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Abstract

Traditionally, cochlear implant (CI) recipients have
had bilateral moderate-to-profound, severe, or profound
hearing loss. Individuals with asymmetric hearing loss,
who have at least a moderate-to-profound hearing loss in
one ear but better hearing in the opposite ear, have not
routinely been implanted because of their better hearing
ear. Often these individuals do not benefit from amplifica-
tion in the poorer hearing ear and have become unilateral
listeners. Listening with just one ear presents many chal-
lenges in everyday communication. The overall goal of our
research is to evaluate behavioral outcomes in individuals
who have asymmetric hearing loss and receive a CI in the
poorer hearing ear. To date, the findings explore a current
clinical question in adults and children, that is, whether CI
candidacy criteria should be expanded in cases of asymmet-
ric hearing loss to include treatment of the poorer ear. In
this chapter, we summarize three recent studies in adults
and children with asymmetric hearing loss using measures
of speech recognition, localization and hearing handicap.

Sound stimulation is necessary for normal develop-
ment and function of the central auditory system. In
animal models and humans, hearing loss affects the rep-
resentation of sound to the central auditory system (Kral,
2013). The consequences of hearing loss depend, in part,
on a combination of whether the loss is bilateral or unilat-
eral and whether the degree is total or partial. In animals
with congenital bilateral severe-to-profound hearing loss
(SPHL), abnormalities occur that extend from the audi-
tory nerve (Ryugo, Pongstaporn, Huchton, & Niparko,
1997; Ryugo, Rosenbaum, Kim, Niparko, & Saada, 1998)
to the auditory cortex (Kral, Hartmann, Tillein, Heid,
& Klinke, 2000). In humans, there are clear functional
implications related to outcomes when the hearing loss
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is congenital, bilateral and severe to profound in degree.
Treatment of SPHL with cochlear implantation in one or
both ears has been well studied and several factors that
are critical to successful outcomes have been identified.
For example, age at implantation for children with con-
genital hearing loss is an important variable that affects
communication function; the younger the child is at the
time of implantation, the better the results (Nicholas &
Geers, 2006, 2007). Likewise in adults, length of deafness
is significantly correlated with speech recognition results
(Blamey et al., 2013; Holden et al., 2013); the shorter the
duration of deafness the better the outcomes.

Less is known, however, about unilateral or partial
auditory deprivation. In the visual system in animals,
unilateral deprivation early in life resulted in permanent
impairment of binocular vision (Hubel & Wiesel, 1970).
In the auditory system, animal studies have shown that
when hearing loss was bilateral, the neural projections
between the two sides of the pathway maintain a balance,
although activity was reduced (Silverman & Clopton,
1977). Additionally, there was less effect on binaural
interactions compared to monaural deprivation. In the
latter case, a greater loss of binaural neural activity and
a greater alteration of binaural interactions occurred than
with bilateral deprivation.

Unilateral hearing loss (UHL) induces central audi-
tory system reorganization in ways that differ from bi-
lateral hearing loss. Typically stimulation of the intact
ear in cases of UHL results in a change to the balance
of hemispheric activity in the auditory cortex. Normally,
stimulation creates an asymmetric activation pattern
where one hemisphere (often the left) shows greater
activation than the other hemisphere. With UHL, there
is an increase in activity ipsilateral to the intact ear, re-
sulting in symmetric hemispheric patterns rather than
asymmetric (Burton, Firszt, Holden, Agato, & Uchanski,
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2012; Khosla et al., 2003; Maslin, Munro, & El-Deredy,
2013). Changes to the balance of activity are thought to
modify binaural interactions and auditory system struc-
tures.

Traditionally, cochlear implant (CI) recipients have
had moderate-to-profound, severe, or profound hearing
loss in both ears. Individuals with asymmetric hearing
loss, that is at least moderate-to-profound hearing loss
in one ear and better hearing in the other ear, have not
routinely been implanted because of their better hearing
ear. Often these individuals discontinue amplification in
the poorer hearing ear due to lack of benefit. In other
words, they become unilateral listeners. Listening with
just one ear results in poor speech understanding in
noise in self-report studies (McLeod, Upfold, & Taylor,
2008; Wie, Pripp, & Tvete, 2010), the inability to localize
sound (Abel, Alberti, Haythornthwaite, & Riko, 1982;
Humes, Allen, & Bess, 1980), problems understanding
when speech is directed toward the poorer ear (Giolas &
Wark, 1967), and increased listening effort (Feuerstein,
1992) even when the better ear has normal hearing.
Individuals with asymmetric hearing loss, as described
here, are at an even greater disadvantage, because their
better hearing ear does not have normal hearing.

Several studies are underway at Washington Uni-
versity School of Medicine in St. Louis and St. Louis
Children’s Hospital to study the effects of hearing asym-
metry. The overall goal of our research is to evaluate
behavioral outcomes in individuals who have asymmetric
hearing loss between ears and receive a Cl in the poorer
hearing ear. The findings to date explore a current clin-
ical question in adults and children, that is, whether CI
candidacy criteria should be expanded in cases of asym-
metric hearing loss to include treatment of the poorer ear
that has at least moderate-to-profound or severe hearing
loss. In the following pages, we summarize three recent
studies in adults and children with asymmetric hearing
loss using measures of speech recognition, localization
and hearing handicap.

Study 1: Asymmetric Hearing Loss -
Adults

Ten adults with asymmetric hearing loss (one ear
meeting CI candidacy criteria and the other ear with
better hearing) were evaluated pre-implant and at six
months post-implant. Participants were 26 to 82 years of
age. Onset of SPHL was postlingual for seven participants
and pre/perilingual for three participants. All except one
pre/perilingual participant had long-term hearing aid

(HA) use in the better hearing ear and all except one
postlingual participant had discontinued or never worn
a HA in the poorer hearing ear. The test protocol was
designed to incorporate measures and conditions that
simulated real-life listening challenges (e.g., background
noise, varied speaker locations, different loudness levels,
and multiple talkers).

Speech recognition measures and presentation
levels were as follows: the Consonant-Vowel nucle-
us-Consonant test (CNC, Peterson & Lehiste, 1962) at
60 dB SPL, the Hearing In Noise Test (HINT, Nilsson,
Soli, & Sullivan, 1994) at 60 dB SPL in the presence of
four-talker babble (4TB) at a +8 dB signal-to-noise ratio
(SNR), TIMIT sentences (Dorman, Spahr, Loizou, Dana,
& Schmidt, 2005; King, Firszt, Reeder, Holden, & Strube,
2012; Lamel, Kassel, & Seneff, 1986) at 60 dB SPL with
4TB at a +8 dB SNR, and TIMIT sentences at 50 dB SPL
in quiet. For these measures the sentences and noise
(when used) were presented from zero degrees azimuth.
HINT sentences were also presented in the R-Space lab-
oratory sound system (Compton-Conley, Neuman, Kil-
lion, & Levitt, 2004; Revit, Schulein, & Julsrom, 2002)
that uses eight loudspeakers surrounding the listener.
For this measure restaurant noise was presented at 60
dB SPL from all eight loudspeakers and the sentences
were presented from zero degrees azimuth; sentence
level was adjusted adaptively based on the participants’
responses to obtain an SNR for 50% accuracy.

Localization was evaluated using 100 monosyllabic
words presented pseudo-randomly from a 15 loud-
speaker array (10 active and five inactive unbeknownst
to the participant) at a roved 60 dB SPL (= 3 dB). The
loudspeakers were arranged in a 140 degree arc in front
of the participant, each 10 degrees apart. A root mean
square (RMS) error was calculated based on participant
responses. Additionally, a self-assessment of perceived
communication function, the Speech Spatial and Qual-
ities of Hearing Scale (SSQ, Gatehouse & Noble, 2004),
was completed at each interval.

Figure 1 shows mean results for the postlingual
group and the four fixed-level speech recognition meas-
ures. Pre-implant results are shown for the poorer hear-
ing ear (with the participant’s or a clinic HA) in black,
the better hearing ear (aided) in white, and the everyday
listening condition (HA in the better ear for all partici-
pants except one, whose everyday listening condition
was HAs in both ears) in gray. Post-implant results are
shown for the poorer hearing ear with the Cl in black, the
better hearing ear (aided) in white, and the bimodal con-
dition (CI plus HA) in gray. For adults with postlingual
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hearing loss, group mean results indicated significant
open-set speech recognition in the implanted ear after
six months for measures in quiet and noise. Further-
more, significant improvements in speech recognition
and localization (see Figure 6 in Firszt et al., 2012 for
localization results) were observed when comparing the
6-month bimodal condition to the pre-implant, everyday
listening condition. For sentences at a soft level in quiet

and localization the post-implant bimodal condition was
significantly better than the better ear HA-alone condi-
tion.

For adults with prelingual hearing loss, speech rec-
ognition was limited in the Cl-alone condition for words
and sentences in quiet and sentences in noise. Figure
2 shows study results for the adaptive measure in the
R-Space for the three pre/perilingual participants. For
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Figure 1. Group mean speech recognition scores (CNC words, HINT sentences in noise, TIMIT sentences in noise, and TIMIT sentences in quiet)
pre-implant and at 6 month post-implant are shown for the seven postlin~gual participants. Scores are shown in black for the poorer-hearing ear that
was implanted, in white for the better-hearing ear with a HA, and in gray for the participants’ everyday listening condition (bimodal at the postimplant
interval). HINT, hearing in noise test; CNC, consonant-vowel nucleus-consonant; HA, hearing aid. (Reprinted with permission from Lippincott Williams
and Wilkins/Wolters Kluwer Health: Firszt et al. 2012, Cochlear Implantation in Adults with Asymmetric Hearing Loss, (33)4, p. 526. Promotional and
commercial use of the material in print, digital or mobile device format is prohibited without the permission from the publisher Lippincott Williams &

Wilkins.)
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this measure of SNR, lower scores indicate better per-
formance. None of the pre/perilingual participants were
able to understand sentences in the presence of restau-
rant noise (thus they were given a score at the greatest
SNR, +22, since they were unable to do the task). Across
measures and pre/perilingual participants, very few bi-
modal benefits were seen compared to the HA-alone con-
dition. Localization abilities also were not significantly
improved bimodally over the HA-alone condition for the
pre/perilingual participants.

For all participants, including the pre/perilingual
participants without documented bimodal benefit, mean
questionnaire ratings indicated improved perceived com-
munication function at six months post-implant compared
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Figure 2. Adaptive HINT scores in restaurant noise at the 6 mo inter-
val for pre/perilingual participants are shown. Scores are expressed
as SNR and are shown in black for the poorer-hearing ear that was
implanted, in white for the better-hearing ear with a HA, and in gray for
the participants’ everyday listening condition (bimodal at the postim-
plant interval). HINT, hearing in noise test; SNR, signal to noise ratio;
HA, hearing aid. (Reprinted with permission from Lippincott Williams
and Wilkins/Wolters Kluwer Health: Firszt et al. 2012, Cochlear Im-
plantation in Adults with Asymmetric Hearing Loss, Vol 33, 4, p. 528.
Promotional and commercial use of the material in print, digital or
mobile device format is prohibited without the permission from the
publisher Lippincott Williams & Wilkins.)

to pre-implant. In summary, distinct patterns were ob-
served for adults with postlingual versus pre/perilingual
hearing loss. All postlingual adults had Cl-alone speech
recognition even when there was a prolonged period of
deafness and no HA use. In contrast, pre/perilingual
adults had minimal to no Cl-alone speech recognition.
Age at onset of hearing loss in childhood appears to be

a significant factor, despite substantial hearing levels in
the non-implanted better ear.

Study 2: Varied Forms of Asymmetric
Hearing — Adults

Three adult patient groups who were unilateral lis-
teners with varied hearing modes were compared on
the SSQ. The first group (UHL group; n = 30) had nor-
mal hearing in one ear and SPHL in the other ear. The
second group (CI group; n = 20) had a CI in one ear and
SPHL in the other ear. The third group (HA group; n
= 16) used a HA in one ear and had SPHL in the other
ear. In addition, participants of similar age with normal
hearing bilaterally completed the SSQ (NH group; n =
21). The SSQ consists of 49 items that have respondents
indicate their level of hearing ability/disability along a
10-point scale for each item; 10 indicates the greatest abil-
ity and 0 the greatest disability. Results were analyzed
by domain (Gatehouse & Noble, 2004) and subscale
(Gatehouse & Akeroyd, 2006). The three SSQ domains
are Speech (14 items), Spatial (17 items) and Quality
(19 items). Gatehouse & Akeroyd (2006) subdivided
the domains into 10 subscales to provide greater detail
when describing respondents’ communication function.
Subscales of the Speech domain were Speech in Quiet
(SiQ), Speech in Noise (SiN), Speech in Speech Contexts
(SiSCont), and Multiple Speech Stream Processing and
Switching (MultStream). Subscales of the Spatial domain
were Localization (Loc), and Distance and Movement
(DisMov). Subscales of the Qualities domain were Segre-
gation of Sounds (SegSnds), Identification of Sound and
Objects (IdSnd), Sound Quality and Naturalness (Qlty),
and Listening Effort (Eff).

Figure 3 shows mean responses by domain and sub-
scale for each of the participant groups, Speech domain
in panel A, Spatial domain in panel B and Qualities do-
main in panel C. Responses are shown for the NH group
in white, the UHL group in black, the CI group in dark
gray, and the HA group in light gray. The NH group re-
sponses were significantly better than each of the three
hearing-impaired groups for all subscales and domains.
No matter the mode of hearing, all unilateral listening
groups, even the UHL group with a normal hearing ear,
perceived significant communication challenges in all
areas addressed by the SSQ. Comparison of the three
hearing-impaired groups identified few significant dif-
ferences. The UHL group rated themselves significantly
higher than the HA group for the Speech domain and
four subscales (SiQ, SiSCont, IdSnd, and Qlty). The only
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Figure 3. Group mean ratings are shown for subscales and domains
(top panel Speech, middle panel Spatial, lower panel Qualities) for par-
ticipants with NH, UHL, a CI, and an HA. Error bars represent standard
error. Brackets and asterisks denote significant comparisons, ***p <
0.001, **p < 0.01, *p < 0.05. CI indicates cochlear implant; DisMov,
Distance and Movement; Eff, Listening Effort; HA, hearing aid; IdSnd,
Identification of Sound and Objects; Loc, Localization; MultStream,
Multiple Speech Stream Processing and Switching; NH, normal hear-
ing; Qlty, Sound Quality and Naturalness; SegSnds, Segregation of
Sounds; SiQ, Speech in Quiet, SiN, Speech in Noise; SiSCont, Speech
in Speech Contexts; SSQ, Speech, Spatial and Qualities of Hearing
scale; UHL, unilateral hearing loss. (Reprinted with permission from
Lippincott Williams and Wilkins/Wolters Kluwer Health: Dwyer et al.
2014, Effects of Unilateral Input and Mode of Hearing in the Better Ear:
Self-reported Performance Using the Speech, Spatial and Qualities of
Hearing Scale, (35)1, p. 131. Promotional and commercial use of the
material in print, digital or mobile device format is prohibited without
the permission from the publisher Lippincott Williams & Wilkins.)

statistically different rating between the UHL and CI
groups was for IdSnd.

Overall, the results highlight the similarity in per-
ceived ability among these three unilateral listening
groups in spite of seemingly very different modes of
hearing. For two domains (Spatial and Qualities) and for
six subscales (SiN, MultiStream, Loc, DisMov, SegSnds
and Eff) there were no significant differences in how the
UHL, CI and HA groups rated themselves on the SSQ. Al-
though these three groups perceive their daily communi-
cation experiences very similarly, clinical approaches
for treatment are quite different. Individuals with a sin-
gle CI and a contralateral SPHL ear are more routinely
considered for a second ear CI. In contrast, individuals
with substantial bilateral hearing loss that includes only
one ear in the SPHL range or individuals with unilateral
normal hearing and a contralateral SPHL ear are rarely
considered CI candidates. In Dwyer et al. (2014) a ma-
jority of the CI and HA group participants went on to
obtain a CI for the SPHL ear. Six-month post-treatment
results were significantly higher than pre-treatment re-
sults for both groups on all three SSQ domains and all
10 subscales. Post treatment, the CI group (now bilateral
Cl recipients) rated themselves significantly higher than
the UHL group on the Spatial domain and the SiQ, SiN,
Loc, DisMov, and Eff subscales. Post treatment, the HA
group (now bimodal recipients) rated themselves signifi-
cantly higher than the UHL group on Loc and Eff. This
suggests that bilateral/binaural hearing as well as mode
and quality of hearing are significant contributors to suc-
cessful daily communication as viewed by the individual.

Study 3: Asymmetric Hearing Loss -
Children

A small group of five children and adolescents (10
— 19 years of age) with asymmetric hearing loss (one
ear meeting CI candidacy criteria and the other ear with
better hearing) received a CI based on clinical recom-
mendations and were evaluated after at least six months
of CI experience (six months to five years). (Cadieux,
Firszt, & Reeder, 2013). All participants consistently used
a HA on the non-implanted ear. Three of the participants
had a more favorable hearing history for the ear that was
implanted (either non-congenital SPHL onset and/or
consistent HA use and three to five years of CI experi-
ence) than the other two participants (congenital SPHL
onset, no HA use, and only six months of CI experience).

Testing was completed in three listening conditions:
Cl alone, HA alone, and bimodal. Test measures included
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CNC words at 50 dB SPL, CNC words at 60 dB SPL with
4TB at +8 dB SNR, HINT sentences in the R-Space with
restaurant noise at 60 dB SPL (described above), and
the Bamford-Kowal-Bench Speech in Noise test (BKB-
SIN, Etymotic Research, 2005) with 4TB at 65 dB SPL
and the sentence level beginning at +21 dB SNR and
incrementally decreasing to 6 dB SNR. Localization was
also measured in the same manner as described above.

The three participants with the more favorable
hearing history had significantly better bimodal scores
compared to CI alone or HA alone on one or more of
the speech recognition measures. All three participants
had significantly improved localization when comparing
bimodal to either the HA- or Cl-alone condition. The
two participants with congenital SPHL onset, no HA
experience and only six months CI use had limited or
no Cl-alone speech understanding. One of the two did
significantly better bimodally than with either device
alone for the R-Space. Neither had improved localization
bimodally over the HA or CI alone.

Some children and adolescents with asymmetric
hearing were able to benefit by receiving a CI for the
poorer hearing ear and continuing to use a HA at the bet-
ter hearing ear, becoming bimodal listeners. Reports by
all five participants and their parents reported benefit in
everyday listening situations with the addition of the CI
compared to their previous unilateral listening condition
with a HA. These study results suggest that additional
study with a larger group of children is warranted to
better understand the potential of cochlear implantation
for this group of children.

Summary and Future Clinical Considera-
tions

Continued study of the effects of unilateral input and
subsequent treatment in this population is needed, in-
cluding the effects of cochlear implantation. Implications
of unilateral input that occurs early in life and whether
binaural abilities can be accessed or developed later are
not fully understood. To maximize the potential for those
abilities dependent on binaural input, CI candidacy re-
quirements need modification. Importantly, we should
evaluate and consider treatment for each ear individually
(i.e. optimizing hearing for both ears). Better hearing
in one ear should not disqualify an individual for coch-
lear implantation of an ear with poor hearing and no HA
benefit. This approach recognizes the binaural auditory
system as a single system, rather than as two ears that
are redundant. Current descriptions of these types of

hearing profiles, for example, having one normal hearing
ear and one deaf ear, should be changed to having an ab-
normal binaural system. There is clear evidence that what
happens to one ear affects the function of the binaural
system. As clinicians, we need to treat the entire system.

Acknowledgements

This work was supported by RO1DC009010 and
P30DC04665 from the National Institute on Deafness
and Other Communication Disorders and a Collaborative
Faculty-Staff Research Grant from St. Louis Children’s
Hospital.

We acknowledge the following for assistance with
data collection: Brenda Gotter, Karen Mispagel, Lisa
Potts, and Sallie Vanderhoof from Washington Univer-
sity School of Medicine; Sarah Zlomke, Kristen Lewis
and Heidi Frazier from Midwest Ear Institute in Kansas
City, MO. We thank Chris Brenner and Megan Carter
for assistance with data entry, Tim Holden for stimuli
calibration and equipment support, Dorina Kallogjeri for
statistical support, and our participants for their time and
efforts during our studies.

References

Abel, S. M., Alberti, P. W., Haythornthwaite, C., & Riko,
K. (1982). Speech intelligibility in noise: effects of
fluency and hearing protector type. Journal of the
Acoustical Society of America, 71(3), 708-715.

Blamey, P., Artieres, F., Baskent, D., Bergeron, F., Bey-
non, A., Burke, E., et al. (2013). Factors Affecting Au-
ditory Performance of Postlinguistically Deaf Adults
Using Cochlear Implants: An Update with 2251 Pati-
ents. Audiology and Neurotology, 18(1), 36-47.

Burton, H., Firszt, J. B., Holden, T., Agato, A., & Uchan-
ski, R. M. (2012). Activation lateralization in human
core, belt, and parabelt auditory fields with unila-
teral deafness compared to normal hearing. Brain
Research, 1454, 33-47. doi: S0006-8993(12)00398-8
[pii]10.1016/j.brainres.2012.02.066

Cadieux, J. H., Firszt, J. B., & Reeder, R. M. (2013).
Cochlear implantation in nontraditional candidates:
preliminary results in adolescents with asymmetric
hearing loss. Otology and Neurotology, 34(3), 408-
415. doi: 10.1097/MA0O.0b013e31827850b8

Compton-Conley, C. L., Neuman, A. C., Killion, M. C., &
Levitt, H. (2004). Performance of directional micro-
phones for hearing aids: real-world versus simula-

P92896_FB_Buch_lInhalt.indb 120

04.08.14 10:53



Results in Individuals with Asymmetric Hearing Loss Using a Cochlear Implant and a Hearing Aid 121

tion. Journal of the American Academy of Audiology,
15(6), 440-455.

Dorman, M. F., Spahr, A. ]J., Loizou, P. C., Dana, C.J., &
Schmidt, J. S. (2005). Acoustic Simulations of Com-
bined Electric and Acoustic Hearing (EAS). Ear and
Hearing, 26(4), 371-380.

Dwyer, N. Y., Firszt, J. B., & Reeder, R. M. (2014). Ef-
fects of Unilateral Input and Mode of Hearing in
the Better Ear: Self-reported Performance Using
the Speech, Spatial and Qualities of Hearing Scale.
Ear and Hearing, 35(1), 126-136. doi: 10.1097/
AUD.0b013e3182a3648b

Etymotic Research. (2005). BKB-SIN Speech-in-Noise
Test, Version 1.03. Elk Grove Village, IL.

Feuerstein, J. F. (1992). Monaural versus binaural hea-
ring: ease of listening, word recognition, and attenti-
onal effort. Ear and Hearing, 13(2), 80-86.

Firszt, J. B., Holden, L. K., Reeder, R. M., Cowdrey, L., &
King, S. (2012). Cochlear implantation in adults with
asymmetric hearing loss. Ear and Hearing, 33(4),
521-533. doi: 10.1097/AUD.0b013e31824b9dfc

Gatehouse, S., & Akeroyd, M. (2006). Two-eared lis-
tening in dynamic situations. International Journal
of Audiology, 45, Suppl, 120-124.

Gatehouse, S., & Noble, W. (2004). The Speech, Spatial
and Qualities of Hearing Scale (SSQ). International
Journal of Audiology, 43(2), 85-99.

Giolas, T. G., & Wark, D. J. (1967). Communication pro-
blems associated with unilateral hearing loss. Jour-
nal of Speech and Hearing Disorders, 32(4), 336-343.

Holden, L. K., Finley, C. C., Firszt, J. B., Holden, T. A,
Brenner, C., Potts, L. G., et al. (2013). Factors affec-
ting open-set word recognition in adults with coch-
lear implants. Ear and Hearing, 34(3), 342-360. doi:
10.1097/AUD.0b013e3182741aa7

Hubel, D. H., & Wiesel, T. N. (1970). The period of su-
sceptibility to the physiological effects of unilateral
eye closure in Kittens. Journal of Physiology, 206(2),
419-436.

Humes, L. E., Allen, S. K., & Bess, F. H. (1980). Hori-
zontal sound localization skills of unilaterally hea-
ring-impaired children. Audiology, 19(6), 508-518.

Khosla, D., Ponton, C. W., Eggermont, J. J., Kwong, B.,
Don, M., & Vasama, J. P. (2003). Differential ear
effects of profound unilateral deafness on the adult
human central auditory system. Journal of the Asso-
ciation of Research in Otolaryngology, 4(2), 235-249.

King, S. E., Firszt, J. B., Reeder, R. M., Holden, L. K., &
Strube, M. J. (2012). Evaluation of TIMIT sentence
list equivalency with adult cochlear implant recipi-

ents. Journal of the American Academy of Audiology,
23, 313-331.

Kral, A. (2013). Auditory critical periods: A review
from system’s perspective. Newuroscience, 247,
117-133.  doi:  http://dx.doi.org/10.1016/j.neu-
roscience.2013.05.021

Kral, A., Hartmann, R., Tillein, J., Heid, S., & Klinke,
R. (2000). Congenital auditory deprivation reduces
synaptic activity within the auditory cortex in a lay-
er-specific manner. Cerebral Cortex, 10(7), 714-726.

Lamel, F. L., Kassel, R. H., & Seneff, S. (1986). Speech
database developmentent: design and analysis of
the acoustic-phonetic corpus. Proceedings of DARPA
Speech Recognition Workshop, Report No. SAIC-
86\1546.

Maslin, M. R. D., Munro, K. J., & El-Deredy, W. (2013).
Source analysis reveals plasticity in the auditory
cortex: Evidence for reduced hemispheric asym-
metries following unilateral deafness. Clinical Neu-
rophysiology, 124(2), 391-399. doi: http://dx.doi.or-
2/10.1016/j.clinph.2012.07.016

McLeod, B., Upfold, L., & Taylor, A. (2008). Self re-
ported hearing difficulties following excision of
vestibular schwannoma. International Journal
of Audiology, 47(7), 420-430. doi: 792164789 [pii]
10.1080/14992020802033083

Nicholas, J. G., & Geers, A. E. (2006). Effects of early
auditory experience on the spoken language of deaf
children at 3 years of age. Ear and Hearing, 27(3),
286-298.

Nicholas, J. G., & Geers, A. E. (2007). Will they catch
up? The role of age at cochlear implantation in the
spoken language development of children with se-
vere to profound hearing loss. Journal of Speech,
Language and Hear Research, 50(4), 1048-1062. doi:
50/4/1048 [pii]10.1044/1092-4388(2007/073)

Nilsson, M., Soli, S. D., & Sullivan, J. A. (1994). Develop-
ment of the Hearing in Noise Test for the measure-
ment of speech reception thresholds in quiet and in
noise. Journal of the Acoustical Society of America,
95(2), 1085-1099.

Peterson, G. E., & Lehiste, I. (1962). Revised CNC lists
for auditory tests. Journal of Speech and Hearing Di-
sorders, 27, 62-70.

Revit, L. J., Schulein, R. B., & Julsrom, S. D. (2002). To-
ward accurate assessment of real-world hearing aid
benefit. Hearing Review, 9, 34-38, 51.

Ryugo, D. K., Pongstaporn, T., Huchton, D. M., & Ni-
parko, J. K. (1997). Ultrastructural analysis of pri-
mary endings in deaf white cats: morphologic alte-

P92896_FB_Buch_lInhalt.indb 121

04.08.14 10:53



122 ~ A Sound Foundation Through Early Amplification

rations in endbulbs of Held. Journal of Comparative
Neurolology, 385(2), 230-244.

Ryugo, D. K., Rosenbaum, B. T., Kim, P. J., Niparko, J.
K., & Saada, A. A. (1998). Single unit recordings in
the auditory nerve of congenitally deaf white cats:
morphological correlates in the cochlea and coch-
lear nucleus. Journal of Comparative Neurology,
397(4), 532-548.

Silverman, M. S., & Clopton, B. M. (1977). Plasticity of
binaural interaction. I. Effect of early auditory depri-
vation. Journal of Neurophysiology, 40(6), 1266-1274.

Wie, O. B., Pripp, A. H., & Tvete, O. (2010). Unilateral
deafness in adults: effects on communication and so-
cial interaction. The Annals of Otology, Rhinology,
and Laryngology. 119(11), 772-781.

19_Kap_14.indd 122 11.08.14 14:50



