
fore, inform the parents about what to expect after surgery.

This study has several limitations, first the sample size
was limited. ABI is a fairly new procedure, and it is not as
widespread as CI. Second, the participants represented a
narrow range of ages and ABI users. Including children
with additional needs, and who had less than 5 years of
ABI use, could have diversified the rehabilitation out-
comes because the children who need ABI often have
additional needs. The results may not be generalized to
the all pediatric ABI recipients due to sampling limitation
and exclusion of children with additional needs. Profes-
sionals should also include multisensory integration
therapies in their individualized programs (45). For
example, the patients’ attention must be assessed and
supported—their attention spans, their ability to sustain
attention in a conversation, and their ability to select
auditory information from other distractions.

In the future studies, increasing the sample size, rather
than conducting focus groups, may provide greater depth
of information. Additionally, variables such as parents’
education levels, parents’ ages, and the education quality
of local rehabilitation centers could be assessed to show
their impacts on auditory perception and language out-
comes.

Additionally, even children who did not perform as
well as other participants still use their ABIs regularly. In
this case, we should consider benefits of ABI in children
more broadly, because our aim is to support their life
quality and communication skills. During the decision to
surgery, surgeons and audiologists can consider that the
use of ABI under 3 years old may have positive effects,
when a child is an eligible candidate.

To the authors’ knowledge, this is the first study to
examine the effects of age at ABI on auditory perception,
language, and speech intelligibility. It is known that
auditory deprivation negatively affects language develop-
ment (46,47). In the ABI candidacy selection process, the
challenges presented here should be kept in mind, and
expectations from ABI must be shaped within this context.
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