
Dear Colleagues,
In this special issue of the “Journal of Hearing Science”, 
you will find the abstracts of all the oral presentations, 
poster presentations, structured sessions, workshops, 
and keynote lectures of the 13th Congress of the 
European Federation of Audiology Societies, which 
takes place in Interlaken, Switzerland. A large variety 
of research areas, concepts and ideas is covered here 
by more than 200 contributions. They range from 
topics which are important today in everyday exams 
in children and adults, such as tympanometry or 
hearing screening, to intriguing and promising 
new concepts, such as hearing with light or brain-
computer interfaces in audiology, which might 
become very relevant in the future.
This meeting of the European Federation of Audiology Societies (EFAS) is an ideal event to 
exchange ideas and proposals and to discuss audiologic topics in a relaxed atmosphere. Interlaken 
provides an ideal and stimulating venue for such a meeting. I am sure that you will not only 
hear interesting talks and see great posters from well-known researchers, but that you will have 
many stimulating talks with colleagues from many different countries.
The congress is organized by audiology group of the ENT-department of the University Hospital 
of Bern. The latter is locally better known by the name of “Inselspital” and has been founded in 
1354. Personally, what I find most amazing is that today, more than 660 years later, the hospital 
is not only still running, but attracts more patients and its research is more innovative than 
ever before. With the work at our hospital and the University of Bern and our contributions 
to different research areas in hearing bone conduction hearing aids, the development of the 
implantable hearing system DACS, or robotic cochlear implantation, we hope to contribute 
to this effort and success and to be part of this local drive for the benefit of our patients. The 
organization of a large international audiologic congress, such as EFAS 2017 is an important part 
of our dedication and a way to give back some of the support we have received from various 
individuals and institutions over the past years.

Welcome to EFAS 2017!
Prof. Dr. med. Dr. sc. techn. Martin Kompis

Congress President, 13th Congress of the European Federation of Audiology Societies in 
Interlaken, Switzerland
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Dear Colleagues,
Warm greetings from EFAS to all with an enthusiasm 
for ears and hearing. Many European Countries 
collaborate through EFAS; on www.EFAS.ws you 
can read our Mission statement; find professional 
Audiology contacts and consider possibilities for 
cross border research/ staff and student exchanges, 
or apply for EFAS Congress scholarships to facilitate 
younger Audiologists to travel and share their work. 
Climb mountains, both real and theoretical, with us 
in beautiful Interlaken in June, www.efas2017.org
Istanbul in 2015 was where EFAS shared the spirit 
of East meeting West with their new Audiology 
degree programme being launched; then in 2016, 
many European Audiology Academics visited Cork, 
Ireland and shared progress with e-learning and even kissed the Blarney Stone – vital for scientific 
communicators! An EFAS grant-funded Israeli project on e-learning has had ‘technical hitches’; 
truthfully, technology changes so rapidly now that technical solutions ‘upgrade’ every 2 years. 
Friends & colleagues remain our best resource in the Audiology learning curve.
EFAS, over many years, has encouraged training and professionalism in European Audiology 
degree programmes, including advocacy. There are many interesting Working Groups with 
some research in progress in School Screening. In 2019, EFAS are heading to Lisbon for some 
guaranteed sunshine. And we sincerely hope to meet again, in person as well as ‘virtually’.

Dr. Theresa Pitt
Au.D., M.Sc., Chairperson EFAS 2017
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Workshop WS01 | Hearing 4 All

W01

Hearing4All: Developments from the Cluster of 
Excellence for Audiology in Europe

Speakers: Birger Kollmeier, Oldenburg, DE, Thomas 
Lenarz, Hannover, DE, Ania Warzybok, Oldenburg, 
DE, Andreas Büchner, Hannover, DE, Simon Doclo, 
Oldenburg, DE

Chairs: Birger Kollmeier, Oldenburg, DE, Thomas Lenarz, 
Hannover, DE

Introduction to the cluster of excellence Hearing4All.

Hear the future with implantable hearing devices: clinical, 
otological, and technological aspects.

Multilingual speech tests and their application for inter-
national field studies and comparison between theory and 
experiment.

Highlights from Hearing4all for patients with auditory 
implants.

Highlights from Hearing4all for patients with hearing aids 
and the subclinical population.

Workshop WS03 | School-age hearing screening 
and pediatric audiology

W02

Report of the EFAS Working Group on School-
Age Hearing Screening

Speakers: Jan Wouters, Leuven, BE, Jan de Laat, Leiden, 
NL, Sam Denys, Leuven, BE, Tom Francart, Leuven, BE

Chairs: Jan Wouters, Leuven, BE

KU Leuven, Department of Neurosciences, ExpORL, Leuven, 
Belgium

An overview will be given of the activities of the EFAS 
Working Group on School-Age Hearing Screening since 
the last EFAS congress. The outcomes of the working group 
meetings will be reported and plans presented for a multi-
country EFAS initiative of hearing screening in children. In 

the two following contributions the development and eval-
uation of a new screening test, which will be used as a com-
mon denominator in this collaboration, will be reported.

W03

Hearing loss in children and the development of 
on-line non-speech hearing screening for school-
aged children

Jan de Laat1, Marya Sheikh Rashid2, Laura Sels2, Wouter 
Dreschler2, Sam Denys3, Jan Wouters3

(1) Leiden University Medical Centre
(2) Academic Medical Centre
(3) KU Leuven

Neonatal hearing screening programs do not identify all 
childhood hearing impairment. The prevalence of per-
manent hearing loss ranges from 1‰ to 2‰ shortly af-
ter birth and doubles in the following period until about 
8 years of age (Fortnum, 2011). Screening at later ages is 
imperative, given the detrimental consequences of un-
treated (acquired) hearing impairment early in life, result-
ing in speech, language, and cognitive development dis-
orders. Until now hearing screening programs at school 
show many shortcomings in different European countries. 
The EFAS European consensus states that children aged 
4–7 years are the primary target population for school-
age hearing screening. The development of reliable hear-
ing screening methodologies is a major focus in our re-
search. Speech-in-noise tests, such as digit triplet tests, 
have proven to be reliable self-screening instruments that 
accurately distinguish between individuals with hearing 
impairment and normal hearing. Whereas their outcomes 
are quite comparable across different languages, differenc-
es remain due to recordings of different speakers in dif-
ferent languages. A non-speech sound-in-noise test might 
offer a solution and pave ways for international compar-
isons, given its language independence. Such a test (the 
Sound Ear Check) was developed at the Leiden University 
Medical Centre and the Academic Medical Centre in Am-
sterdam. This is a 9-AFC test, accessible through internet, 
in which common sounds are presented in noise (with a 
fixed level of 65 dB SPL) at adaptively varying signal-to-
noise ratios (SNR). The sounds are connected to easily 
recognizable pictures. Preliminary experiments show re-
liable test–retest results.

WORKSHOPS

13th Congress of the European Federation 
of Audiology Societies, June 7–10, 2017, 
Interlaken, Switzerland
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W04

Optimization and evaluation of a language-
independent hearing screening test based on 
sound-perception-in-noise

Sam Denys1, Jan De Laat2, Wouter Dreschler3, Laura 
Sels3, Michael Hofmann1, Jan Wouters1

(1) KU Leuven
(2) Leiden University Medical Centre
(3) Academic Medical Centre

The development of reliable hearing screening method-
ologies is a major focus in our research. Speech-in-noise 
tests, such as digit triplet tests, have been proven reliable 
self-screening instruments that accurately distinguish be-
tween adults with hearing impairment and normal hear-
ing. However, for young children (at school-entry), such 
a test might be too challenging as it requires knowledge of 
the written representation of numbers and loads memory 
capacity. A sound-in-noise test (the Sound Ear Check), in 
which sounds are presented in noise at adaptively varying 
signal-to-noise ratios (SNR), was developed at the Leiden 
University Medical Centre.

This paper reports on the optimization and evaluation of 
this test in normal hearing and hearing impaired adults 
across two investigational sites (KU Leuven and Amster-
dam Academic Medical Centre).

From a database of 30 sounds, 9 were selected (albeit low-
pass filtered) based on their spectro-temporal character-
istics resembling speech. In the optimization phase, the 
rms-equalized tokens were presented at fixed SNRs of 0 to 
–18 dB SNR to 20 normal hearing adults, using our soft-
ware platform APEX. Psychometric curves were fitted to 
these data. Speech reception thresholds and slopes were 
comparable across sites and on average –13.2 dB SNR and 
14.7%/dB, respectively. Level adjustments needed to obtain 
perceptually homogeneous tokens and, as such, a steeper 
psychometric function of the overall test, were all below 2 
dB. In the evaluation phase, reference values, training ef-
fects, test reliability and validity were quantified. Also, an 
evaluation of the images representing the different sounds 
of the test was done in 5–6 year old children. Data collec-
tion is still ongoing at the moment of abstract submission 
and will be presented at the conference.

Should this test have acceptable precision and discrim-
inate reliably between normal hearing and hearing im-
paired persons, it might be a useful common reference 
across many countries and allow efficient prevalence esti-
mates of (childhood) hearing impairment based on a large 
dataset by hearing screening via mobile devices (apps) or 
the internet.

W05

VIRATO, a simulator and training module for 
child audiometry

Tom Francart1, Arjan Bosman2, Chris Halpin3, Jeroen 
Hermans1, Jan Wouters1

(1)  KU Leuven, Department of Neurosciences, ExpORL, Leuven, 
Belgium

(2)  Radboud University Medical Centre, Nijmegen, The 
Netherlands

(3)  Department of Audiology Massachusetts Eye and Ear, 
Harvard Medical School, Boston

Free-field audiometry of young children requires a lot of 
practice and expertise of the audiologist. To facilitate the 
training of non-experienced clinicians and students, a sim-
ulation program has been developed. VIRATO (VIsual Re-
inforcement Audiometry Training mOdule) is a simulation 
program for the training of free-field audiometry of chil-
dren. The module interactively displays segments of vid-
eo recordings of real-life audiometric measurements. The 
software will be presented and demonstrated.

Workshop WS04 | Audiology and intellectual 
disability

W06

EFAS Working Group on Audiology and Intellectual 
Disability (in alphabetical order: Eva Andersson1, 
Siobhan Brennan2, Frans Coninx3, Melissa Cravo4, 
Madalina Georgescu5, Katrin Neumann6, Melina 
Willems7)*

(1) Dept of Audiology, Gothenburg University, Sweden
(2)  University of Manchester and Sheffield Teaching Hospitals, 

UK
(3) Institut für Audiopädagogik, Solingen, Germany
(4)  Centro de Educação e Desenvolvimento Jacob Rodrigues 

Pereira, Casa Pia de Lisboa, Portugal
(5)  Carol Davila University of Medicine and Pharmacy, 

Bucharest, Romania
(6)  Dept of Phoniatrics and Pediatric Audiology, Clinic of 

Otorhinolaryngology, Head and Neck Surgery, Ruhr-
University of Bochum, Germany

(7) University College Arteveldehogeschool Ghent, Belgium

Background: Ear and hearing problems are more com-
mon in persons with intellectual disability (ID) than in 
the general population. Prevalence numbers from a cou-
ple of studies range between 10% and 66%, mostly around 
25% (Hild et al. 2008), depending on the etiology of the 
ID; for persons with Down syndrome they range between 
28% and 73%. These problems may add a considerable 
portion to the communication difficulties people with ID 
face in general. Ear and hearing problems in people with 
ID are usually not mentioned by themselves and often not 
known to their caregivers. The EFAS Working Group on 
Audiology and Intellectual Disability wants to advocate 
for this underserved and often undertreated population 
among audiologists and the public.

Abstracts • 9–99
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Material and methods: The Working Group (WG) has 
collected relevant literature on the topic. Furthermore, 
the group has developed a questionnaire and distribut-
ed it among EFAS’ National Representatives in order to 
gather information on the status of screening and follow-
up assessment of ear and hearing problems in persons 
with ID across European countries. Moreover, guidelines 
for timeline of ear and hearing screening in people with 
ID have been developed by the WG and will be present-
ed to the audience.

Results: Audiologists from 22 European countries have 
replied the questionnaire. Its preliminary outcome con-
firms that only in a few countries programs focus on the 
ear and hearing problems of persons with ID. Large-scale 
programs for screenings and regular checkups are lacking 
in most countries. The guidelines, which will be discussed 
with the audience, focus on the implementation of ear and 
hearing screenings and their timelines – depending on 
age, etiology, and other factors – on a European level that 
might be adopted for various national levels.

Conclusions: Ear and hearing problems establish a con-
siderable communicative obstacle for persons with ID and 
call for regular checkups and intervention by audiologists 
and medical professionals.

Hild U, Hey C, Baumann U, Montgomery J, Euler HA, 
Neumann K (2008). High prevalence of hearing disor-
ders at the Special Olympics indicate need to screen per-
sons with intellectual disability. J Intellect Disabil Res 52, 
520-528.

* Funded by EFAS.

Workshop WS05 | Cochrane reviews workshop: 
why should I get involved and what will I need 
to do?

W07

Deborah A Hall

National Institute for Health Research (NIHR), Nottingham 
Hearing Biomedical Research Unit, Nottingham, UK

As a busy clinician, it can be challenging to find reliable 
and up-to-date sources of information to inform your ev-
idence-based practice. Cochrane methods generate the 
most reliable and up-to-date knowledge of what treat-
ments work in health care. Cochrane reviews can there-
fore help in clinical decision making.

This workshop will introduce you to the Cochrane, de-
scribe what resources are available, and explain the steps of 
developing a new systematic review, or updating an exist-
ing review. As this is the last workshop of the day, I‘ll take 
a very informal and interactive style. Please do join me!

13th Congress of the European Federation of Audiology Societies
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Keynote Lecture 01 | Economic impact of hearing 
loss and relation with public health

S01

Speaker: Shelly Chadha, WHO

Chair: Theresa Pitta, Wexford, IR

Hearing loss is a public health issue which often remains 
unnoticed and is commonly disregarded by individuals 
and policymakers. Unaddressed hearing loss has a signif-
icant impact on many aspects of life including language 
development, cognition, communication, education, em-
ployment, psychological wellbeing and social integration. 
Most of these impacts have economic consequences, for 
individuals, governments and the society as a whole. How-
ever, WHO estimates that 60% of childhood hearing loss 
can be prevented through public health measures and 
those who have hearing loss can benefit greatly from ear-
ly identification and appropriate interventions. Evidence 
shows that strategies aimed at prevention of hearing loss 
and screening for early identification are cost effective. 
The use of hearing devices, including hearing aids and 
cochlear implants has a positive impact on quality of life 
and can result in economic benefits to both, the individ-
ual and the society. Understanding the economic costs 
associated with hearing loss as well as the potential costs 
which may be avoided can be powerful pieces of informa-
tion that help policymakers allocate resources. The World 
Health Organization has focussed on hearing loss as a 
public health problem and works with the aim of making 
ear and hearing care accessible to all. Its activities focus 
on advocacy to increase global awareness on this subject 
as well as technical support to national governments and 
partners for planning, implementing and monitoring ear 
and hearing care strategies.

Keynote Lecture 02 | Hearing with light

S02

Speaker: Tobias Moser, Göttingen, DE

Chair: Birger Kollmeier, Oldenburg, DE

When hearing fails, speech comprehension can be restored 
by auditory prostheses. However, sound coding with cur-
rent prostheses, based on electrical stimulation of audito-
ry neurons, has limited frequency resolution due to broad 
current spread. We aim to improve frequency and inten-
sity resolution of cochlear implant coding by establishing 
spatially confined optical stimulation of spiral ganglion 
neurons (SGNs). We have established optogenetic stimu-
lation of the auditory pathway in rodents using virus-me-
diated expression of channelrhodopsins to render SGNs 
light-sensitive. Optogenetic stimulation of spiral ganglion 
neurons activated the auditory pathway, as demonstrated 

KEYNOTE LECTURES AND STRUCTURED SESSIONS

by recordings of single neuron and neuronal population 
responses at various stages of the auditory system. Fast 
opsins enabled SGN firing at physiological rates (hundreds 
per second). We approximated the spatial spread of coch-
lear excitation by recording local field potentials in the in-
ferior colliculus in response to suprathreshold optical and 
electrical stimuli, which suggested a better frequency res-
olution for optogenetic than for electrical stimulation. To-
wards characterizing the percept induced by cochlear op-
togenetics we studied activation of neurons in primary 
auditory cortex and performed a behavioral response in 
virus-injected gerbils. Behavioral thresholds of light am-
plitude were found to be below physiological thresholds 
(<3 mW, close to the threshold of the neurons in audito-
ry cortex) and thresholds of light pulse duration were as 
short as 0.1 ms. This study demonstrates that stimulation 
of channelrhodopsin-expressing spiral ganglion neurons 
with blue light creates both a stable physiological response 
and a robust auditory percept over several weeks. In sum-
mary, optogenetic stimulation of the auditory nerve is fea-
sible and bears substantial potential for future application 
in research and hearing restoration.

Keynote Lecture 03 | Implantable BC aids

S03

Auditory implants for conductive and mixed 
hearing loss; an objective evaluation of their 
capacities and limitations

Speaker: Ad Snik, Nijmegen, NL

Chair: Jan Wouters, Leuven, BE

In the field of technical aural rehabilitation, treatment 
options are expanding caused by, among others, the suc-
cess of cochlear implants (CIs). Through the years, sever-
al different types of auditory implants have been brought 
to the market like middle ear implants, percutaneous bone 
conduction implants, passive and active transcutaneous 
bone conduction implants and devices that directly stim-
ulate the cochlea acoustically. Unfortunately, several in-
troduced devices were not a success, resulting in frustrat-
ed patients and investors.

From published systematic reviews it is concluded that 
results are variable, group size is often small and the evi-
dence level is limited, owing to the study design. Our re-
cent research was aimed at a classification of such auditory 
implants concerning efficacy, for patients with conduc-
tive and mixed hearing loss. We published the data on a 
website; www.snikimplants.nl, developed for profession-
als. This makes the data easily accessible and they can be 
uated if needed.

Next we reviewed published systematic reviews. Most re-
cent systematic reviews concern a specific device without 
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a proper comparison with alternative devices. Further-
more, a common problem when describing audiological 
outcomes is the use of the ‘functional gain’ (unaided ver-
sus aided sound-field thresholds). By its definition, this 
measure is directly related to the width of the air–bone gap. 
The ‘effective gain’ is the better choice (aided thresholds 
minus cochlear thresholds), enabling a direct comparison 
between devices and a comparison with target gain val-
ues as prescribed by e.g. the popular NAL-NL fitting rule.

Manuscripts that were selected by the authors of the re-
cent systematic reviews, presenting audiological outcomes, 
were re-considered; 43 manuscripts could be included, al-
together representing more than 700 patients. The eval-
uation showed that differences in ‘effective gain’ between 
implantable devices was present, however, limited when 
compared to the high variance between implant centres. 
Compared to the NAL prescription rule, in mixed hear-
ing loss cases, the ‘effective gain’ was acceptable at 2 kHz 
(concerning Codacs, the most powerful Baha/Ponto de-
vices and VSB). For conductive hearing loss the spread 
in results was the largest and the measured ‘effective gain’ 
was negative in all cases what indicates that functional-
ly, the air–bone gap was not closed. All devices showed a 
rather steep roll off in ‘effective gain’ at frequencies above 
2 kHz and below 1 kHz.

In conclusion, variance between clinics was too large. Re-
alising that technological achievements in this field are im-
pressive despite the limitations of today’s implantable de-
vices, a pragmatically adapted NAL fitting rule is proposed. 
The aim of introducing this rule is to reduce the differ-
ences between implant centres. Furthermore, it should be 
noted that today’s acoustic implants are not simple equiv-
alents in terms of efficacy. Application areas in terms of 
the maximum allowable sensorineural hearing loss com-
ponent are introduced.

Structured Session 01 | Age-related hearing loss: 
new knowledge for an aging population

S04

Speakers: Paolo Gasparini, Trieste, IT, Marlies Knipper, 
Tübingen, DE, Anna Fetoni, Rome, IT

Chairs: Josef Syka, Prague, CZ, Isabel Varela-Nieto, 
Madrid, ES

Age-related hearing loss, presbycusis, is the most frequent-
ly occurring sensory abnormality associated with aging. 
A steady growth of life expectancy will lead to a rapid 
increase in the number of older people with expressed 
presbycusis. The etiology of presbycusis is multifactorial, 
comprising effects of noise exposure, ototoxic drugs, in-
flammation, and last but not least, genetic factors. Tradi-
tionally presbycusis was described as a complex of patho-
logical changes appearing in the inner ear in the process of 
aging. At present, we understand presbycusis to be a com-
plex of changes occurring in the whole auditory system 
(and in the case of speech perception, in the non-audito-
ry part of the brain as well). Modern genetics have con-
tributed significantly to our understanding of several hear-
ing deficits, and recent genome-wide association studies 

have demonstrated a highly polygenic character of age-re-
lated hearing loss. Age-related pathological vulnerability 
is present in the outer hair cells, inner hair cells and espe-
cially in their ribbon synapses that contact auditory nerve 
fibers, but also in neurons of the central auditory system. 
From a functional point of view, in addition to increased 
hearing thresholds, presbycusis is characterized by a de-
creased quality of the temporal processing of sounds, as 
well as of decreased space hearing. A poorer performance 
in suprathreshold speech understanding, and in the tem-
poral processing of sounds with age, has been previous-
ly linked with progressing inner hair cell synaptopathy, 
which precedes the age-dependent elevation of auditory 
thresholds. The results of many recent studies, show that 
presbycusis is connected with a decrease in the inhibitory 
function of neurons in the central auditory system, com-
bined with defects in the function of neurons containing 
calcium binding proteins. Furthermore, long-term hear-
ing deprivation can impact cognitive performance by de-
creasing the quality of communication, leading to a so-
cial isolation and depression. The aim of this structured 
session, is to inform about contemporary knowledge on 
presbycusis, on the basis of results of animal experiments, 
as well as audiological and psychoacoustical observations, 
along with the results of imaging studies in humans, and 
genetic studies, in both animals and in humans.

Structured Session 02 | Cochlear implants and 
implantable hearing devices in single-sided 
deafness

S05

Speakers: Ona Bø Wie, Oslo, NO, Liat Kishon-Rabin, 
Tel-Aviv, IL, Andrej Kral, Hannover, DE, Griet Mertens, 
Antwerp, BE, Thomas Wesarg, Freiburg, DE, Thomas 
Keintzel, Wels, AT, Stephanie Rühl, München, DE, Mario 
Zernotti, Córdoba, AR

Chairs: Susan Arndt, Freiburg i. Br., DE with 
Rainer Linus Beck Freiburg, DE

Cochlear implantation in unilateral deafness and asymmet-
ric hearing loss is becoming increasingly important as an 
established therapeutic option for auditory rehabilitation 
in adults and children. The round table will provide an in-
terdisciplinary view of single-sided deafness. It addresses 
both the problems caused by unilateral deafness in chil-
dren and adults as well as the physiological and psycho-
logical consequences of single-sided deafness.

In addition, the different therapeutic options and their 
long-term results will be discussed. The particular require-
ments for fitting and speech therapy following treatment 
are also of special interest.

Through this interdisciplinary approach of the round ta-
ble, the therapy of the single-sided deafness as integrated 
therapy is presented with regard to the International Clas-
sification of Functionality (ICF).

13th Congress of the European Federation of Audiology Societies
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Structured Session 03 | Towards optimal cochlear 
implants: A session in honor of Prof. Norbert 
Dillier

S06

Speakers: Martin Kompis, Bern, CH, Norbert Dillier, 
Zürich, CH, George Tavartkiladze, Moscow, RU, Andreas 
Büchner, Hannover, DE, Clemens Zierhofer, Innsbruck, 
AT

Chairs: George Tavartkiladze, Moscow, RU, Martin 
Kompis, Bern, CH

In the past three decades, the importance of cochlear im-
plants, the number of implantations, and the results ob-
tained have all increased. Cochlear implants have made a 
difference in the life of a growing number of users. In the 
last four decades, many scientists have contributed to this 
development. In this structured session in honor of Nor-
bert Dillier, who was undoubtedly one of the pioneers in 
the cochlear implant research, selected areas of research 
to which he has contributed significantly are discussed by 
leading experts in the field.

Objective measures, such as eCAP and eAEP were un-
known in the beginning of cochlear implant era, but mean-
while, have been available for many years and are wide-
ly used in clinical routine, helping to improve the fitting 
process and finally to improve the utility of the cochle-
ar implant systems to the users. Still, there may be more 
benefit for the users, which remains either untapped or 
not widely used.

Advances in coding strategies have contributed signifi-
cantly to the improvement in speech understanding of the 
users in quiet and in noise. Nevertheless, speech under-
standing with cochlear implants does still not reach the 
levels of normal hearing, which might be seen as the ul-
timate aim of any hearing prosthesis. Work on new and 
better coding strategies has lost nothing of its importance. 
Leading experts in the field explain from different points 
of view what has been reached so far, and how future cod-
ing strategies might improve speech understanding in dif-
ferent everyday conditions even further.

S07

Electrically evoked auditory potentials: From 
auditory nerve compound action potential to 
cortical responses

George A. Tavartkiladze, Vigen Bakhshinyan, Marina 
Goykhburg, Tatiana Chugunova

National Research Center forAudiology and Hearing 
Rehabilitation

Background: The objective measures at the different 
stages of cochlear implantation are of the primary im-
portance especially in pediatric population. The neural 
response telemetry (NRT) which is of the primary im-
portance for monitoring of cochlear implant and audito-
ry nerve fibres functioning at the surgery stage and during 

the rehabilitation process does not provide enough infor-
mation about functional integrity of the auditory path-
way higher levels.

Material and methods: 100 patients with cochlear im-
plants were included in the analysis (63 with Cochlear; 
37 with AB). The age of patients varied from 2.7 to 37 
years. NRT/NRI was performed in all patients, the com-
bined registration of the eCAP and eABR (in 10 patients) 
and registration of cortical responses (in 43 patients). For 
combined eCAP and eABR measurements the Volta soft-
ware connected to the Interacoustics ECLIPSE system was 
used. The electrically evoked cortical response registration 
to speech stimuli was performed with HEARLab device 
and the software module for Aided Cortical Assessment.

Results: In recovery function investigation the correlation 
between the auditory nerve refractoriness parameters and 
patients individual stimulation frequency preferences (for 
experienced CI users) was obtained. Spread of excitation 
was significantly narrower in case of perimodiolar elec-
trode placement which could suggest better differentia-
tion (discrimination) with this location. The significant 
decrease of stimulation threshold level was also obtained. 
The combination of eCAP and eABR measures resulted in 
an overall estimate of electrode-to-nerve interface quali-
ty and the ability of each contact to deliver focused stim-
ulation. Relevance of these measures as a tool for objec-
tive prediction of CI programming parameters was then 
evaluated by comparison to speech intelligibility scores (in 
adults) and speech therapist’s reports (in children). Spe-
cial attention was drawn to the dynamics of amplitude/
latency parameters of cortical responses after the switch-
on of the speech processor and 3 and 6 months after first 
fitting. The significant increase of the amplitude and de-
crease in the latency of P1 peak was obtained.

Conclusions: Introduction of different classes of electrical-
ly evoked responses from auditory periphery to auditory 
cortex will provide an objective control of the functional 
integrity of the auditory pathway and the rehabilitation ef-
fectiveness in children after cochlear implantation.

S08

Advances in coding strategies for cochlear 
implants

Clemens Zierhofer1, Reinhold Schatzer2, Michael 
Staudacher1, David Lanthaler1, Michael Kupfner1, Viktor 
Steixner1, Andreas Griessner1

(1) Institute of Mechatronics
(2) MED-EL GmbH Österreich

Background: Stimulation according to the “Continuous 
Interleaved Sampling” (CIS) concept is first of all based 
on the tonotopic principle. Temporal information is re-
duced to the envelope representation of the individual 
stimulation channels.

Material and methods: Stimulation based on “Channel 
Specific Sampling Sequences” (CSSS) represents both en-
velope- and temporal fine structure information. CSSS 
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utilizes high rate biphasic pulses which are triggered by 
zero-crossings of individual stimulation channels and 
weighted with the instantaneous envelopes. In a typical 
setting for a “Fine Structure Processing” (FSP) strategy, 
CSSS channels at lower frequencies (apical electrodes) are 
combined with CIS channels at higher frequencies (basal 
electrodes). For a precise representation of temporal cues 
with stimulation pulses with reasonably long phase dura-
tions, supporting concepts such as simultaneous stimula-
tion in combination with “Channel Interaction Compen-
sation” (CIC) and the n-of-m type “Selected Groups” (SG) 
concept are employed.

Results: Electric-acoustic pitch matching experiments with 
single-sided deaf implant recipients indicate that the tono-
topic representation of information is less pronounced for 
electrodes with an insertion angle greater than about 360 
degrees. However, the poorer tonotopic representation 
in this region can be compensated by adequate low fre-
quency temporal stimulation. On the other hand, low fre-
quency temporal stimulation does not lead to low pitch 
perception, if the electrodes are not inserted sufficient-
ly deep. In many patients with sufficiently deep inserted 
electrodes, switching from CIS to FSP causes a subjective 
pitch shift towards lower frequencies (up to 5 semitones). 
In acute comparisons, speech perception with FSP is on 
a par with standard CIS. However, substantial improve-
ments in speech perception are demonstrated after long-
term experience with FSP.

Conclusions: FSP strategies can in fact improve the hear-
ing performance of cochlear implant users. However, some 
improvements such as an enhanced speech perception 
are not immediate but appear after a comparatively long 
learning phase. Advantageous effects for the perception of 
low-frequency sounds in any case require both sufficient-
ly deeply inserted electrodes and adequately low-frequen-
cy temporal cues.

Structured Session 04 | Brain–computer interface 
and audiology

S09

Speakers: Ed Lalor, New York, US, Søren Fuglsang, 
Copenhagen, DK, Tom Francart, Leuven, BE, Stefan 
Debener, Oldenburg, DE

Chairs: Stefan Debener, Oldenburg, DE, Tom Francart, 
Leuven, BE

People with hearing impairment often have problems un-
derstanding speech in noisy situations. This is due to a de-
graded ability to segregate sound sources. Rehabilitation 
strategies with auditory prostheses involve either assisting 
the auditory system to segregate sources by emphasizing 
the important acoustic cues, or by segregating sources in 
the device using sophisticated signal processing. In this 
session, we will focus on the latter, and in particular their 
interaction with the individual user’s preferences.

Current acoustic signal processing algorithms are well on 
their way to be able to filter out a specific sound source 
of interest from an auditory scene. However, this poses a 

new problem: which of the many sound sources in an au-
ditory scene should be enhanced, i.e., which is the source 
of interest? This information is only available in the user’s 
brain. Therefore new ways are needed to interface with the 
user. This could be a simple as a control on a smartphone, 
or as complex as a system that decodes brain responses re-
corded with EEG to decide with sound source should be 
enhanced. In this session, a number of techniques will be 
discussed to do the latter.

Starting from a new method for unobtrusively recording 
EEG signals (Stefan Debener), which is an important pre-
requisite for practical application of such techniques, stud-
ies will be presented on decoding auditory attention to a 
specific speaker (Søren Fuglsang), decoding the combined 
effect of attention and visual input (Ed Lalor), and com-
bining attention decoding with realistic hearing aid noise 
suppression (Tom Francart).

Structured Session 05 | Spatial listening and new 
developments in hearing aids

S10

Speakers: Michael Akeroyd, Nottingham, UK, Henrik 
Gert Hassager, Kongens Lyngby, DK, Tobias Neher, 
Oldenburg, DE, Michael Stone, Manchester, UK, 
Benjamin Dieudonné, Leuven, BE, Bill Whitmer, 
Glasgow, UK

Chairs: Michael Akeroyd, Nottingham, UK, Jan Wouters, 
Leuven, BE

Accurate spatial hearing is crucial to the perception of the 
auditory world as “real”. However, hearing impairment af-
fects for the worse spatial hearing. A recent comprehen-
sive review (Akeroyd and Whitmer, 2016) demonstrated 
that hearing-impaired listeners have somewhat poorer 
left–right discrimination than normal-hearing listeners, 
although there is considerable variation across listeners 
and experiments. The current data for the effects of hear-
ing aids show that (with the exception of unilateral fitting, 
which is very definitely detrimental), their effects are often 
slightly worse, but certainly not better. There is no hear-
ing aid feature or design that has, so far, unambiguously 
been shown to give a benefit over some alternative. Fur-
ther, hearing-impaired listeners are prone to front–back 
confusions, but current hearing aids do nothing to re-
duce these and sometimes increase them. However, this 
somewhat gloomy conclusion is based on past or current 
hearing aids. Spatial hearing is an important and thriving 
area of hearing aid research, with much exciting happen-
ing now and excellent prospects for new advances in the 
future. This Special Session will give an overview of what 
is known now, report some of the latest developments in 
hearing aids that target spatial hearing, and then conclude 
with the new domains of bimodal listening and conver-
sational listening.
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S11

Binaural effects in speech understanding for 
bimodal cochlear implant listeners

Benjamin Dieudonné, Tom Francart

KU Leuven

Background: Spatial separation of speech and noise can 
improve speech intelligibility, due to the use of interaural 
differences. For normal-hearing listeners, different mech-
anisms are responsible for spatial release from masking. 
Firstly, spatial separation increases the signal-to-noise ra-
tio (SNR) in one ear: the “better ear”. Secondly, listening 
with two ears (instead of the better ear only) yields an extra 
binaural benefit in speech intelligibility: squelch. Mostly, 
squelch is attributed to binaural decorrelation and/or spa-
tial attention (i.e., binaural mechanisms). Spatial attention 
is said to be most important for informational maskers. For 
bimodal cochlear implant listeners, it is not clear which of 
these mechanisms are responsible for spatial release from 
masking. We hypothesize that no binaural mechanisms are 
responsible for spatial release from masking in bimodal lis-
teners. We hypothesize that speech intelligibility in noise is 
merely determined by the signal-to-noise ratios delivered 
by the cochlear implant and the hearing aid.

Material and methods: Bimodal hearing was simulat-
ed with a noise vocoder at one ear, and a low-pass filter 
at the other ear. A Flemish matrix sentence test was used 
to measure speech reception thresholds. We investigat-
ed three different maskers, spectrally matched to target 
speech: speech-weighted noise (SWN), a competing talk-
er and modulated SWN with the same temporal envelope 
as the competing talker. In a first experiment, we meas-
ured spatial release from masking for different spatial set-
ups and compared monaural (cochlear implant only) with 
binaural (bimodal) situations. Spatial hearing was simu-
lated with head-related transfer functions. In a second ex-
periment, we varied the broadband noise level at both ears 
independently to investigate their relative importance in 
speech intelligibility.

Results: Spatial release from masking was mainly deter-
mined by the signal-to-noise ratio at the vocoded (coch-
lear implant) ear; the bimodal benefit was determined by 
the signal-to-noise ratio at the low-pass filtered ear.

Conclusions: Spatial release from masking for bimodal 
listeners was merely determined by monaural signal-to-
noise ratios. As long as interaural time differences remain 
unperceptible for bimodal cochlear implant listeners, it is 
therefore not necessary to take into account binaural mech-
anisms in sound processing strategies to improve speech 
understanding; improving monaural signal-to-noise ra-
tios should be the main objective.

Structured Session 06 | Speech audiometry 
and new developments in electronic-assisted 
audiology

S12

Speakers: Birger Kollmeier, Oldenburg, DE, Aarno 
Dietz, Kuopio, FI, Karen Banai, Haifa, IL, Cas Smits, 
Amsterdam, NL, Stefan Launer, Stäfa, CH

Chairs: Birger Kollmeier, Oldenburg, DE, Josef Attias, 
Petah Tiqva, IL

Closed-set speech recognition tests like the Digit triplet 
test (“one-three-eight”) or the Matrix test (“Peter buys 
ten wet shoes”) are rapidly gaining importance both for 
hearing screening and professional audiological diagnos-
tics. One of their key features is the option to input the 
recognized speech items not by verbally repeating them 
to the test conductor, but by depressing the appropriate 
response alternative in a closed-set response format. This 
makes the tests not only ideal for a multilingual communi-
ty, where the patient can be tested with her/his own native 
language which the test conductor does not understand 
himself, but also makes the tests accessible to smartphone-
based or tele-audiological solutions where the patient can 
perform the tests independently from an instructor. This 
turns the multilingual closed-set speech recognition tests 
into key enabling factors for e-audiology.

This session will therefore start with a review talk by B. 
Kollmeier on the current state of developing and assess-
ing these tests in most major languages (currently, 16 lan-
guages are available for the matrix test format). Innovative 
and accurate, automatic-speech-recognition based predic-
tion methods are meanwhile available that help to perform 
consistency checks of the obtained test results with the 
current prediction derived from the audiogram or other 
available individual test data. To demonstrate a best use 
case of such a test in clinical audiology, A. Dietz will pre-
sent the developments performed with the Finnish version 
of the matrix test and its clinical applications for differ-
ent patient groups. K. Banai will discuss the adaptive de-
termination of accelerated speech recognition as a way to 
assess not only peripheral factors, but also central learn-
ing effects in speech recognition which might be applica-
ble to e-audiology as well. Finally, C. Smits will discuss 
the currently most widely used test for e-audiology, i.e., 
the Digit Triplets Test and its diverse applications ranging 
from hearing screening tests for telephone or internet ap-
plications towards occupational health assessment tools. 
Finally, the future perspectives of e-audiology in the con-
text of the current research, clinical, regulatory and com-
mercial developments will be reviewed and discussed by 
S. Launer (Phonak).

Taken together, the session promises to highlight some of 
the foundations and corner stones of emerging solutions 
for self-paced methods for multilingual speech audiome-
try that promise to become future standards in a rehabil-
itative audiology. Evolving solutions in e-audiology, com-
puter-assisted speech audiometry, and patient-centered 
modern audiometry will be highlighted as well.
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Structured Session 07 | Novel treatment options 
for chronic tinnitus

S13

Speakers: Tobias Kleinjung, Zürich, CH, Pim van Dijk, 
Groningen, NL, Griet Mertens, Antwerp, BE, David 
Baguley, Nottingham, UK, Deborah Hall, Nottingham, 
UK

Chairs: Tobias Kleinjung, Zürich, CH, Deborah Hall, 
Nottingham, UK

Tinnitus is the perception of sound in the absence of a 
corresponding external acoustic stimulus. Many affect-
ed subjects habituate to the phantom sound, but in about 
1% of all people the experience of tinnitus severely im-
pairs their quality of life. These subjects are seeking for 
medical support. This session will reflect novel options 
for tinnitus treatment.

Most widely used treatments for tinnitus involve coun-
selling, and best evidence is available for cognitive be-
havioural therapy (CBT) with or without accompanying 
sound therapy. The broad availability of internet access has 
opened new possibilities of delivering elements of coun-
selling, CBT or sound therapy independent from thera-
peutic institutions and medical specialists.

D. Baguley will highlight the latest achievements of this 
technology. Tinnitus has traditionally been regarded as 
an otological disorder with a majority of tinnitus patients 
demonstrating a certain degree of hearing loss. A special 
subgroup is experiencing annoying tinnitus in combina-
tion with single sided deafness. After careful selection 
restoration of hearing in terms of cochlear implantation 
can reflect an effective treatment modality with a signifi-
cant tinnitus reduction after activation of the implant. G. 
Mertens will report on the 10 years’ Antwerp experience. 
Recent neuroimaging data has advanced our knowledge on 
tinnitus pathophysiology by revealing structural and func-
tional changes of different brain areas. The perception of 
tinnitus is not only related to neuroplastic changes in the 
central auditory pathways. Rather synchronized co-acti-
vation of frontal, limbic, and parietal areas are important 
parameters for the tinnitus-related distress and emotional 
aspects of the tinnitus percept. Furthermore, the extended 
knowledge on the pathophysiological background delivers 
the theoretical framework for new treatment modalities 
for tinnitus. New insights from neuroimaging data will be 
provided by P. van Dijk. Direct modification of neuronal 
activity in terms of invasive and non-invasive neuromod-
ulation may result in changes of tinnitus perception and 
tinnitus distress. Neurofeedback is one of the least inva-
sive techniques of neuromodulation. T. Kleinjung will pre-
sent a new approach called tomographic neurofeedback 
which aims at modulating brain activity focally in terms 
of an EEG analysis technique which allows source locali-
zation of the oscillations related to the auditory cortices. 
Clinical effectiveness of novel treatment approaches for 
tinnitus is judged according to change in primary out-
come measures, but because tinnitus is a subjective con-
dition, the definition of outcomes is challenging and it re-
mains unclear which distinct aspects of tinnitus are most 

relevant for assessment. D. Hall will demonstrate the effort 
of a European research network called “TINNET”. This ac-
tion strives towards better understanding the heterogenei-
ty of tinnitus to improve and develop new treatments and 
is funded by the COST program of the European commu-
nity. This networking project is working towards creating 
an international standard for measuring whether a tinni-
tus treatment has worked.

Structured Session 08 | Tympanometry and 
stapedial reflexes

S14

Tympanometry, stapedial reflexes, and more: 
standard techniques and new applications

Speakers: Stefan Stenfelt, Linkoping, SE, Kai Uus, 
Manchester, UK, Kurt Stephan, Innsbruck, AT, Paulette 
McDonald, Robert Hong, Michigan, US

Chair: Theresa Pitt, Co Wexford, IR

Both tympanometry and stapedial reflex measures are 
fundamental to the practice of clinical Audiology, provid-
ing a wealth of information in a convenient form and in a 
short time. They are useful for the vast majority of inves-
tigations, not just for otitis media with effusion (OME); 
for example, for newborns with likely permanent child-
hood impairment (PCHI) or Auditory Neuropathy Spec-
trum Disorder (ANSD), adults with Alzheimers or Apha-
sia who are unable to describe their auditory symptoms or 
complete audiometry fully, and of course those with ear-
ly stage Otosclerosis.

As scanning techniques have evolved, and fundamental 
changes in some surgical and amplification fitting pro-
cesses have occurred, are we in danger of forgetting the 
potential of swifter and cheaper methods? Do we incor-
porate findings as fully as possible? Using them within a 
surgical context with sedated or anaesthetised Cochlear 
Implant subjects who might otherwise not be able to give 
good information is a good example.

The idea of a more general Test Battery idea will be dis-
cussed as well as looking at some of the more innovative 
approaches which are worth reiterating. Short talks by ex-
perienced clinicians, followed by round table discussion 
and question and answer will be the format.
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Free Paper Session 01| Cochlear implants: 
Fitting and coding strategies

FP01

The effects of sound coder carrier rate 
and modulation bandwidth on voice pitch 
perception in CI users

Damir Kovačić1, Danijel Nejašmić2, Chris James3

(1) Dept of Physics, University of Split
(2) Faculty of Medicine, University of Split
(3) Cochlear France SAS

We employed the dual filter-bank “STEP” coder to sepa-
rately control the spectral and temporal modulation reso-
lution of analysis channels. Previously we compared vowel 
pitch ranking and gender classification with eight subjects 
using enhanced modulation at F0 – including across-chan-
nel synchronised modulation – to the standard clinical 
ACE coder: using standard moderate carrier rates (900 to 
1200 pps/channel) there was no significant improvement 
using modulation enhanced coding versus ACE across 
subjects. Neither poorer nor better performers on either 
task obtained a benefit from enhanced F0 modulation in 
the range 120 to 210 Hz.

In a follow-up experiment we looked at the effect of stim-
ulation rate on voice pitch perception. Since there are large 
inter-subject differences in overall temporal pitch acui-
ty we hypothesized that some performance in some sub-
jects’ may be more greatly influenced by carrier rate than 
in others, or that some subjects may find sound quali-
ty satisfactory with lower carrier rates than those used 
in their clinical processors. We used a version of STEP 
with a very short temporal envelope analysis window of 
2 milliseconds which allows a very low latency real-time 
processing implementation and large maximum modula-
tion bandwidth. Subjects were tested using carrier rates of 
1000, 500, and 250 pps/ch with modulation bandwidths 
controlled via low-pass filtering.

Pilot testing indicated that the new low-latency coder pro-
vides very good sound quality compared to clinical ACE 
using 1000 pps/ch or 500 pps/ch. In addition the modula-
tion bandwidth could be tuned at different carrier rates to 
optimize voice pitch perception based on temporal cues. 
This opens the potential for lower stimulation rates to be 
used in CI sound coding while maintaining optimal tem-
poral resolution.

Acknowledgments: This research was supported by Coch-
lear, and a part of the work by DK was funded by the Eu-
ropean Commission (FP7-CIG-2011-303927).

FREE PAPER SESSIONS

FP02

Comparative evaluation of a partially automated 
CI fitting method with the clinically established 
procedure

Joachim Müller-Deile1, Andreas Büchner2, Norbert 
Dillier3, Alexander Mewes⁴, Wai Kong Lai³, Mark 
Schüssler⁵, Nicole Neben⁶, Friederike Junge⁷, 
Matthias Hey⁴

(1) Audiology consultant
(2) Medizinische Hochschule
(3) University Hospital Zurich and University of Zurich
(4) ENT Clinic, UKSH
(5) Medizinische Hochschule, Hannover
(6) Cochlear GmbH
(7) Cochlear AG

Background: Performance with cochlear implants (CI) 
partly depends on fitting the sound processor parameters 
to the individual needs of the patients. This is time-con-
suming and challenging, especially with children. In an ef-
fort to provide more standardization in CI fitting and to 
enable less experienced audiologists to fit the sound pro-
cessor more efficiently, a new tool was introduced: NFS 
(Nucleus Fitting Software). The method is based on au-
tomatic measurements of an ECAP threshold profile and 
behavioral estimates of the overall loudness and sound 
equalization. This study aimed to evaluate whether NFS 
provides CI recipients with the same hearing performance 
compared to the fitting procedures used in clinical routine.

Material and methods: A prospective, randomized, dou-
ble-blind study was initiated at three CI centers. Two NFS 
modifications, NFS-5 and NFS-22, where either 5 or 22 
postoperatively measured ECAP thresholds were used to 
estimate a threshold profile were compared with the es-
tablished clinical routine procedure. 48 newly unilateral-
ly implanted, postlingually deaf adults were enrolled and 
distributed among six randomization groups. The fitting 
procedures were permuted within each group in an ABCA 
sequence. Seven evaluation sessions over a 15-months pe-
riod per patient allowed at least a 3-month acclimatization 
to the different maps. Hearing performance was assessed 
by questionnaires (SSQ), aided thresholds, and speech in-
telligibility tests in quiet and in noise.

Results: Four participants were excluded from the analy-
sis because of clinic-related protocol deviations. Three pa-
tients left the study prematurely for private reasons and 
in five patients the NFS procedure had to be terminated 
because of clinical complications. The interim results for 
speech intelligibility did not reveal a significant treatment 
effect of the three fitting methods. The NFS-5 method may 
lead in some cases to inferior results.
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Conclusions: For most participants the partially automat-
ed CI fitting method yielded hearing outcomes compara-
ble to the clinically established procedures.

FP03

Evaluation of a strategy-based fitting approach

Anja Kurz1, Griet Mertens2, Paul van de Heyning2, 
Rudolf Hagen1

(1)  Julius-Maximilians-Universitätsklinikum Würzburg| 
Comprehensive Hearing Center

(2)  University Department of Otorhinolaryngology, Head 
and Neck Surgery, Antwerp University Hospital, Antwerp, 
Belgium

Background: A Cochlear Implant (CI) is individually 
adapted using the manufacturers fitting software, in or-
der to provide benefit in sound and speech perception. This 
routinely performed periodic fitting is a time consuming 
process which may take up a significant proportion of the 
relevant staff ’s working time. The major aim of CI centers 
worldwide is to achieve an optimal map efficiently with 
as few fitting sessions as possible. This study aimed to ad-
dress the question how performance with a flat strategy 
based fitting (FSBF) map compares to a traditional single 
channel fitted (SCF) map. In particular, the study explored 
the feasibility, performance and subjective preference of a 
flat strategy based fitting map (FSBF) compared to a tradi-
tional, time consuming, single channel fitted map (SCF).

Material and methods: A cohort of experienced post lin-
gual cochlear implant users was included in this prospec-
tive, acute, randomized multi-center study. Subjects were 
unilaterally implanted with a MED-EL implant using the 
OPUS 2 or SONNET audio processor. Maps were pro-
grammed using three different approaches: 1. FTC (Fine-
tuned clinical map): the map the user had in daily use; 2. 
SCF (Conventional map based on single-channel beeps): 
map created during the study according to the MED-EL 
fitting guideline; 3. FSBF (Strategy-based fitting map): 
Map created by using a live audio signal (ISTS) at 65 dB 
SPL and fitting of all 12 channels simultaneously. Objec-
tive tests assessed the speech perception using the Olden-
burg Matrix Sentence Test (OLSA). The subjective benefit 
was evaluated using a study specific visual analogue scale 
(VAS) scale to rate frequency perception (bass and treble) 
and overall preference.

Results: Preliminary results that speech perception in 
noise with the FSBF map is comparable to understanding 
with the SCF map but worse to FTC map. Spectral bal-
ance with FSBF and SCF maps, as subjectively evaluated, 
appears to be better as with FTC maps for low and for 
high frequencies. The FSBF procedure can be performed 
in consistently less time and was subjectively judged bet-
ter in sound quality than the SCF and FTC maps.

Conclusions: The FSBF approach is time-efficient and 
leads to comparable results in speech perception. First re-
sults show no significant negative effects on sound quality 
when compared to the SCF and FTC maps.

This study was conducted as a multicenter study. Data 
shown were collected at the university clinics in Würz-
burg, Germany and Antwerp, Belgium.

FP04

Remote support for first and follow-up fittings 
of MED-EL cochlear implants

Kelly Schepers¹, Hans-Joachim Steinhoff², Karin Bauer¹, 
Alexander Möltner³, Stefano Morettini⁴, Thomas Stark⁵, 
Rudolf Hagen⁶

(1) CICSüd Würzburg
(2) Technische Universität München, HNO-Klinik
(3) MED-EL GmbH Deutschland
(4) MED-EL GmbH Österreich
(5)  Technische Universität München/Helios Klinikum München 

West
(6) Julius-Maximilians-Universitätsklinikum Würzburg

Tele-health is a broad term for the application of infor-
mation and telecommunication technologies in the de-
livery of health services in cases where users are separat-
ed from healthcare providers by some distance. Cochlear 
implant audiology is fairly specialized, and is therefore of-
ten only available in larger cities or via ‘outreach’ servic-
es, which involve a specialist audiologist travelling to dif-
ferent sites. This can place a real burden (in terms of time 
and expense) on subjects who live in remote or rural lo-
cations, and their families.

MED-EL received the approval for Remote Programming 
within Europe and in countries recognizing the CE mark in 
2009. While prior studies on subjective preference for re-
mote or face-to-face fitting sessions have been performed, 
this study is the first of its kind to provide a prospective 
and controlled assessment of the safety and performance 
of the MED-EL remote programming option in children 
and adults. Remote programming is currently approved 
for any type of fitting session (first fitting and follow-up fit-
ting) in all subjects receiving a MED-EL cochlear implant 
regardless of their age. Accordingly, in this study subjects 
of any age who are bilaterally deaf or bordering on deaf-
ness, receiving or using a MED-EL cochlear implant were 
recruited. This study aimed to compare the outcomes of 
electrophysiological testing, fitting parameters, pure tone 
audiometry and speech intelligibility measures. The sub-
jects were fit via 2 procedures (remote and face-to-face) 
and electrophysiological parameters, pure tone audiometry 
and speech intelligibility outcomes were assessed acutely 
after each session in a standard audiological test setup at 
the study centers. In addition each fitting session was ap-
praised by the remote expert, local host, and the subject 
via an ad hoc designed questionnaire.

Initial data gathered on subjects receiving a follow-up fit-
ting, show a general good acceptance and a positive ap-
praisal of the remote setting by the subjects themselves and 
the professionals involved. Likewise, fitting maps generat-
ed with either setting did not differ significantly and ini-
tial data on the outcomes of the two set-ups on speech in-
telligibility show similar performances for what concern 
subjects receiving follow-up fittings. In addition both the 
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remote and the local fitting could be performed in a sim-
ilar amount of time without experiencing major delays 
or interruptions.

FP05

Home testing of speech recognition for cochlear 
implant patients: A reliable alternative to testing 
in the clinic

Feike de Graaff, Elke Huysmans, Paul Merkus, S. Theo 
Goverts, Cas Smits

VU University Medical Center

Background: The number of CI users, a combination of 
newly implanted and experienced CI recipients, is increas-
ing annually. This results in a higher workload for the coch-
lear implant centres and yields a need for new and inno-
vative ways to provide healthcare. Remote testing could 
be time saving for both the audiologist and the patient. 
We performed a study to validate newly developed remote 
speech recognition tests with experienced adult CI users. 
Currently, a user study is conducted in which newly im-
planted CI users perform remote speech recognition tests 
regularly during the first three months of their intensive 
rehabilitation period.

Material and methods: The standard Dutch speech recog-
nition tests (CVC words in quiet and digits-in-noise) were 
implemented on a tablet and calibrated stimuli were di-
rectly presented to the processor using an audio cable. In 
the validation study, possible differences between stimu-
lus presentation via a loudspeaker and an audio cable and 
possible differences between self-assessment (at home) 
and measurements by a trained clinician (in the clinic) 
were determined. The user study examines the feasibility 
and added value of remote testing in the clinical practice.

Results: The validation study showed no significant differ-
ences between speech recognition scores measured in the 
clinic and at home. No significant difference was found be-
tween speech recognition in quiet measured with a loud-
speaker and with an audio cable. The speech recognition 
scores in noise obtained with the audio cable, were signif-
icantly lower (better) compared to the loudspeaker. The 
results of the user study will be presented in this presen-
tation as well.

Conclusions: Remote speech recognition testing in quiet 
and noise is feasible in adult CI recipients. Home testing 
of speech recognition is a reliable alternative for speech 
recognition testing in the clinic.

FP06

Excitability Controlled Coding (ECC) 
strategy for cochlear implants: A real time 
implementation

Wai Kong Lai1, Norbert Dillier1, Matthijs Killian2

(1) University Hospital of Zurich
(2) Cochlear Technology Center

Background: The Excitability Controlled Coding (ECC) 
strategy for cochlear implants is based on neurophysiolog-
ical properties of neural excitation, and this is now imple-
mented using Matlab/Simulink. ECC’s stimulus selection 
is determined using a model of the excitability state of the 
target neural population, and is expected to produce more 
efficient stimulation as well as less channel interaction. The 
algorithm estimates the refractory behavior of the stimu-
lated neural populations to compute the excitability state 
after the presentation of each stimulus, and uses this ex-
citability state in the selection of the next stimulus. ECC 
also regulates the rate of stimulation on a given channel as 
a function of the corresponding input stimulus intensity.

Material and methods: The ECC algorithm was imple-
mented as a Simulink xPC model, and executed on a 
Speedgoat real-time hardware system with analog (mi-
crophone) input. The output is configured for real-time 
streaming to Nucleus implants using a Cochlear StimGen 
RF encoder hardware. ECC was then compared against an 
ACE implementation on the same hardware system using 
a spectral ripple test as well as adaptive sentences (OLSA) 
in noise. Assessments were made by 4 experienced adult 
CI listeners.

Results: Initial testing comparing ACE vs. ECC show mar-
ginal improvements with ECC for the spectral ripple test as 
well as for OLSA sentences in noise. However, these may 
not be the optimal tests for determining the advantages of 
ECC and further considerations are needed.

Conclusions: ECC is a coding strategy for cochlear im-
plants that attempts to account for the capacity of the neu-
ral interface in transmitting encoded information. Initial 
results are promising, showing marginal improvements 
over the current ACE strategy even without much opti-
mization and training.
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Free Paper Session 02 | Pediatric audiology

FP07

Measuring auditory progress in young children 
with hearing loss: The validity of the Functional 
Listening Index

Robert Cowan1, Aleisha Davis2, Elisabeth Harrison3, 
Yetta Abrahams2

(1) The HEARing CRC
(2) The Shepherd Centre
(3) Macquarie University

Background: Communication outcomes from paediat-
ric cochlear implantation are traditionally evaluated us-
ing measures of speech perception, speech production, 
and receptive/expressive language. Measuring a child’s lis-
tening skills in their real world environments, and their 
ability to couple developing cognitive skill with auditory 
acquisition provides an opportunity to predict later lan-
guage outcomes.

Aim: To investigate validity of the Functional Listening 
Index (FLI) to measure the listening skill development of 
children using cochlear implants and hearing loss.

Material and methods: Auditory progress was tracked for 
over 80 children simultaneously or sequentially implanted 
in a paediatric cochlear implant and spoken language early 
intervention program. Focus was on determining the con-
current, convergent and predictive validity of the FLI, in 
particular with regard to children implanted from 5mths 
of age; with additional needs; from culturally and linguis-
tically diverse backgrounds; who accessed early interven-
tion services <3 mths after diagnosis; as well as cochlear 
implantation cases outside traditional hearing loss levels 
including single sided deafness.

Results: Outcomes continue to be varied for children with 
hearing loss. Listening skills at age 2 of children who re-
ceived cochlear implants by 7 months often surpassed 
children with later age at implant and children with less-
er degrees of hearing loss using hearing aids. Results for 
children with single-sided deafness indicate a range in ac-
quisition of listening skills, often despite language with-
in the normal range. Concurrent validity showed expect-
ed differences between groups using the Mann-Whitney 
U and Mood’s median test for the variables of additional 
needs and early access to intervention. Convergent validi-
ty measures indicated a strong correlation coefficient with 
related measures, however no evidence of a linear relation-
ship with the others. Predictive validity measures show a 
moderate to strong linear relationship between FLI scores 
at 42mths and language scores at 5 years of age, with sim-
ilar results for language scores at 4. Variances in language 
scores were not explained solely by the FLI indicating an 
enhanced predictive model requires other factors to be 
taken into account.

Conclusions: Given the strong convergent, concurrent 
and predictive validity of the FLI, it can be used with 

confidence by clinicians and families across a diverse range 
of client groups considering cochlear implantation.

FP08

Auditory evoked potentials in autistic children 
with normal behavioral thresholds

Branka Mikic

Clinic for ENT and HNS, Clinical Centre of Serbia

Children with autistic spectrum disorder (ASD) are fre-
quently referred for audiology examination because of de-
layed speech–language development. Only a small fraction 
of those children has concomitant peripheral hearing loss, 
while vast majority of them have hearing thresholds with-
in normal limits.

The goal of our study was to analyze the features of audi-
tory brainstem response (ABR) recordings in a group of 
toddlers with ASD and normal hearing thresholds.

A group of 217 young children (aged 1.5–3.5 y) with 
ASD was involved in complete team evaluation because 
of speech delay. Gender ratio was 4: 1 (173 males and 44 
females). ABR examination was a part of test battery. The 
recordings were obtained using following stimuli: click at 
35 and 80 dB as well as 4 kHz tone burst at 40 dB. Over-
all morphology, stability and symmetry of the recordings 
were evaluated, as well as some specific features of ABR in 
this population. Laterality of changes was analyzed as well.

The most prominent feature of ABR recording was ro-
bust wave I which was observed in 143 (66%) of subjects. 
Degradation and instability was present in more than half 
of the children in this study, 114/217 (52.38%). Bilateral 
changes were found in 40/217 (18.37%). Single-sided deg-
radation and/or instability were more often seen in the left 
side (55/217 or 25.17%) and only occasionally in the right 
side (19/217 or 8.84%). Prolonged absolute latency of wave 
V and inter peak latency III–V were frequently observed.

Changes found in the ABR recordings of toddlers with 
ASD and normal hearing could suggest that speech pro-
cessing is frequently affected on brainstem and subcor-
tical levels. Delayed speech in ASD could be related to 
those processes as well. Further functional studies using 
newest imaging techniques are needed in order to explain 
the connection.
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FP09

Attributable and relative risk factors for 
congenital hearing impairment: Maternal age 
and low birth weight of the baby

Rohit Reddy1, Vishnu Vardhan Reddy Martha2, Shobhit 
Piplani3

(1) Jawaharlal Nehru Medical College
(2) Kamineni Academy of Medical Sciences and Research Centre
(3) JNMC

Background: Hearing loss is the most common disabili-
ty and it is observed that in 50% of the cases the cause is 
genetic and in the rest 50% it is due to environmental fac-
tors. Studies carried out by “Selven and Garnikal” suggest-
ed that young mothers (below the age of 20 years) and el-
derly prime (above the age of 35) showed a tendency to 
have an increasing proportion of LBW infants which is a 
risk factor for hearing loss. Low birth weight (LBW) is as-
sociated with long term disabilities like cerebral palsy, au-
tism, mental retardation, visual–hearing impairment and 
other developmental disability. In India consanguineous 
marriages and early marriages are common which also re-
sults in children with congenital hearing impairment and 
congenital anomalies. Studies on influence of maternal 
age and LBW on congenital deafness are meager in India.

Objectives: In the present study we report the influence of 
maternal age and LBW on children with syndromic and 
non-syndromic deafness.

Material and methods: 743 children with hearing impair-
ment were examined at a tertiary hospital in South India. 
Information on age, sex, religion, parents’ occupation, and 
literacy, along with birth history, developmental and fam-
ily history were recorded from the parent or guardian of 
the children using a standard questionnaire. Audiologi-
cal evaluation like otoacoustic emission (OAE), Brainstem 
Evoked Response Audiometry (BERA), and Pure Tone Au-
diometry (PTA) were done to determine the type and de-
gree of hearing loss besides physical and clinical examina-
tion. The age of the mother at delivery and birth weight of 
the children were recorded to correlate with hearing loss.

Results: 743 children with hearing loss, below 14 years 
were analyzed, and 138 (18.7%) were found to have syndro-
mic hearing impairment. Of these 138 cases, 43 (31.16%) 
were found to have gestated during their teenage years, i.e. 
below 19 years, while 9 (6.52%) were found to be elderly 
primi, i.e. above 35 years of age.

Conclusions: Mother’s age during gestation and LBW of 
child at birth are found to be important risk factors in 
the causation of hearing impairment. These risk factors 
can be prevented with good preconception and pre- and 
post-natal care. More studies are needed to further con-
firm this observation,

FP10

(Central) auditory processing disorders in 
children diagnosed with cleft lip palate

Pınar Ertürk¹, Zahra Polat², Ahmet Ataş²

(1) Bezmialem Vakıf Üniversitesi
(2) İstanbul Üniversity

Objectives: The primary objective of this study was to in-
vestigate central auditory processing disorder (CA) in chil-
dren who had been diagnosed with cleft lip palate (CLP). 
It is known that CLP can readily cause middle ear disor-
ders and having middle ear disorders is a risk factor for CA 
in the long term. This study investigated whether having 
middle ear disorders in the early period of life may cause 
auditory processing disorder.

Material and methods: 21 CLP diagnosed children and 20 
children who had normal craniofacial features and normal 
development as a control group were included in the study. 
All participants were between the ages of 8 years and 11 
years 11 months. Patients with CLP who were not oper-
ated on were excluded. For all participants, tympanomet-
ric status, peripheral hearing, and their auditory process-
ing skills with SCAN-C with four subtests were evaluated.

Results: Study and control group tympanometric status, 
peripheral hearing, and central auditory processing were 
assessed and it was found that all of the CLP children also 
had a Type B typanogram in their early life and most of 
them currently had conductive hearing loss (16 out of 
21). The results of SCAN-C assessment showed that the 
CLP group had significantly lower scores than the con-
trol group (p<0.05).

Conclusions: Results show that participants who had CLP 
achieved lower scores than the control group. According 
to these results it is deduced that being exposed to mid-
dle ear disorders in the early term of life may be a risk fac-
tor for having central auditory processing disorder. It may 
be crucial to treat middle ear disorders as soon as possi-
ble before they affect the auditory system.

FP11

Effects of degree of hearing loss and early 
diagnosis and device use on the developmental 
steps in children with prelingual hearing loss

Yusuf Kemaloglu¹, Işıl Oran¹, Melis Keskin Yıldız¹, Çağıl 
Gökdoğan²

(1) Gazi University Faculty of Medicine
(2) Gazi University Faculty of Health Sciences

Background: Early diagnosis of the children with prelin-
gual hearing loss (CPHL) is important for maintenance of 
developmental steps. We previously documented that Gazi 
Early Childhood Assessment Tool (GEÇDA) which has 
been developed for the assessment of developmental steps 
for Turkish children between 1 and 72 months is also prac-
tical tool for evaluation of developmental steps in CPHL: 
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significantly lower language (LD), cognitive (CD) and psy-
chomotor developmental (PMD) scores, but no difference 
in social–emotional development (SED) were found in 
CPHL compared to age- and sex-matched hearing peers.

Aim of this study is to evaluate effects of hearing loss lev-
el (HLL) and ages of diagnosis, the starting age of using 
a hearing device, and special education on developmen-
tal levels.

Material and methods: Sixty-one children (M: 30, F: 31; 
mean age: 40.05±15.97, min: 6, max: 68 months of age) 
with bilateral hearing loss (the better ear was <41 dB) were 
taken to GEÇDA test to detect their developmental stag-
es as normal, lower, and upper groups in PMD, CD, LD, 
and SED areas.

Results: It was observed that 85.24%, 75.41%, 52.46%, and 
49.18% of subjects were in lower groups according to LD, 
CD, SED, and PMD, respectively. All developmental scores 
were positively correlated with durations of hearing device 
use and special education. It was found that late diagnos-
tic and fitting ages (>6 months) increased the number of 
subjects in the lower LD group (72% vs. 94% and 57% vs. 
88%, respectively). HLL was found to be effective only on 
CD; rate of the subjects in lower CD group was significant-
ly higher in severe–very severe HLL group (83% vs. 58%).

Conclusions: These data support that early diagnosis and 
intervention is important to improve developmental steps, 
particularly language and cognition.

FP12

The role of medial superior olivary system on 
adaptive speech intelligibility in children with 
normal hearing

Bünyamin Çildir, Suna Yilmaz

Hacettepe University, Faculty of Health Sciences

Background: Speech stimuli are heard in the presence of 
environmental noise, such as amplitude, frequency, and in-
tensity of speech, which fluctuate in acoustic and/or psy-
choacoustic properties over time. We understand what is 
said by adapting to an extraordinary adaptation to distin-
guish a special speech signal from the background noise. 
The disturbance effects, which distinguish speech from 
speech, depend on speech and noise parameters. In this 
study, it was determined the role of adaptive speech com-
prehension on efferent auditory system in the presence of 
different noise in children with normal hearing function.

Material and methods: Seven subjects aged 13 to 15 years 
with normal hearing were included in this study. The study 
was conducted in the department of audiology, Hacettepe 
University. After the individual audiologic evaluations were 
made, adaptive speech tests (frozen white noise 65 dB SPL 
and ICRA 4 65 dB SPL) and distortion-product autoacous-
tic emission (DPOAE) test (f2=4000 Hz, f1/f2=1.22) and 
the DPOAE test. Suppressor tones were at three frequen-
cies (2828, 4100, 4300 Hz) with 65 dB contralateral nar-
rowband noise were conducted to the children.

Results and conclusions: There was no significant differ-
ence between hearing thresholds and DPOAE amplitudes 
of right and left ear. A statistically significant difference was 
found between right ear DPOAE suppression and adap-
tive speech test (p<0.05). We found out that contralateral 
suppression values were higher when adaptive speech test 
signal/noise ratio was low. There was no statistically signif-
icant difference between the left ear DPOAE suppression 
and adaptive speech tests (p>0.05). This preliminary study 
found evidence of the role of the medial efferent hearing 
system on speech discrimination in noise.

FP13

Assessment of the relationship between family 
functioning, depression levels of parents, and 
child behavior check-list scores of parents and 
teachers with hearing-impaired children

Şebnem Dündar¹, Merve Çinar¹, Selma Yılar², Işık 
Baltacı², Halide Çetin Kara²

(1) Istanbul University Health Science Faculty
(2) Istanbul University Cerrahpasa Medicine Faculty

The aim of the study was to (a) evaluate family function-
ing levels and depression levels of families with hearing 
impaired children and (b) to determine whether there is a 
relationship between parents’ and teachers’ CBCL scores, 
parents’ depression scores, and family functioning levels.

In this study, 50 families with hearing-impaired children 
were included. Validated Turkish versions of Child Behav-
ior Check List for Ages 4–18 (CBCL) were administered 
to parents and teachers. In addition Beck Depression In-
ventory and Family Assessment Device (FAD) were ad-
ministered to parents.

This study was performed to discover if there is a rela-
tionship between family functioning levels, parents’ de-
pression levels, and how parents and teachers rate items 
that describe specific behavioral and emotional problems 
in CBCL.

Free Paper Session 03 |Tinnitus

FP14

Revisiting the interpretation of a clinically 
meaningful treatment-related improvement 
in tinnitus using the Tinnitus Questionnaire 
(German version)

Deborah Hall1, Rajnikant L. Mehta1, Heike Argstatter2

(1)  National Institute for Health Research (NIHR) Nottingham 
Biomedical Research Centre

(2)  Deutsches Zentrum für Musiktherapieforschung (Viktor 
Dulger Institut)

Background: Reporting of clinical significance is wel-
comed because findings can be statistically significant 
without being relevant to patients. There is little informa-
tion on which to base estimates of the minimal clinically 
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important change to aid clinical interpretation. To address 
this question, we conducted a comprehensive analysis of 
retrospective clinical data on the German Tinnitus Ques-
tionnaire (TQ).

Material and methods: We assessed pre- and post-inter-
vention scores for 202 patients receiving Heidelberg Neu-
ro-Music-Therapy. Multiple statistical estimates were tri-
angulated to determine a minimal clinically important 
difference. These took into account not only patients’ ex-
perience of clinical improvement, but also measurement 
reliability.

Results: Six different anchor- and distribution-based meth-
ods estimated the range of minimal clinically important 
difference between 4.6 and 21 points in global TQ change 
score from pre- to post-intervention. The size of the meas-
urement error was conspicuous, as was a systematic bias 
towards a reduction in TQ score even in the absence of 
any noticeable improvement.

Conclusions: We recommend a change of at least 21 
points, especially for interpreting individual patients and in 
the context of non-randomised or unblinded studies when 
patients can select or know which intervention they have 
received. Previous estimates may be too optimistic because 
they have not accounted for measurement error or bias.

FP15

Analysing the correlation between the duration 
and severity of tinnitus and cognitive functions

Gurbet Sahin Kamisli, Songül Aksoy

Hacettepe University, Faculty of Health Sciences

Background: Subjective tinnitus is a phantom sound or 
noise perceived in the ear(s) most often described as “buzz-
ing, ringing, crickets, whistling, humming, static, hissing, 
high pitch tone” which occurs in the absence of a known 
external stimulus. And depression, anxiety, insomnia, au-
ditory perception problems and weakened general and 
mental health problems may accompany tinnitus. It is in-
dicated by many studies that individuals with tinnitus also 
suffer from momentary mental concentration difficulties 
and experience focusing and attention problems. In ad-
dition to selective and divided attention, it is also known 
that the cognitive processing rate decreases and the reac-
tion times on cognitive tasks reduce. In case of coexist-
ence of tinnitus, hearing loss, and cognitive disorders in 
a patient, it becomes very hard to detect the interaction.

The objective of this study is to determine the correlation 
between the duration and the severity of tinnitus and cog-
nitive functions.

Material and methods: A total number of 21 female and 
20 male with chronic (>3 months) subjective tinnitus aged 
between 19 and 75 (49±14.1) were included in this study. 
After the evaluations for audiology and tinnitus were car-
ried out, the participants were subjected to Tinnitus Hand-
icap Inventory (THI) and Montreal Cognitive Assessment 
Test (MoCA). While 16 participants were determined to 

have normal hearing, 25 of the them were determined to 
have mild and slight hearing loss. The THI distribution is: 
level 1: 4, level 2: 5, level 3: 15, level 4: 11, and level 5: 6. 
The MoCA distribution is: 28 individuals normal and 13 
individuals abnormal.

Results: The durations of tinnitus are determined as 6–132 
months (37±31). The localizations of tinnitus are 22 uni-
lateral (10 right, 12 left) and 19 bilateral. THI is deter-
mined in the 6–96 months gap (53.5±23) MoCA score is 
determined in the 11–29 gap (22.3±4.6). Between the se-
verity of MoCA and tinnitus (Pearson correlation 0.311) 
and duration of tinnitus (Spearman correlation –0.251) a 
negative correlation is found.

Conclusions: At the end of the study, it is the determined 
that as tinnitus duration elongates and as its severity in-
creases, cognitive functions deteriorate. And in addition, 
the importance of cognitive evaluation and addition of 
therapy within the therapeutic approaches to tinnitus and 
monitoring by related disciplines have presented itself.

FP16

Prevalence of misophonia and related factors

Gokhan Oz1, Songül Aksoy2, Cengiz Kilic1

(1) Hacettepe University, Faculty of Medicine
(2) Hacettepe University, Faculty of Health Sciences

Background: Misophonia, which is defined as significant 
distress caused by certain soft noises, has recently received 
an increased interest and several new studies have been 
published. Data presented in recent studies suggest that 
misophonia, which has long been known and studied in 
audiology literature, could be classified as a psychiatric 
disorder. There is no epidemiological study examining the 
prevalence and clinical features of misophonia in the gen-
eral population. Although misophonia is known among 
psychology and psychiatry professionals, there is a need 
to learn more on its relationship with age, education, and 
genetic factors. Our aim was to examine the prevalence 
of misophonia, and its relationship with clinical and so-
ciodemographic variables. We also wanted to find out if 
misophonia is best described as a psychiatric disorder, us-
ing an interview we developed for this purpose.

Material and methods: We used a random household sam-
ple (N=543) of all people over 15 living in 350 homes in 
Ankara city center. All participants were assessed for soci-
odemographic variables, sounds that they find distressing, 
and clinical factors that could be related to misophonia. 
They were given questionnaires to assess obsessive com-
pulsive disorder, depression, obsessive compulsive person-
ality disorder, and autistic traits.

Results: Number of people reporting a significant level of 
distress relating to at least one noise was 77.9% (425 peo-
ple out of 543). Number of distressing noises and level of 
distress for each noise was higher in women than men. 
Misophonia total score was higher in women, as well as in 
younger and more educated participants. The total scores 
of all clinical scales used in the study positively predicted 
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misophonia total score. Based on the criteria we devel-
oped for this study, rate of misophonia diagnosis was 7.7% 
(42 people).

Conclusions: Both misophonia diagnosis and misophon-
ic symptoms are common in the general population. The 
clinical presentation of misophonia in men and women dif-
fers significantly. The clinical and demographic character-
istics of the misophonia category, based on our proposed 
criteria, support the suggestion that misophonia should 
be classified as a distinct psychiatric disorder.

FP17

Predictive factors for the severity of tinnitus

Elçin Orçan, Yusuf Kemal Kemaloğlu

Gazi University Faculty of Medicine

Background: Tinnitus, an auditory stimulation sound that 
can be heard in ears or head without any external stimu-
lation, is one of the most prevalent audiological–neuro-
audiological symptoms. Age, hearing loss, noise, sex, life 
conditions, and stress affect its prevalance; personality 
and socio-economic characteristics are also factors in the 
annoyance of tinnitus. Hence, but the questionnaires in-
vestigating psychosomatic perception of tinnitus and tin-
nitus measurement parameters (tinnitus frequency and 
loudness, minimal masking level, and residual inhibition) 
help evaluation and rehabilitation of tinnitus subjects. This 
study aims to investigate the relationships between these 
parameters and identify factors associated with the sever-
ity of tinnitus.

Material and methods: A total of 99 tinnitus patients and 
70 normal cases were included in the study. In this study, 
whole cases filled-in the questionnaires (demographic and 
clinical information, Tinnitus Handicap Inventory (THI), 
Beck Depression Inventory (BDI), and Short Form-36 (SF-
36)) and they were taken under the audiologic evaluations 
(pure tone average, speech audiometry scores, loudness 
matching, pitch matching, minimal masking level (MML), 
and residual inhibition).

Results: At the end of the study, MML was found to be cor-
related with pure tone average, speech audiometry scores, 
loudness of tinnitus, tinnitus duration, THI, BDI, and SF-
36. Particularly, in the subjects with noise-induced hear-
ing loss, it was documented that residual inhibition rate 
was lower and decrease in residual inhibition was also 
found to be associated with tinnitus loudness. Tinnitus 
frequency, loudness, hearing level, noise exposure, pres-
ence of balance problems, and work stress were found to 
be associated factors affecting perception and complaints 
about tinnitus. Clear tinnitus-related sleep problems were 
also observed. According to THI scores, physical functions 
were found to be affected more than emotional functions.

Conclusions: This study determined that depression and 
anxiety were seen in tinnitus patients much more than 
normal cases and tinnitus patients’ quality of life param-
eters were affected badly. In addition, there were appar-
ent relationships among tinnitus measurement parameters 

and epidemiological, clinical, audiological, and physico-
somatic parameters.

FP18

Tinnitus management in Australia: audiologists’ 
perspective

Alicja Malicka, Wayne Wilson

The University of Queensland

Tinnitus, defined as a conscious perception of sound in the 
absence of external sound source, affects about 10–15% 
of general population. The heterogeneity of tinnitus and 
lack of consensus over how it should be managed has led 
to significant variations in the clinical services offered to 
manage this challenging condition. In Australia, the pro-
fession most involved in tinnitus assessment and rehabil-
itation is audiology. The present study explored the views 
and practices of Australian audiologists with respect to 
tinnitus management.

The 36-item questionnaire developed by Hoare et al., 
(2010) to survey clinicians in the UK was modified to 
survey audiologists in Australia. This modified question-
naire was distributed to audiologists attending the World 
Congress of Audiology held in May, 2014 in Brisbane, Aus-
tralia. The modified questionnaire consisted of two parts. 
Part one (11 questions) was addressed to all audiologist and 
asked about their practice and the resources, training and 
support available to them for managing tinnitus. Part two 
(18 questions) was addressed only to audiologists provid-
ing tinnitus services and asked about tinnitus assessment 
and treatment, outcome measures and referral pathways.

A total of 162 respondents completed part one of the sur-
vey with 117 going on to complete part two of the survey. 
A majority of participants reported not having specialist 
training in tinnitus management nor access to specialist 
resources to provide tinnitus rehabilitation. Of the 117 
participants who were actively providing tinnitus services 
(who completed part two of the survey), 79 provided ser-
vices for clients whose primary concern was tinnitus, 108 
adjusted hearing aid settings when fitting clients with tin-
nitus, and 108 modified rehabilitation plans when provid-
ing auditory rehabilitation to clients who also had tinnitus. 
The most popular treatment options offered by these 117 
respondents to clients reporting tinnitus were: hearing aids 
(96.4%), directive counselling (85%), and sound generators 
(59%). Tinnitus Retraining Therapy (33%), and Cognitive 
Behavioural Therapies (7%) were offered less frequently.

A majority of surveyed audiologists in Australia reported 
providing services for clients with tinnitus. The services 
provided varied between clinicians and were tailored to in-
dividual clients rather than being standardised across clin-
ics. The need for further training in tinnitus and its man-
agement was expressed by the majority of respondents.
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FP19

Study of contralateral otoacoustic emissions 
suppression in tinnitus patients

Madalina Georgescu

“Carol Davila”, University of Medicine and Pharmacy

Background: Tinnitus is the most frequency disturbance 
of the auditory system – almost 17% of West Europe’s pop-
ulation and 33% of the elderly present tinitus.

Aim: The aim of this paper is to study the role of the ef-
ferent auditory system in tinnitus appearance. For this, 
suppression of otoacoustic emissions with contralateral 
acoustic stimulation is measured, as value of functioning 
of the medial olivocochlear bundle.

Material and methods: We made a prospective compar-
ative study on 20 normal hearing and no tinnitus sub-
jects and 15 age and gender matched patients with nor-
mal hearing and tinnitus. TEOAE and distorsion product 
DP OAE otoacoustic emissions were measured in all sub-
jects. Click stimulus at 80dB SPL was used for TE OAE 
and inner ear response in 1–6kHz domain was measured. 
For DP OAE we used two frequencies f2/f1=1.22, with 
constant intensities at 65 and 55 dB SPL respectively and 
2f1–f2 DP in 0.5–8kHz domain was measured. In all sub-
jects, suppression of otoacoustic emission with contralat-
eral acoustic stimulation (65 dB click stimulus with con-
tralateral broadband noise at 70 dB SPL) was measured 
in 1–4kHz frequency domain.

Results: Both TE OAE and DP OAE were present in all 
tested persons, regardless presence, or absence of tinnitus. 
It was a difference in DP OAE amplitude between control 
(20 dB SPL) and patients group (15 dB SPL), but without 
statistical significance (p=8.23). Considering the litera-
ture, contralateral suppression test had normal values in 
the control group (diminishing with 3–3.5 dB SPL) and 
pathological values (1.1–1.8 dB SPL) in tinnitus patients.

Conclusions: Suppression of otoacoustic emissions with 
contralateral acoustic stimulus in tinnitus patients func-
tions less, but without significant difference compared with 
control group (p=2.21).

FP20

Bibliotherapy as a therapeutic strategy for 
enhancing the quality of life in patients with 
tinnitus

Vasco Oliveira1, Rute Meneses2, Nuno Trigueiros-Cunha3

(1) Hospital das Forças Armadas – Pólo do Porto
(2) Universidade Fernando Pessoa – Porto
(3) Hospital Pedro Hispano

Background: There are several approaches to intervention 
in individuals with tinnitus, and the benefits gained are 
little obvious, which may be due to the great heterogene-
ity of tinnitus and the great difficulty in the therapeutic 

approach. The approaches to the psychological aspects tend 
to be carried out through cognitive–behavioral strategies, 
relying sometimes on small books or manuals, which sev-
eral authors consider indispensable to the success of ther-
apeutic procedures.

The objectives of this study were: a) develop a manual with 
information on tinnitus and strategies to deal with them 
and b) evaluate their effectiveness to decrease depression 
and anxiety, and promote self-efficacy, coping, optimism, 
spirituality, satisfaction with social support, and quality of 
life (QOL) of patients with tinnitus complaints.

Material and methods: For this purpose, two groups were 
built: the intervention group (IG: N=27), which, in addi-
tion to usual care provided at the Military Hospital of Por-
to (Portugal), was also provided with the previously devel-
oped manual and the respective instructions for use, and 
the comparison group (CG: N=31) who received only the 
usual care. The pre- and post-intervention assessments 
were conducted using questionnaires.

Results: The values obtained in relation to the percep-
tion of the manual’s utility (M=5.81) are moderate such 
as those found in the literature. The low education level of 
the sample can be one of the aspects that explain this re-
sult. Additionally, the individuals of the IG showed a de-
crease in the intensity of tinnitus, improvement of QOL, 
and self-efficacy as well as a slight improvement in opti-
mism, and some decrease in anxiety and depression, com-
pared to CG individuals.

Conclusions: It will be useful to perform further studies 
to realize and improve the perceived usefulness and ef-
fectiveness of these types of intervention also with other 
samples, for example, with individuals with hearing loss 
and hyperacusis.

Free Paper Session 04 | Hearing aids

FP21

Binaural hearing benefit with interaural 
asymmetrical processing delays in participants 
with normal hearing

Stefan Stenfelt

Linköping University

Background: The benefit of listening with two ears com-
pared to listening with only one include improved abil-
ity to localize sound sources, spatial perception, spatial 
release from masking, and relies on time and level differ-
ences at the two ears. Consequently, if the timing and/or 
the magnitude cues of the sound at the two ears are dis-
rupted, for example by interaural differences in hearing 
aid processing or different types of hearing rehabilitation 
devices at the two ears, the benefit of binaural hearing is 
hypothesized to decrease. This hypothesis was tested ears 
on speech perception in noise by introducing unequal time 
delays at the two ears.
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Material and methods: Seventeen participants with nor-
mal air and bone conduction hearing thresholds partici-
pated. Tests of binaural speech processing in noise, spatial 
release from masking (SRM) and binaural intelligibility 
level difference (BILD), were used to estimate the influ-
ence of adding a time delay of 0, 1, 2, and 4 ms to one ear.

Results: The SRM had values between 7.9 and 8.2 dB and 
for the BILD the benefit were between 6.4 and 6.7 dB. The 
BILD results were relatively independent whether it was 
the speech or noise signal that was inverted. Neither test 
showed any effect of interaural time delay.

Conclusions: The results show that spatial release from 
masking is independent of an asymmetric time delay of 
up to 4 ms at one ear. This indicates that for speech per-
ception in noise, different time delays at the two ears is 
not detrimental and different types of hearing rehabilita-
tion devices does not impair speech perception in noise.

FP22

Hearing aid noise reduction: Opening the black 
box

Helen Connor

GN Hearing

Background: One of the most common complaints with 
hearing aids is “my hearing aids are too noisy”. In an at-
tempt to improve listening comfort and speech intelligibil-
ity in background noise, most modern hearing aids offer 
single-microphone digital noise reduction (DNR) algo-
rithms. Previous studies have found mixed results in terms 
of improvement in listener comfort and speech intelligi-
bility. Therefore, it can be quite difficult for the hearing 
aid dispenser to determine if DNR will be helpful, harm-
ful or neutral for the hearing aid user. Part of the problem 
for dispensers is that most hearing aid manufacturers pro-
vide DNR without specifying how it works.

Material and methods: The current study investigated 
the regulation speed of hearing aid DNR when applied to 
speech in noise. Recordings of the output of five premi-
um hearing aids were made in the coupler in an acoustic 
test chamber. The signals were i) stationary speech-shaped 
noise, and ii) running speech combined with stationary 
noise at a positive signal-to-noise ratio. The output of 
the hearing aids was recorded with the DNR off and the 
strongest setting available.

Results: Measurements showed that for stationary noise, 
the different DNR algorithms had quite different attack 
times varying from less than 5 seconds to up to nearly 30 
seconds. For speech in noise the DNR regulation speed 
had an influence on how much gain reduction was ap-
plied during the pauses in speech for the speech-in-noise 
signal. This can be observed qualitatively by visually com-
paring the time waveforms at the hearing aid output for 
DNR on and off. In order to quantify this effect the var-
iation in short-term gain reduction across time was cal-
culated. The fastest-acting DNR algorithms vary the gain 
the most for a speech-in-noise signal. This seems to have 

an influence on the degree of modulation in the output 
signal, which may in turn have an influence on the intel-
ligibility for speech.

Conclusions: Along with previous studies this study high-
lights the need to have a standardized benchmarking pro-
cedure to describe i) the regulation speed of DNR process-
ing, as well as ii) the effect of noise reduction for realistic 
signals, such as speech combined with noise.

FP23

Clinical assessment of remote fitting of 
hearing aids: A randomized controlled blinded 
multicenter cross-over trial

Frederic Venail¹, Maxime Balcon², Denis Blanc³, Jérémy 
Bricaud³, Antoine Lorenzi², Jacques Samson⁴, Marie 
Christine Picot⁵, Jean Charles Ceccato⁶, Jean Luc Puel⁷

(1) University Hospital of Montpellier
(2) Alliance Audition
(3) Audition Conseil
(4) AudioPro Connect
(5) CHU Montpellier
(6) University of Montpellier
(7) Institute for Neurosciences of Montpellier

Background: Development of the Internet and web-based 
solutions opened the field of teleaudiology. Therefore, re-
mote procedures, such as telefitting of hearing aids can be 
proposed to patients with limited access to medical care. 
Even if this procedure is currently used in several coun-
tries, studies published so far focused on feasibility and 
technical aspects, but almost none of them evaluated the 
impact of the remote procedure on the quality of the fitting.

Hypothesis: The study aims at demonstrating that a re-
mote procedure of fitting of hearing aids allows to achieve 
speech perception in quiet and noisy environment simi-
lar to on-site procedure. We also compared the duration 
of fitting using both methods as well as real ear insertion 
gain (REIG).

Material and methods: We designed a randomized con-
trolled blinded multicenter cross-over trial. Sixty experi-
enced hearing aid users were enrolled and benefited from 
on-site and remote fitting during the first visit. Duration 
of fitting and REIGs were calculated. Then they were as-
signed randomly to one group and were discharged with 
either the remote or the on-site fitting, in a blinded man-
ner. Then, they were evaluated for speech perception (PBK 
test free field 60 dB) in noise and in quiet (SNR +10 dB) 4 
weeks after discharge, and then were fitting with the alter-
native method (on-site/remote, or remote/on-site). Four 
weeks after the second fitting, subjects were evaluated us-
ing the same battery of tests.

Results: Fifty-three subjects were analyzed. We found no 
difference in speech understanding in quiet (intra class cor-
relation ICC of 0.92 (95% CI: 0.87–0.95)), or in noise (ICC 
score of 0.71 (95% CI: 0.55–0.82)) after on-site and remote 
fitting. The time required to perform the on-site fitting 
was 10.08 min (±2.97), and 10.06 min (±2.81) (p=0.385). 
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REIGs were highly correlated for input sound at 50, 65, 
and 80 dB.

Conclusions: Remote fitting of hearing aids makes it pos-
sible to achieve similar auditory improvement to on-site 
fitting with no increase in time spent on patients’ care.

FP24

Hearing aid satisfaction and speech 
intelligibility after hearing aid use in 
elderly individuals with mild and moderate 
sensorineural hearing loss

Bünyamin Çildir, Meral Didem Turkyilmaz

Hacettepe University, Faculty of Health Sciences

Background: Communication is an indispensable tool of 
everyday life. One of the most common causes of com-
munication disorders in elderly people is hearing loss. In 
such hearing loss, the communication is also restricted, 
depending on the type, degree and configuration of the 
hearing loss, but the most prominent problem is a reduc-
tion in the speech intelligibilit in noisy settings. Along with 
aging, communication skills begin to be lost due to hear-
ing loss. Hearing loss leads not only to auditory problems 
in daily life, but also to additional non-auditory problems. 
The performance of hearing aids is an important determi-
nant of the quality of life. In evaluating the performance 
expected from hearing aids, individual evaluations are 
made by giving questionnaires besides objective tests. The 
purpose of this study was to determine their quality of life 
and the speech intelligibility performance of elderly peo-
ple using hearing aids.

Material and methods: In this study, 29 subjects (19 males, 
10 females) with a mean age of 60.52±15.94 were included. 
The individual hearing thresholds with hearing aids (500, 
1000, 2000 Hz) were at <25 dB HL (ASHA) (up to 60 dB 
for high frequency losses). The subjects were evaluated be-
fore and after using hearing aids. For two evaluation sec-
tions, the Turkish Matrix Test and the APHAP hearing aid 
satisfaction questionnaire was conducted.

Results and conclusions: Among the individuals, 
speech intelligibility performance with hearing aids was 
48.7±14.0%, and speech intelligibility performance before 
using hearing aids was 37.28±16.9%. There was no statisti-
cally significant difference between individuals with hear-
ing aids and speech intelligibility without hearing aids ac-
cording to age and sex (p>0.05). However, a statistically 
significant difference was found between hearing instru-
ment satisfaction scores and speech intelligibility scores 
for pre and post hearing aid usage (p>0.05). These results 
demonstrated the benefits of hearing aid in individuals’ 
daily life qualities and communication skills.

FP25

Severe to profound hearing loss and frequency 
lowering

Bernadette Fulton1, Hans Mülder2, Simone Ebbing3, Timo 
Boeld3

(1) Phonak Communications
(2) Phonak Communications Murten Switzerland
(3) Phonak

Background: The objective of this study was to compare 
the benefit of adaptive frequency lowering with a static 
frequency lowering algorithm and minimum cut off fre-
quency of 1.5 kHz, in behind-the-ear hearing aids (BTEs) 
for adults with severe-to-profound high frequency hear-
ing loss.

Material and methods: Twenty-seven adults participat-
ed in the study. All had severe-to-profound hearing loss. 
The average audiograms for all participants indicate mod-
erate sloping to profound hearing loss which is essential-
ly symmetrical.

The study design included single blinded, objective test-
ing of aided thresholds (ATs) and the Phoneme Percep-
tion Test (PPT). In addition participants wore hearing aids 
with frequency lowering at home, during the whole of the 
test period and between test sessions. The results were an-
alyzed using an analysis of variance (ANOVA) with re-
peated measures.

Results: The results for participants with 6F AHL >90 
dBHL confirm improved high frequency hearing thresh-
olds (2 kHz to 8 kHz) for the adaptive algorithm compared 
to static frequency lowering. The improvement in that fre-
quency range is in the order of 10 to 20 dB. At the same 
time the aided thresholds for low and mid frequency war-
ble tones (250 Hz to 1 kHz) are unchanged.

For those with 6F AHL >90 dBHL the Detection Test sub-
test of the Phoneme Perception test, showed better detec-
tion thresholds at a statistically significant level for sh5 and 
s6 (p<0.001) and for s9 (p=0.01) for the adaptive algorithm 
compared to the static one. The reduction in the detection 
threshold was in the order of 10 to 20 dB.

The Recognition subtest of the Phoneme Perception Test 
indicated a better recognition threshold for Ascha5 for 
adaptive frequency lowering, again, only for those with 
6F AHL >90 dBHL. The recognition threshold for Asha5 
was lower at a statistically significantly level for Soun-
dRecover2 (p<0.001).

Conclusions: This study results show that an adaptive fre-
quency lowering algorithm with a cut-off frequency lower 
than 1.5 kHz improves the detection and recognition of 
voiceless high frequency phonemes for adults with severe 
to profound hearing loss. In particular, those with severe 
to profound hearing loss and audiograms that resulted in 
a more restricted audible bandwidth in which frequency 
compression could be applied.
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The impact of educational level and age on a 
new adaptive version of the “Reading Span Test”

Mark Laureyns1, Ellen Brants2, Filip Vanpoucke2

(1) Amplifon Centre for Research and Studies
(2) Thomas More University College

Background: The link between cognition and hearing has 
become a very interesting topic throughout research and 
in professional hearing care. It is well known that working 
memory and processing speed decline in the older popula-
tion. Working memory is one of the aspects of the memo-
ry that correlates the most with understanding speech in 
difficult situations and that impacts the selection of sig-
nal processing in hearing aids. (Gatehouse 2006, Lunner 
2003 and Souza 2014). The Daneman Carpenter Reading 
Span Test can be used to measure working memory. This 
test however takes a lot of time and is not very friendly to 
use. We created a similar test that is more time-efficient 
and gives us a clear view on the clients working memory. 
In previous research the Thomas More Reading Span Test 
was developed. In this part if the research we evaluated if 
age or educational level would influence the test results.

Material and methods: We evaluated 60 subjects divid-
ed in 4 groups. We had two groups of younger subjects 
(18–30 years), one group with a lower educational level and 
one group with a higher educational level). We have two 
groups of older subjects (50–70 years) also one with high-
er and one with higher educational level. All performed 
the adaptive reading span test and filled out a question-
naire evaluating auditory performance.

Results: Educational level had a significant impact on 
the test results, while age did not. Older subjects are very 
emotionally sensitive to learn more about their working 
memory memory, so the hearing care professional needs 
to bring this information in a very tactful way.

Discussion: The impact of educational level on reading 
span results was also found in a study by Boudreaux (2015) 
and Murphy et al (2016). In the latter study, the relation 
between educational level and speech understanding in 
noise was also found. Anderson (2013) et al. demonstrate 
that a dynamic auditory–cognitive system is essential to 
understand in noise and audibility has significantly less 
impact compared to cognition, central auditory process-
ing, and life experience.

The absence of an age effect is likely due to the fact that 
we tested younger seniors in comparison with other simi-
lar research projects or could be explained by the fact that 
we controlled for educational level. Therefore we recom-
mend to control for educational level in future audiolo-
gy research.

FP27

Comparing remote wireless microphone 
technology and hearing aids in a workplace 
meeting

Anna Lejon1, Gené Zwarts2, Elmé Selesho2, Hans Mülder3

(1) Phonak Halmstad
(2) The Ear Institute Pretoria
(3) Phonak Communications AG

Background: When seated at a conference table, a lis-
tener must be able to follow meeting proceedings from a 
fixed point in a room. This is a demanding listening sit-
uation for participants with hearing loss. This study ex-
amined whether remote microphone system (Roger Ta-
ble mic) would result in improved speech intelligibility for 
hearing impaired participants at various positions around 
a conference table.

Material and methods: 18 participants with moderate 
to profound hearing loss participated in the study. All 
participants wore binaural hearing aids combined with 
Roger wireless receivers. Using the Hearing in Noise Test 
(HINT) sentences were presented at a fixed level of 65 
dB SPL with background noise presented from multi-
ple speakers around the room. The noise level was varied 
such that the SNR for 50% correct speech intelligibility 
was achieved. This measurement was completed at posi-
tions around the table which varied from 1.5 to 4.5 m dis-
tant from the listener.

Results: The results indicate that the remote microphone 
outperformed the hearing aid microphones alone for all 
test conditions. The further away the participant was seat-
ed from the speech source the bigger improvement. Com-
pared to hearing aids alone, an average improvement of 
33% was measured at a distance of 3 m and 47% at 4.5 
m. All participants reported that they were very satisfied 
with the performance of the remote microphone technol-
ogy for speech understanding around a conference table.

Free Paper Session 05 | Vestibular disorders, 
diagnosis and therapy

FP28

Communication and motor functioning 
in subjects with mild Alzheimer’s disease: 
A preliminary study

Mine Baydan, Songül Aksoy, Hatice Çalışkan, Burcu 
Balam Yavuz

Hacettepe University

Background: Alzheimer’s Disease (AD) is a type of de-
mentia that causes problems with memory, thinking and 
behavior. It causes decline in cognitive function, impair-
ment in activities of daily living, and is associated with sig-
nificant behavioural and psychological symptoms among 
the persons affected. Cognitive impairments limit the neu-
rological ability needed to perform deliberate movements 
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and impair the body’s response to everyday situations. De-
mentia is known to be an independent risk factor for falls 
with around 60% of people with cognitive impairment fall-
ing each year, at a rate of between 2 and 8 times that of 
their cognitively intact counterparts.

Material and methods: The present study aimed to exam-
ine the communication and motor functioning in subjects 
with mild Alzheimer’s disease. Therefore, 23 subjects, be-
tween 65 to 88 years, referred from geriatrics department 
were examined. 18 of these subjects who diagnosed with 
mild Alzheimer’s disease based on MoCA scores were in-
cluded in the study. One patient has excluded because of 
middle ear pathology. After otoscopic and tympanome-
try impedance tests, pure-tone audiometry and was per-
formed using supra-aural earphones. Therefore, speech 
recognition thresholds and speech discrimination scores 
were determined. Each subject completed Hearing Handi-
cap Inventory to establish there is a communication prob-
lem or not. The sensory organization test (SOT) results, 
balance scores, and sensory analysis and strategy analy-
sis results were evaluated by using computerized dynam-
ic posturography.

Results: The mean age of a total of 18 individuals (12 fe-
male and 6 male) was 78.3±4.69 (range 65 to 88 years). The 
audiometric test findings suggest that age related hearing 
loss (presbyacusis). Hearing Handicap Inventory results 
of 6 (33.3%) have mild–moderate communication prob-
lems. Of all individuals evaluated, the SOT results of 16 
(88.88%) were found to be abnormal.

Conclusions: Visual–vestibular and vestibular weakness 
was found to be frequent among elderly people with cog-
nitive problems. This is an important result in terms of fall 
prevention, vestibular and balance rehabilitation.

FP29

Effects of cycling on vestibular system in 
cochlear implant users

Nizamettin Burak AVCI¹, Esra Eren¹, Erdem Kaplan², 
Ceyda Kanak¹, Didem Sahin Ceylan¹, Haydar Murat 
Yener¹, Ahmet Atas¹

(1) Istanbul University
(2) Oticon SA

Background: The aim of this study was to observe the ef-
fects of cycling on vestibular system of cochlear implant-
ed children with congenital hearing loss.

Material and methods: 18 implanted children (7 M and 11 
F, average age 8.2, S.D: 1.2 years) were observed and eval-
uated. All of the participants attended the cycling train-
ing in multiple sessions. Before and after the cycling train-
ings conducted by the implanted children; vHIT(video 
Head Impulse Test) and CDP (Computerized Dynamic 
Posturography) with its subtests namely, i) SOT (Sensory 
Organisation Test), ii) LOS (Limits of Stability), iii) RWS 
(Rythmic Weight Shift) were performed.

Results: There were significant differences between the re-
sults of asymmetry scores in vHIT, equilibrium and com-
posite scores in SOT, end-point execution parameter (EPE) 
in LOS and front/back parameter of directional control at 
different trials (slow and fast) in RWS (p<0.05).

Conclusions: Our findings supported that cycling train-
ing may help improving the vestibular systems. There-
fore, we evaluate that it is valuable and useful method for 
vestibular rehabilitation. We consider that using cycling 
training during the vestibular rehabilitation is an inter-
esting and entertaining method for cochlear implanted 
children. Additionally, cycling training gives an opportu-
nity to cochlear implanted children to increase sporting 
activity and it supports social life of these children, so we 
thought that it is a beneficial tool in every aspects. Con-
sidering all of these, our study is milestone for children’s 
vestibular rehabilitation.

FP30

Balance control after cochlear implant surgery

Kourosh Roushan¹, Christof Stieger¹, Flurin Honegger¹, 
Xenia Siemens², Daniel Bodmer¹, John Allum¹

(1) Universitätsspital Basel
(2) Berner Fachhochschule

Background: After cochlear implantation (CI) some pa-
tients have vertigo symptoms and/or show deficits in ves-
tibulo–ocular tests such as caloric and rotating chair tests, 
as well as posturography tests (Buchman et al., 2004). The 
effect of CI surgery on balance control with dynamic stance 
and gait tests has not been evaluated yet.

Material and methods: In this retrospective cohort study 
the balance control of 30 CI patients having their first uni-
lateral CI surgery were measured pre and postoperatively. 
Measurements were taken during 14 different stance and 
gait tests using a SwayStar (tm) posturography system be-
tween 2009 and 2016, resulting in a set of 75 paired varia-
bles, e.g. roll angle standing on foam with closed eyes. The 
mean age of the patients at surgery was 58 years (range 
18–82 years). Patients with a second bilateral implant or 
reimplantation of the CI and/or cerebellar pontine angle 
tumor(s) were excluded.

Results: Significant changes between pre and postopera-
tive evaluation have been found in 7 variables (Wilcoxon 
paired tests). Young people (<60 years of age) had a sig-
nificant worsening of the overall Balance Control Index 
(BCI) after CI surgery (p=0.008). This was also true for 
patients with normal BCI preoperatively (p=0.005). El-
derly patients ({≥60 years of age) got better regarding the 
pitch angle during the eight tandem steps test (p=0.025) 
and patients with a preoperatively pathological BCI re-
sults also got better (p=0.023).

Conclusions: Comparing all 30 patients pre and postop-
eratively, there is no significant change after CI surgery 
(p=0.245). Therefore CI surgery can be considered a safe 
treatment regarding the balance control of the patients. 
Only in the detailed subanalysis can significant changes 
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be found. If balance control problems have been preoper-
atively absent, then there is a higher risk for balance con-
trol problems after the CI surgery.

FP31

Changes in acceleration and velocity vHIT gains 
following an acute unilateral peripheral deficit: 
insights into neural compensation

John Allum1, Taylor Cleworth2, Paul Kessler3, Flurin 
Honegger1, Mark Carpenter2

(1) University of Basel Hospital
(2) University of British Columbia
(3) Cantonal Hospital of Basel-Land

Background and aim: An acute unilateral peripheral ves-
tibular deficit (aUPVD) results in deficient vestibular oc-
ular reflex (VOR) control. It has been suggested that the 
improvement of VOR deficit side gain and asymmetry that 
occurs could be due to an increase in more acceleration 
(phasic) than velocity (tonic) sensitive neural compensato-
ry responses (Minor and Lasker, JVR 2009). We examined 
this hypothesis using video head impulse tests (vHIT), ex-
pecting a rapid improvement of the deficit for angular ac-
celeration gain compared to the velocity gain at onset and 
also a greater improvement in acceleration gain over time.

Material and methods: The VOR responses of 38 patients 
were examined at aUPVD onset, 3 and 6 weeks later us-
ing vHIT in the yaw plane with mean peak angular ve-
locities of 170°/s (sd 45°/s) and mean peak accelerations 
of 3660°/s2 (sd 1300°/s2). The acceleration gain was com-
puted as the ratio of eye to head acceleration over ±12 ms 
either side of peak head acceleration without a shift as the 
lag between the peaks was 1ms on average. The velocity 
gain was calculated as the ratio of eye to head velocity over 
±12 ms around peak head velocity with eye velocity shift-
ed 8 ms to account for its average population lag with re-
spect to head velocity.

Results: The deficit side acceleration gains increased 
(p<0.01) from 0.45 at onset to 0.72 at 3 weeks and at 6 
weeks from onset and the contra-deficit (normal) side ac-
celeration gains from 0.86 to 0.99 respectively. The deficit 
side velocity gains increased (p<0.01) from 0.28 to 0.55 at 
3 weeks and 0.56 at 6 weeks and the contra-deficit side ve-
locity gains (p<0.05) from 0.83, to 0.92 and 0.91, respec-
tively. Deficit side velocity gain was significantly (p<0.01) 
lower than that for acceleration at onset with similar trend 
at 3 weeks. Normal side gains were approximately 1.0 at 
6 weeks for both acceleration and velocity. Improvement 
for both gains types post onset was similar.

Conclusions: Both velocity and acceleration VOR deficit 
side gains are affected by an aUPVD and improve most in 
the first 3 weeks after aUPVD onset Contra-deficit gains 
are slightly reduced only at onset. Thus a response asym-
metry remains at 6 weeks. These results indicate that def-
icit side velocity gains are lower at onset than acceleration 
gains following an aUPVD. Thus greater acceleration rather 
than velocity sensitive compensatory neural mechanisms 

are maybe active during the very initial compensation for 
the deficit as predicted, but not thereafter.

FP32

Correlations between multi-plane video head 
impulse test (vHIT) responses and balance 
control after an acute unilateral peripheral 
vestibular deficit

John Allum, Flurin Honegger

University of Basel Hospital
Background and aim: Clinically, it is assumed that the 
balance deficits in the pitch and roll planes, observed with 
onset of an acute unilateral peripheral vestibular deficit 
(aUPVD) are correlated with deficits in vestibular ocular 
reflex (VOR) responses in the same canal plane. Previous 
studies have shown that deficits in lateral canal VOR re-
sponses are weakly related to deficits in balance control. 
However, it could be argued that a relationship should only 
be expected for anterior and posterior canal responses as 
these provide indicators of deficits in the roll (lateral) and 
pitch (anterior–posterior) directions. Therefore, we exam-
ined whether balance and vHIT VOR measures in roll and 
pitch planes are correlated.

Material and methods: 19 patients were examined at on-
set of aUPVD. To measure VOR function, vHIT was per-
formed bilaterally in each of the canal planes. Vertical ca-
nal responses were converted to roll and pitch response 
asymmetries, assuming the canals are at 45 degs to the roll 
and pitch planes, and then correlated with balance meas-
ures. To measure balance control during stance and gait, 
body-worn gyroscopes mounted at lumbar 1–3 recorded 
the angular velocity of the lower trunk in roll and pitch.

Results: vHIT lateral VOR response gain asymmetries 
(mean 32.3±10.4) were greater than roll VOR asymmetries 
(mean 14.2±9.9, p<0.05) and correlated (p=0.04). Pitch 
gain VOR asymmetries were considerably less (mean 
5.6±9.2). No significant correlations between VOR roll 
and pitch asymmetries and trunk sway were found for 
stance (R<0.25). In contrast several gait roll balance meas-
ures were significantly correlated with VOR roll asym-
metries: roll amplitude walking 8 tandem steps (R=0.51), 
roll velocity walking while pitching the head up and down 
(R=0.59), roll velocity walking with eyes closed (R=0.45). 
No correlations were found with pitch asymmetries.

Conclusions: This is the first report to directly link def-
icits in roll balance control with VOR deficits in the roll 
plane. Similar correlations were not found for the pitch 
plane. The few previously reported correlations of VOR 
with pitch velocity during stance and gait have been lim-
ited to low acceleration lateral plane VOR responses [Al-
lum & Honegger (2016) J Vest Res]. Thus the deficit in ves-
tibular sensory mechanisms leading to major pitch plane 
instability with aUVL during stance and gait remains un-
resolved unless a neural cross-coupling between the lat-
eral and pitch planes is assumed.
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Proposal of infra-red utilization in the treatment 
of Ménière disease: Preliminary results

Elio Pagliarulo

S. Francesco Clinic

Background: Therapy for Ménière disease is one of the 
main problems of the otoneurologist. Prevention of ver-
tigo crisis, unpleasant and debilitating for the patient, is 
an outstanding issue in clinical practice, also considering 
the variability and unpredictability of the vertigo crisis. Up 
to now no significant new approach has been produced in 
therapy or pharmacology, and also from a surgical point 
of view (except for vestibular neurectomy, which is very 
invasive surgery and not well accepted by the patient). 
Starting from the above-mentioned problems, consider-
ing that the hypertension of endolynph may be related to 
an alterate equilibrium with hematic circulation (excess 
of filtration or incorrect re-absorption), we assumed that 
the pathogenesis of the hydrops may be related to an in-
correct hematic vessel mechanism. And so we tried to im-
prove the hematic circulation by using infra-red ray ap-
plied on the vertebral column.

The main goal of this study is to verify the possibility of 
reducing the number and intensity of vertigo crises by us-
ing infra-red rays.

Material and methods: 42 patients suffering from Ménière 
disease were admitted to this study. The crises frequency 
ranged between 1 per 2–3 months and 2–3 per week. All 
patients showed the typical symptomatological triad (ver-
tigo, with severe neurovegetative symptoms, hypoacusia, 
and tinnitus). The treatment consisted in exposing the ver-
tebral column to a source of IR rays. Time exposure var-
ied between 30 and 45 minutes. The treatment was per-
formed once a week for the full period of 12–15 weeks.

Results: In every case in a first step all patients reported 
a significant decrease of vertigo intensity and successive-
ly, just a dizziness sensation remained that was progres-
sively disappearing with the treatment prosecution. Un-
til the end of the treatment, equilibrium was restored in 
about 90% of the patients.

FP34

Evalution of the balance system of ice hockey 
players

Halide Çetin Kara, Eyyup Kara, Merve Çınar, Melda 
Kaya, İlknur Yasak, Kerem Ersin, Şahin Bilal Emre, 
Erkan Savaş, Ahmet Ataş, Murat Yener

İstanbul Üniversity

Our study is aimed at observing the balance system of ice 
hockey players, which was done by use of computerized 
dynamic posturography device as well as a variety of test 
methods. Our study aims at stressing the significance of 
the vestibular system for ice hockey players, meanwhile 

focusing on the relation between the vestibular system 
and ice hockey for which balance is a significant factor.

Participants had been subject to sensor organization test, 
adaptation test, weight bearing/squat, unilateral stance, 
rhythmic weight shifting tests of computerized dynamic 
posturography device.

Results: Overall results indicate no significant difference 
between the control group and ice hockey players; which 
is considered to be caused by control group’s comprising 
adolescents with amateur sport involvement. The number 
of cases can be increased to obtain statistical information 
with higher accuracy.

FP35

Effectiveness of vestibular rehabilitation on life 
quality of the elderly with chronic dizziness

Bünyamin Çilder, Songül Aksoy

Hacettepe University, Faculty of Health Sciences

Background: Dizziness which limits the mobility and ac-
tivities of the elderly is quite common. Among the elder-
ly, symptoms such as fear of falling, feeling of imbalance 
or emotional states, cause them to feel dizzy even more 
severely. The role of vestibular rehabilitation with these 
patients is rather controversial. Vestibular rehabilitation 
therapy (VRT) is an important therapeutic option for the 
audiologist in treating patients with chronic dizziness. The 
purpose of this study was to assess the effects of vestibular 
rehabilitation on dizziness in elderly patients with chron-
ic vestibular dysfunction and to determine the quality of 
life and their emotional and functional states.

Material and methods: In this study a total of 7 individu-
als (4 male, 3 female) with a mean age of 68.57±3.04 years 
were included. Objective and subjective vestibular eval-
uation was performed after ENT examination. EQ-5D-
3L General Quality of Life Scale and Dizziness Handi-
cap Inventory were filled for individuals with dizziness 
complaint before vestibular rehabilitation, during the 4{th 
week and 8{th week (short term) VRT follow-ups and at 
the 4{th month (long-term) evaluation. The initial assess-
ment and VRT follow-ups were conducted using CDP. 
According to results of the evaluation and to the needs of 
the patient, VRT programs are prepared as individualized 
home-based exercises.

Results and conclusions: The decrease of the Dizziness 
Handicap Inventory scores is interpreted as an improve-
ment within their emotional and functional states. When 
the outputs of the short-term and long-term follow-ups 
are compared with each other, the improvement of the life 
quality in the long-term is much more noticeable. There-
fore the Vestibular Rehabilitation Therapy program for 
the elderly should be prepared in a multidisciplinary and 
multifactorial manner.
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Posturography findings in children with vertigo 
complaints: A retrospective analysis

Büşra Altın, Mine Baydan, Öznur Yiğit, Emre Gurses, 
Bunyamin Cıldır, Songul Aksoy

Hacettepe University, Faculty of Health Sciences, 
Department of Audiology

Objectives: Children with vestibular problems often do 
not complain of vestibular-related symptoms. Vestibular 
problems can be seen in childhood but different balance 
strategies are adopted by children. Because of this mecha-
nism, several methods such as Sensory Organization Test 
(SOT) were used to evaluate the children. SOT is one of 
the tests of Computerized Dynamic Posturography (CDP) 
which measures the sway in six different conditions and 
examines visual, somatosensory, and vestibular systems 
coordination to maintain balance.

The purpose of this study was to evaluate the SOT re-
sults on paediatric patients who complained of vertigo 
or dizziness.

Material and methods: The sensory organization test 
(SOT) results, sensory analysis, and strategy analysis re-
sults were evaluated by using computerized dynamic pos-
turography between February 2005 and February 2017. In 
our study we evaluated a total number of 143 patients be-
tween 4 and 18 years of age. Patients were divided into two 
groups according to age: one group of age {≤10 (38.4%) 
and the other group >10 (61.6%). All of the subjects were 
evaluated with SOT.

Results: All children with an average age of 10.1 with ves-
tibular complaints tested with SOT are compared to 33 
healthy ones. Some 10 (7%) of the patients did not com-
plete the test and were excluded from the study. Of the 
133 paediatric patients evaluated with SOT, results of 8 
subjects (24.2%) from the group of age {≤10 and the re-
sults of 25 subjects (75.7%) from the group of age >10 
were found to be abnormal. The sensory analysis results 
revealed visual, vestibular, and visual vestibular weakness 
in abnormal subjects.

Conclusions: In our study, it was concluded that a large 
proportion of children with vestibular disorders have SOT 
results as good as their healthy peers. It can be explained 
that children had very efficient compensatory mechanisms 
and most of them can recover until they see a specialist. 
Unfortunately we concluded that the compensation ef-
fect might decrease after middle childhood (9–11 years). 
Finally, Sensory Organization Test would be useful when 
evaluating the balance performance in paediatric popu-
lation and determining strategies to decide the best reha-
bilitation/intervention options.

Free Paper Session 06 | Rehabilitation
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Auditory perception of Voice Onset Time 
contrasts of speech sounds in children 
with hearing aids and cochlear implants: 
A comparison with typically developing children

Mohammad Shamim Ansari, Ajay Kumar Basod

Ayjnishd (D), Mumbai, India

Background: Voice onset time (VOT) is an auditory based 
acoustic feature that helps to differentiate from one speech 
sound to another. Particularly, voiced and voiceless stops 
are primarily differentiated by VOT. Hence, VOT has been 
considered as an important temporal–acoustic measure for 
distinguishing stop consonants for variety of languages. 
However, voiced and voiceless discrimination confusion 
is seen in hearing impairment (HI) leading to poor artic-
ulation abilities. The studies have reported that cochlear 
implantation has resulted in improved articulation ability 
& speech intelligibility in children with HI. But, the role of 
this auditory based ability has been very poorly reported 
in cochlear implant recipient. Therefore the current study 
was undertaken.

Objectives: To compare the perception of VOT contrast 
of voiced and voiceless speech sounds among Cochlear 
Implant (CI), Hearing Aid (HA) recipient and Normal 
Hearing (NH).

Material and methods: Total 60 subjects in age range be-
tween 6 to 12 years of both genders divided into three NH, 
HA and CI groups, each containing 20 children were se-
lected. A total 180 tokens consisting of consonant-vow-
el-consonant combination of nonsense Hindi stop pho-
nemes of equal time length differing at initial position 
were created as test stimuli. These stimuli were present-
ed in auditory and visual mode simultaneously in ABX 
paradigm to subjects and identification scores from each 
group was obtained.

Results: The statistical analysis indicated significant differ-
ence in the distributions of VOT scores across all groups. 
Further, there was no overlap in distributions of identi-
fication scores of between the NH & CI group, and HA 
& CI group. However, the CI children scored more but 
were far behind the NH but had better identification score 
than the HA group. These finding are similar to reports of 
Nittrouer and Burton (2003) and Guillot and Ohde (2009).

Conclusions: The results indicated that there was signifi-
cant difference in scores of NH and both HA & CI groups. 
The HA and CI also differed significantly in identification 
scores. However, the study observed that identification 
score for CI group was better than the HA group which 
indicates that the cochlear implant provide more accessi-
bility to acoustic information than the hearing aids. Thus, 
it can be concluded that CI improves degraded auditory 
information to children with hearing impairment which 
may improve speech perception and acquisition in chil-
dren with HI.
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Evaluation of different phone solutions in CI 
and hearing aid users and bimodal recipients

Andrea Kegel1, Norbert Dillier1, Wiebke Heeren2, Iris 
Arweiler2, Volkmar Hamacher2

(1) Universitätsspital Zürich
(2) Advanced Bionics GmbH

Background: Communication on the telephone is chal-
lenging for people with hearing loss. Various products 
have been developed to improve speech intelligibility dur-
ing phone calls. One example is the binaural algorithm 
DuoPhone by means of which the phone signal received 
on one ear is streamed to the contralateral ear. Further-
more, Phonak DECT phone or EasyCall for mobile phones 
stream the signal into both ears simultaneously. Improve-
ment for speech intelligibility for HA and bimodal users 
have already been shown with this wireless hearing as-
sistance technology. However, no formal studies involv-
ing this technology have been carried out with CI users.

Material and methods: Both HA, CI and bimodal us-
ers participated in the study. The following phone solu-
tions were used: 
• Phonak DECT CP1 V2 (for CI and bimodal users);
• Phonak DECT CP2 (for HA users);
• Phonak EasyCall (for CI and bimodal users);
• Phonak EasyCall II (for HA users);
• Phonak DuoPhone (for all above named users);
• Standard (mobile) phone (for all above named users).

Speech intelligibility was measured with the adaptive Old-
enburg Sentence Test (Wagner et al. 2006) during a phone 
call to determine the speech reception threshold (SRT) for 
two different background noises. Subjective ratings about 
speech intelligibility, noise suppression, and usability were 
assessed for all phone solutions.

Results: Previous research has shown that the DuoPhone 
algorithm improved speech intelligibility for HA users by 
3.1 dB SNR (Nyffeler, 2010). Speech intelligibility meas-
urements for Phonak DECT phone or Easy Call for mo-
bile phones also showed improved SRTs compared to a 
standard telephone (Appleton-Huber and Latzel, 2013). 
Wolfe et al. (2016) demonstrated a benefit for bimodal 
participants in word recognition of 25% in quiet and 23% 
in noise when streaming was enabled. Results of the cur-
rent investigation will be presented and discussed in rela-
tion to the earlier findings.

Conclusions: A bilaterally provided phone signal can im-
prove speech intelligibility compared to a standard tele-
phone solution. Differences and preferences between HA, 
CI, and bimodal users will be discussed.

FP39

Intellectual disability and auditory skills via the 
Orff musical education method

Ozgul Akin Senkal

Çukurova University

The definition of Intellectual disability balances limitations 
with an equal emphasis on skills. Associated health condi-
tions with a higher prevalence in individuals with Intellec-
tual disability are auditory processing disorder. This intel-
lectual disability manifests by causing the person to have 
difficulty in processing the things they hear and see. They 
may lack the ability to tell the difference between certain 
sounds. Depending on the severity of impairment, this can 
profoundly affect learning. Music training offers a prom-
ising auditory learning strategy by directing attention to 
meaningful acoustic elements of the sounds cape. In light 
of evidence that music training improves auditory skills 
and their neural substrates, there are increasing efforts to 
enact Orff musical education in special care units to chil-
dren who has intellectual disability.

The present study investigated whether music training via 
the Orff method fosters children’s auditory skills such as 
listening, auditory discrimination, and perception. Five 
children were assigned to participate in a 6-week training 
program in the Orff musical education method. Before and 
after training, children’s listening profile, word discrimina-
tion skills were assessed. Improvement after training was 
observed on the listening profile measure, but the children 
with music training improved significantly more than the 
untrained children on the auditory discrimination meas-
ure. Music training appears to benefit certain skills neces-
sary for children who have intellectual disability.

FP40

Communication abilities of adult CI patient 
with aphasia

Filiz Aslan, Merve Batuk, Didem Türkyılmaz

Hacettepe University, Faculty of Health Sciences

Background: The benefits of cochlear implants (CI) on 
spoken language of adult users have been shown in nu-
merous studies. Cochlear implant users with additional 
communication disorders are not very common. In this 
case study, the auditory perception and communication 
results of an adult CI user with aphasia was determined, 
and rehabilitation options are discussed.

Material and methods: The patient was 49 years old, male, 
CI user. In his post op one month, the patient had a stroke, 
and acquired aphasia. His communication abilities due to 
aphasia was evaluated with Turkish Aphasia Test. Audi-
tory perception performances were assessed with closed 
set word identification test and sentence recognition test. 
His mental condition assessed with mini mental test. Also 
his short term memory performance was evaluated with 
VADS.
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Results: The results indicated that aphasia affected the pa-
tient’s life severely. Although he started to identify environ-
mental sounds, his word identification score was 6/24. His 
sentence recognition score was 0% in auditory only con-
dition and 20% in auditory verbal condition. His VADS 
score was below the norm. Multidisciplinary evaluations 
were conducted and a rehabilitation program was devel-
oped with other professionals.

Conclusions: In complex communication disorders, com-
munication performances should be evaluated under dif-
ferent conditions. Not only auditory perception, but also 
memory and visual perception must be included in the 
process.

Free Paper Session 07 | Cochlear implants: 
Surgery and electrophysiology
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Assessment of cochlear function during cochlear 
implantation by extra- and intracochlear 
electrocochleography

Adrian Dalbert, Flurin Pfiffner, Dorothe Veraguth, 
Christof Röösli, Alexander Huber

Universitätsspital Zürich

Objectives: The aims of this study were: 1) To investigate 
the correlation between electrophysiological changes dur-
ing cochlear implantation and postoperative hearing loss, 
and 2) to detect the time points that electrophysiological 
changes occur during cochlear implantation.

Material and methods: Extra- and intracochlear electro-
cochleography (ECoG) were used to detect electrophysio-
logical changes during cochlear implantation. Extracoch-
lear ECoG recordings were conducted through a needle 
electrode placed on the promontory; for intracochlear 
ECoG recordings, the most apical contact of the coch-
lear implant (CI) electrode itself was used as the record-
ing electrode. Tone bursts at 250, 500, 750, and 1000 Hz 
were used as low-frequency acoustic stimuli and clicks as 
high-frequency acoustic stimuli. Changes of extracoch-
lear ECoG recordings after full insertion of the CI elec-
trode were correlated with pure-tone audiometric find-
ings 4 weeks after surgery.

Results: Sixty-one subjects were included. Of these, ex-
tracochlear ECoG recordings were performed in 58 and 
intracochlear ECoG recordings in 3 subjects. Mean hear-
ing loss in subjects without decrease or loss of extracoch-
lear ECoG signals was 12 dB, compared to a mean hear-
ing loss of 22 dB in subjects with a detectable decrease or 
loss of ECoG signals (p=0.0058). In extracochlear ECoG 
recordings, a mean increase of the ECoG signal of 4.4 dB 
occurred after opening the cochlea. If a decrease of ECoG 
signals occurred during insertion of the CI electrode, the 
decrease was detectable during the second half of the in-
sertion in extra- as well as intracochlear recordings.

Conclusions: Extra- and intracochlear ECoG recordings 
allow detection of electrophysiological changes in the 

cochlea during cochlear implantation. Decrease of extra-
cochlear ECoG recordings during surgery has a significant 
correlation with hearing loss 4 weeks after surgery. Base-
line recordings for extracochlear ECoG recordings should 
be conducted after opening the cochlea. Extra- and intra-
cochlear ECoG recordings suggest that trauma to coch-
lear structures occurs during the final phase of the elec-
trode insertion.

FP42

Intraoperative cochlear implant position 
monitoring with spread of excitation 
measurements

Frank Digeser, Tim Liebscher, Ulrich Hoppe

Universitätsklinikum Erlangen

Background: The correct placement of the electrode array 
of a cochlear implant (CI) is essential for successful reha-
bilitation. Insertion depth and position may affect speech 
comprehension. Upcoming electrode arrays are thinner 
and thus even more delicate concerning insertion and 
correct positioning. The electrode position may be dem-
onstrated by means of high resolution computer tomog-
raphy, yet this technology is usually not available intra-
operatively and involves radiation exposure. However, 
certain measurements of evoked compound action poten-
tials (ECAP), so-called spread of excitation (SOE) meas-
urements, are sensitive to electrode position. The main goal 
of this study was to evaluate SOE measurements intraop-
eratively in order to evaluate problematic electrode array 
positioning, especially potential tip foldovers.

Material and methods: In 195 implanted ears (CI512 and 
CI532, Cochlear Ltd.), NRT thresholds and SOE measure-
ments were recorded intraoperatively with CustomSound 
EP. Probe electrode 15 was stimulated with 210 current lev-
el (CL) or different levels if 210 CL were not in the range 
of 25 to 45 CL above NRT threshold of electrode 15. Data 
was evaluated regarding the N1–P1 amplitude, SOE width, 
and NRT thresholds and set in relation to two detected tip 
foldover cases confirmed by X-ray imaging.

Results: Best results of descriptive SOE data were obtained 
for measurements in between 30CL and 45CL above NRT 
threshold. All tip foldover cases could be identified cor-
rectly and exhibited typically elevated N1–P1 amplitudes at 
the most apical electrode. ECAP threshold measurements 
should be performed beforehand in order to measure the 
SOE in a suitable range of stimulation level.

Conclusions: SOE measurements provide a useful tool for 
the evaluation of the array position within the cochlear in-
traoperatively. However, the variance of neural respons-
es often require a specific adjustment of the SOE stimu-
lation levels in order to observe the decay of the masker 
amplitudes in basal and especially in apical direction. In 
order to confirm a tip foldover, intraoperative imaging is 
still inevitable. However, SOE measurements allow confin-
ing intraoperative imaging to conspicuous SOE findings.
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Feasibility and early results of 
electrocochleographic recordings via the 
Advanced Bionics cochlear implant system

Laure Arnold1, Dzemal Gazibegovic1, Patrick Boyle1, 
Idrick Akhoun1, Carolin Frohne-Buechner1, Gunnar 
Geissler1, Kanthaiah Koka2, Volkmar Hamacher1

(1) Advanced Bionics GmbH
(2) Advanced Bionics LLC

Background: Electrocochleography (ECochG) is a well-
established method to record the inner ear response to 
an acoustic stimulus. Work originally conducted with the 
University of North Carolina has demonstrated the abili-
ty to record ECochG also via the intra-cochlear electrode 
array for an acoustically delivered low-frequency sinusoi-
dal stimulus. Even though the telemetric system of the Ad-
vanced Bionics cochlear implant system was developed to 
record impedances as well as the compound action poten-
tial to electrical pulses, it is also suitable for ECochG re-
cordings. This may allow to record ECochG on a regular 
basis to monitor residual hearing, both during the insertion 
process in the surgery as well as long-term postoperatively.

Material and methods: In this study, ECochG was record-
ed from 30 adult subjects during and following implan-
tation of the Advanced Bionics HiRes90K implant. Dur-
ing insertion of the array, recordings were virtually always 
made for 50 ms tone burst of 500Hz. Following insertion, 
recordings were made, where possible, for 125, 250 and 
500 Hz tone bursts. Typically 64 averages were used for 
each individual measurement. Subtraction of recordings, 
time-locked to phase-reversed stimuli, allowed extraction 
of the cochlear microphonic (CM) signal. Comparisons 
were made between the CM and behaviourally measured 
hearing thresholds. Analysis was also made of CM ampli-
tude during insertion of the electrode array and correlat-
ed with the surgical reports.

Results: It was possible to record ECochG in all cases for 
at least one stimulus frequency. The average electrode in-
sertion took approximately 25 seconds and returned 12 
CM data points. Preliminary data indicate a highly sig-
nificant correlation (r2=0.81) between ECochG and be-
havioural estimates of low-frequency hearing threshold.

Conclusions: Results show the feasibility of ECochG re-
cordings, both intra- and post-operatively using the stand-
ard Advanced Bionics cochlear implant system hardware 
with research software. Recording speed is sufficient to 
give surgical feedback during electrode array insertion. A 
strong correlation exists between objective and behaviour-
al estimates of low-frequency hearing thresholds.

FP44

Correlation between hearing preservation after 
cochlear implantation and speech understanding 
in the electric-only condition

Flurin Pfiffner, Adrian Dalbert, Naemi Baumann, 
Dorothe Veraguth, Christof Röösli, Alex Huber

University Hospital Zurich and University of Zurich

Background: There are several reasons why hearing pres-
ervation and minimization of cochlear trauma is aimed 
for cochlear implantation. However, it has not yet been 
completely clarified if hearing preservation after cochle-
ar implantation with full-length electrodes has an effect 
on word recognition in the electric-only condition. While 
Carlson et al. [1] reported significantly better word per-
ception scores in in the electric-only condition with pre-
served residual hearing, Balkany et al. [2], D’Elia et al. 
[3], and Cosetti et al. [4] could not demonstrate such an 
effect. In this study, we investigate if the degree of hear-
ing preservation in CI recipients with full-length CI elec-
trodes correlates with speech understanding scores in the 
electric-only condition.

Material and methods: 105 CI recipients who had meas-
urable residual acoustic hearing before surgery were in-
cluded in this retrospective study. We evaluated pre- and 
postoperative pure tone average (PTA) and postoperative 
monosyllabic word perception scores after 6 months, 12 
months, and after 18 months.

Results: Commplete or partial hearing preservation was 
achieved in >50%. After 6 and 12 months, no significant 
difference in word perception was found between subjects 
with and without hearing preservation. After 18 or more 
months, subjects with hearing preservation had significant-
ly better word perception scores. No significant difference 
in word perception was found between subjects with and 
without hearing preservation after 6 and 12 months. How-
ever, after 18 or more months, subjects with hearing pres-
ervation had significantly better word perception scores.

Conclusions: Preservation of residual hearing leads to bet-
ter word perception in the electric-only condition over the 
long-term. CI recipients with hearing preservation contin-
ue to make progress after more than 12 months of CI ex-
perience whereas those without plateau at 12 months. The 
findings further support the necessity of conservation of 
residual acoustic hearing in all CI recipients.

References:
1.  Carlson ML et al. Implications of minimizing trauma 

during conventional cochlear implantation. Otol Neu-
rotol, 2011.

2.  Balkany et al. Conservation of residual acoustic hear-
ing after cochlear implantation. Otol Neurotol, 2006.

3.  D’Elia A et al. The role of hearing preservation on elec-
trical thresholds. Otol Neurotol, 2012.

4.  Cosetti MK et al. The effects of residual hearing in tradi-
tional cochlear implant candidates. Otol Neurotol, 2013.
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A combination device delivering therapeutics to 
the inner ear via a cochlear implant

Robert Cowan1, Robert Briggs1, Catherine Birman2, Jason 
Gavrilis1

(1) The HEARing CRC
(2) The Sydney Cochlear Implant Centre

Background: Elution of active pharmaceutical ingredients 
(APIs) from the silicone matrix of a cochlear implant (CI) 
electrode array may provide a simple, effective and reli-
able method for delivering dexamethasone (DXB) to the 
inner ear over an extended period postoperatively. Such 
treatment may be effective in mediating tissue response 
to insertion, and potentially assist in preserving remain-
ing acoustic hearing in CI recipients.

Objectives: To investigate the clinical feasibility of inte-
grating a drug therapy into a commercial cochlear im-
plant electrode array, and to assess the effect on electrode 
impedance measures.

Material and methods: Surgical insertion studies were 
undertaken to ensure insertion characteristics with the 
experimental device were not compromised. Pharmcoki-
netic profiling were conducted both before and after both 
normal and accelerated ageing. Non-clinical safety stud-
ies in animal models were conducted to evaluate poten-
tial primary patient risks. Subsequently, ten adult subjects 
were implanted in two centres with the investigational de-
vice augmented with regions loaded with dexamethasone 
(DXB; Sanofi). Standard electrode impedance measures 
were compared with a control group of 29 recipients re-
ceiving standard electrode arrays. Comparison of 4-point 
electrode impedance measures were also made between the 
investigational and a control group of implanted subjects 
to more directly examine the effect of the drug therapy on 
impedance measures associated with local tissue response.

Results: Non-clinical results in the animal model did not 
identify any safety issue associated with inclusion of high 
loadings (50% w/w) of DXB. Surgical reports showed no 
decrement in electrode insertion characteristics with this 
design nor any safety issue for the patients postoperative-
ly, as compared with control patients receiving standard 
devices recruited from the same clinics. In comparison to 
data from 29 control recipients, the investigation group 
demonstrated significantly lower impedances (p < 0.001) 
in both common ground (CG) and monopolar (MP1+2) 
stimulation modes at all time-points.

Conclusions: A combination CI delivering APIs is a fea-
sible strategy for delivering a targeted drug therapy to CI 
recipients. An ad hoc analysis of data from this FTIH study 
has demonstrated that such a device delivering DXB pro-
vided sustained, reduced impedances, which could be a 
biomarker of reduced fibrosis.

FP46

Robotic cochlear implantation: First clinical 
results

Wilhelm Wimmer1, Stefan Weber1, Juan Anso1, Kate 
Gerber1, Nicolas Gerber1, Georgios Mantokoudis2, Martin 
Kompis2, Marco Caversaccio2

(1) University of Bern
(2) University Hospital Bern (Inselspital)

Background: Robotic cochlear implantation is a novel 
minimally invasive approach for CI surgery. The proce-
dure is currently being evaluated in a clinical trial at the 
Inselspital in Bern, Switzerland. The aim of this presen-
tation is to report preliminary clinical results of the first 
cases of robotic cochlear implantation.

Material and methods: The clinical study was approved 
by the local IRB and regulatory body. Preoperative assess-
ments included morphological evaluation using CT, taste 
examination and facial nerve neurography. During sur-
gery, four bone fiducial screws were inserted behind the 
ear and CT (0.2 mm resolution) was performed to plan a 
drill trajectory from the mastoid surface, passing through 
the facial recess to the center of the round window. Ac-
cess to the middle ear was drilled using a previously devel-
oped task specific image-guided robotic system. Sufficient 
clearance of the drill trajectory from the facial nerve was 
confirmed using intraoperative cone beam CT imaging. 
Upon completion of drilling and screw removal, a tympa-
nomeatal flap was created and the round window mem-
brane was exposed. An implant bed was prepared and the 
electrode array was manually inserted using a specifical-
ly manufactured insertion tube. Correct placement and 
nominal function of the implant was verified by telem-
etry and postoperative CT imaging. Postoperative facial 
nerve neurography and taste examination took place two 
weeks postoperatively. Audiological assessment was per-
formed as part of routine clinical care.

Results: Robotic middle ear access was completed in 2 
patients, with successful electrode insertion according to 
the preoperatively defined plan. Audiological results for 
all patients are currently being collected.

Conclusions: We have demonstrated in 2 patients that a 
CI electrode can be successfully inserted into the cochlea 
through a 1.8 mm keyhole access created by a surgical ro-
bot. The workflow with the robotic setup requires addi-
tional setup time and extensive teamwork.
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Brain plasticity in the elderly: Evidence from 
auditory training of sentences in noise

Liat Kishon-Rabin; Yossi Buganim; Doreen 
Zechoval; Daphne Ari-Even Roth

Tel-Aviv University

One of the negative consequences of aging is the decline 
in communication abilities. This has been found to con-
tribute to social isolation and to cognitive and general 
health decline. This problem has been most commonly ad-
dressed by fitting hearing aids and/or cochlear implants. 
The results, however, were only partially successful, espe-
cially when listening in noise. The purpose of the present 
study was to attempt to address the difficulties of listening 
in noise in older adults via single- and multi-session audi-
tory training. Twenty-one older adults aged 65–78 years 
(M=70 years) were trained in a single session on a sen-
tence perception in noise test (Hebrew Matrix test). For 
each participant, 6 speech reception thresholds in noise 
(SRTn) were obtained using an adaptive procedure. Sev-
en of the participants continued to train for seven more 
sessions, 1–3 days apart and with 6 SRTn/session. Reten-
tion of learning was assessed one month after training was 
completed. Single session performance were compared to 
data of 51 young adults (21–28 years of age). The results 
showed that during a single session training, older adults 
improved performance by 1 dB and 38% had comparable 
performance to that of young adults. By the end of multi-
session training, 6/7 older adults improved SRTn by addi-
tional 2–4 dB regardless of their initial performance. More 
than 50% of the variance in performance was explained by 
cognitive abilities. Learning was partially retained at the 
1-month follow up session. These data provide important 
evidence of auditory plasticity in older adults and the ben-
efit they can obtain from auditory training.

FP48

The audiologist’s perspective of their role in 
the hearing rehabilitation process among the 
elderly: A qualitative study

Tali Bar-Moshe, Paula Feder-Bubis

Ben-Gurion University of the Negev

Hearing aid (HA) fitting is a significant element of the con-
tinuous, complex hearing rehabilitation process (HRP) that 
includes counseling, training, listening strategies, and re-
quires patient–audiologist cooperation. First-time HA us-
ers preliminary expectations regarding the HA advantag-
es, disadvantages and use are part of the factors that can 
influence the success of the HRP. There is limited infor-
mation indicating the audiologist’s role in the HRP. The 
next decades will be characterized with accelerated tech-
nological advances of HA and increasing aging population. 
In light of these changes and the lack of information re-
garding the audiologist contribution to the HRP, one can 

wonder if the audiologists will still be a relevant part of 
this important process.

This qualitative study was conducted using Grounded The-
ory. Its main purpose was to assess the process of matching 
expectations of first time HA users during the HRP. Ten 
Israeli audiologists, specialized in HA fitting, from differ-
ent professional backgrounds were interviewed. Data from 
this maximum variation sampling of audiologists was an-
alyzed – parallel to data collection – by coding and cate-
gorization using ATLAS ti 7 software.

Four main themes were found: 1) the audiologists’ holistic 
perception; 2) audiologist–patient relationship and part-
nership; 3) EM and HRP as an intertwined process and 4) 
the audiologists’ professional backbone. These four themes 
reflect the audiologists’ understanding of the importance 
of their role in the HRP and the significance of their re-
lationship with the patients and their significant others. 
Beyond these four themes, “the technology vs. the audiol-
ogist” was found as a major category, relevant to this pa-
per presentation.

Study findings revealed that although hearing rehabilita-
tion is only one of the audiologists’ professional fields of 
practice, it serves as a prism for their professional per-
ception, helps in dealing with professional and ethical di-
lemmas, shapes their relationship with patients and their 
surroundings, and also shapes the ways in which they 
cope with technology and regulatory changes affecting 
their work.

This presentation will focus on the audiologist’ role in the 
HRP as reflected from the interviews and will discuss the 
added value that audiologists bring to the process in light 
of developments and changes in the HA market.

FP49

Changes in the central auditory system 
associated with presbycusis and tinnitus

Oliver Profant¹, Jaroslav Tintěra², Filip Jírů², Zbyněk 
Bureš1, Jan Betka3, Veronika Svobodová3, Diana 
Kuchárová1, Josef Syka4

(1)  Institute of Experimental Medicine, Academy of Sciences of 
the Czech Republic, v.v.i.

(2)  Institute of Clinical and Experimental Medicine
(3)  1st Faculty of Medicine, Charles University in Prague, 

University Hospital Moto
(4)  Institute of Experimental Medicine. Academy of Sciences 

of the Czech Republic, v.v.i., Department of Auditory 
Neuroscience, Laboratory of Auditory Physiology and 
Pathology

Background: Presbycusis and tinnitus are two of the most 
common hearing related pathologies. Both of these dis-
orders share few common signs. Although it is believed 
that they originate from the inner ear, there are several re-
ports about their central components. The onset of pres-
bycusis coincides with the highest appearance of the tin-
nitus (between 60–70 years of age). The aim of our study 
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was to investigate changes occurring due to tinnitus and 
presbycusis in the central auditory system.

Material and methods: Twenty-seven patients with pres-
bycusis and tinnitus and twenty healthy volunteers were 
examined by audiological and MRI methods. Following 
audiological examinations were used: pure tone high fre-
quency audiometry, otoacoustic emissions, speech and 
speech in babble noise audiometry, speech audiometry 
with signal drop-outs – „chopper“, gap detection thresh-
old, laterogram (time–intensity trade off). MRI examina-
tion used: resting state fMRI and event-related fMRI with 
various combination of acoustic (speech, speech like noise, 
speech in babble noise) and visual and acoustic stimula-
tion (congruent and discongruent).

Results: Auditory tests showed clear differences between 
control group and tinnitus/presbycusis group that are due 
both to ageing and tinnitus. Resting state fMRI showed 
preferred connectivity between the auditory cortices in 
tinnitus/presbycusis group. The activation of the visual 
cortex depended on the relationship between acoustical 
and visual stimuli.

Conclusions: The results of the examinations demonstrate 
that presbycusis and tinnitus alter function of the audito-
ry cortices compared to healthy individuals. The complex 
of selected audiological tests together with MRI methods 
offer new approaches how to understand pathological ba-
sis of presbycusis and tinnitus.

FP50

Improved hearing in Swedish 70-year olds: 
Evidence from cohort comparisons of 
unscreened populations

Maria Hoff1, Tomas Tengstrand2, André Sadeghi1, Ingmar 
Skoog1, Ulf Rosenhall2

(1) University of Gothenburg
(2) Habilitation and Health, Region Västra Götaland

Background: Populations worldwide are rapidly aging. The 
number of people aged 65 and above is projected to dou-
ble by 2030 – a change which will undoubtedly put up-
ward pressure on societal and health care costs. In light 
of these demographic changes, it is vital to generate up-
to-date prevalence figures, in order to accurately estimate 
aural rehabilitation needs of the population. The aims of 
this study were to examine hearing acuity and hearing loss 
prevalence in a new cohort of older adults in Gothenburg, 
Sweden, and to investigate whether hearing in this age-
group has changed over the last 5 decades.

Material and methods: This was a prospective popula-
tion-based study of unscreened populations. As part of a 
geriatric population-based study (H70), a new birth co-
hort consisting of 70-year olds (n=1135) was tested with 
computerized automated audiometry. A random subgroup 
(n=251) was tested more extensively with an audiologi-
cal test battery, including clinical pure-tone audiometry. 
The hearing thresholds were compared to three previous 

cohorts of 70-year olds, born in 1901–02, 1906–07, and 
in 1922.

Results: Significant improvements (p<0.01) in median 
pure tone thresholds were seen at most frequencies in 
the men (range: 5–20 dB) and at some frequencies in the 
women (range: 5–10 dB). The prevalence of hearing loss 
decreased significantly in the study period (1971–2014), 
from 53–28% for men and 37–23% for women (p<0.01). 
Rates of mild and moderate hearing loss also decreased, 
whereas severe hearing loss remained stable.

Conclusions: These results support that hearing in Swed-
ish 70-year olds has improved. The largest improvements 
were seen at 4–6 kHz in men, possibly reflecting a decrease 
in occupational noise exposure.

FP51

Cognitive computing for hearing healthcare: An 
eHealth solution for the clinical management of 
aged people with hearing disabilities

Gabriella Tognola1, Alessia Paglialonga1, Alessandra 
Murri2, Ruby Karmacharya1, Francesco Pinciroli3, 
Domenico Cuda2

(1)  CNR IEIIT – Istituto di Elettronica e di Ingegneria delle 
Informazioni e Telecomunicazioni

(2) Ospedale “Guglielmo da Saliceto”, UO Otorinolaringoiatria
(3) CNR IEIIT and Politecnico di Milano DEIB

Background: A successful hearing rehabilitation plan for 
older people shall consider the technological factors (e.g. 
the type of HA or CI used) and also other aspects relat-
ed to auditory disability, e.g., the perceived hearing diffi-
culties in real life, the impact of subject’s hearing disabili-
ty on the quality of life, speech perception abilities in real 
environments. Many valuable clinical instruments exist to 
measure all the diverse aspects of hearing disability. Un-
fortunately, most physicians cannot make profit of this 
wealth of ever increasing information as it is dispersed in 
different medical documents. Also, about 80% of health 
data, e.g. that in medical notes, is invisible to systems be-
cause it is unstructured. Our work is the first attempt in 
the hearing healthcare domain, to design and develop an 
easy-to-use, multi-source clinical system for extracting 
and collating audiological information from the diversi-
fied documents of the patient health record.

Material and methods: This first pilot evaluation of our 
system is done on a sample of medical records of elderly 
with CIs. The records included all the medical documents 
and test results generated during the time (including all 
the follow-up visits). The system applies eHealth technol-
ogies (cognitive computing) and leverages an ad hoc lex-
icon developed for the hearing healthcare.

Results: Our system extracts textual narrative information 
(e.g. from the past medical history, current complaints, eti-
ology, audiological diagnosis, risk factors, surgical proce-
dure to implant the hearing devices) and numerical in-
formation (e.g. audiometric tests, technical setup of CIs, 
questionnaires scores, etc.). The system analyses medical 
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notes written in plain language, understands which infor-
mation is critical to the treatment pathway, and puts the 
extracted information into the proper textual and tempo-
ral contexts. The extracted information is then made avail-
able through a central platform to be analyzed in a tuned 
approach by the clinician. All these processes are directly 
performed on the original medical documents, as they are 
generated by the clinician using plain language.

Conclusions: The proposed system provides clinicians 
with a multi-source and multi-dimensional view of pa-
tient’s hearing disability. It helps clinicians to improve the 
ongoing treatment of chronic conditions and the proac-
tive and preventive interventions.

Grant: PNRCNR Aging Program 2012-18.
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Are changes in sensory function associated 
with cognitive decline? Longitudinal analysis in 
European older population

Piers Dawes, Asri Maharani, Neil Pendleton, Gindo 
Tampubolon, James Nazroo

University of Manchester

Background: The prevalence of hearing and/or vision loss 
and cognitive impairment increases sharply in old age. 
Hence, the explanations for relationships between senso-
ry and cognitive function remain unclear. The purpose of 
this study was to assess in an older European population: 
(1) any independent association between single and dual 
sensory impairment (hearing and/or vision) and cognitive 
decline; (2) cognitive trajectories according to the pattern 
of sensory impairment.

Material and methods: We used two surveys on older in-
dividuals in Europe: the Survey of Health, Ageing and Re-
tirement in Europe (SHARE) for 10 Continental Europe-
an countries and English Longitudinal Study of Ageing 
(ELSA). Growth curve analysis with time–variant variables 
of sensory impairment was performed to predict cogni-
tive function measured by episodic memory score (range 
0–20). Vision and hearing function in SHARE and ELSA 
were each coded on a scale from 1 (excellent) to 5 (poor). 
We recoded the scores of hearing and vision function into 
two categories by combining the responses excellent, very 
good and good into good sensory function and collapsing 
fair and poor vision into poor sensory function. We de-
fined sensory impairment as having poor sensory func-
tion and categorised it into three: no impairment, single 
impairment (vision or hearing), and dual impairment (vi-
sion and hearing).

Results: Older adults in England with single (β=–0.154, 
ρ<0.001) and dual impairments (β=–0.369, ρ<0.001) per-
formed less well than those with no impairment in final 
model, where the potential confounders, including socio-
demographic, health behaviour and health status charac-
teristics, were included. Similarly, older adults with sin-
gle (β=–0.289, ρ<0.001) and dual impairments (β=–0.727, 
ρ<0.001) were able to recall fewer words than those with 

no sensory impairment in other ten European countries 
included in SHARE. In both surveys, the cognitive trajec-
tories of older adults with no sensory impairment followed 
curvilinear shapes, while those of older adults with sin-
gle and dual sensory impairments showed more precip-
itous pattern trajectory of cognitive decline after the age 
of 50 in both surveys.

Conclusions: These findings suggest that sensory impair-
ment was independently associated with cognitive de-
cline among older adults in Europe. Further investiga-
tions should shed light on causal connections among them.

FP121

Computerized Duration Pattern Test and 
Computerized Frequency Pattern Test results in 
the elderly

Özgü İnal¹, Banu Müjdeci², Meral Didem Türkyılmaz³

(1)  Gaziler Physics and Therapy Education and Research 
Hospital

(2)  Yıldırım Beyazıt University, Faculty of Health Sciences, 
Department of Audiology

(3)  Hacettepe University, Faculty of Health Sciences, Department 
of Audiology

Background: The aim of this study was to evaluate the per-
formance of Computerized Frequency Pattern Test (CFPT) 
and Computerized Duration Pattern Test (CDPT) in el-
derly with normal hearing.

Material and methods: This study was conducted at Hac-
ettepe University, in Otorhinolarnygology Department, 
Audiology and Speech Pathology Unit. 30 elderly subjects 
(60 ears) were evaluated. CFPT and CDPT were carried 
out for all elderly subjects. The correct answer percentag-
es of CFPT and CDPT were analyzed.

Results: Subjects were aged between 65–77 years, and the 
mean age was 70.26±3.45 years. The average percentage 
of correct answers of CFPT were 56.2% for right ears and 
55.2% for the left ear. The average percentage of correct 
answers of CDPT were 65.03% and 63.80% for the right 
and left ears respectively. There was no statistically differ-
ence between right and left ear for CT and CFPT (p>0.05).

Conclusions: The performance of CFPT and CDPT were 
evaluated for elderly subjects in this study. These results 
may provide useful information about auditory process-
ing performance in elderly subjects.

Free Paper Session 09 | Objective measurements
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The effectiveness of bone conduction (BC) chirp 
stimulation in evaluating auditory brainstem 
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response (ABR) compared to air conduction 
(AC) chirp and to click ABR

Shaden Bsoul-Criem1, Joseph Attias2,3, Doron Urbach1

(1) University of Haifa
(2)  University of Haifa, Faculty of Social Welfare and Health 

Sciences, Department of Communication Sciences and 
Disorders, Haifa

(3)  Cochlear Implant Center, Schneider Children’s Medical 
Center, Petah Tiqva, Israel

Background: Chirp is a frequency time-varying stimula-
tion that compensates for the temporal dispersion in the 
cochlea by delaying high frequencies of stimulation, so that 
both low and high frequencies will transmit simultaneous-
ly to the cochlea. Most studies examined the effectiveness 
of chirp stimulus in AC ABR, while only little research is 
done with BC stimulus, which is important for detecting 
mixed and sensorineural hearing losses.

Objectives: The main purpose of this study is to create, in-
vestigate and to implement a chirp stimulus in ABR, both 
in AC and BC. This procedure is meant to improve the 
efficacy of measuring ABR threshold, by obtaining ABR 
thresholds closer to psychoacoustic thresholds, and larg-
er wave V amplitudes. Therefore, this study constructs a 
chirp stimulus with frequency range of 0.1 to 4 kHz to 
fit the frequency response of the bone vibrator B71. This 
stimulus was also compared to the commonly used BC 
click. In addition, a comparison was made between click 
and chirps with different frequency content.

Material and methods: The study involved 25 healthy 
students with normal hearing at University of Haifa, aged 
19–30. Responses were examined in 31 ears. All stimuli 
were calibrated according to the psychophysical threshold 
of each subject and stimulation intensity level was deter-
mined according it. ABRs were evoked using AC and BC 
chirp and click presented at 60, 40, 20 dB sensation level, 
and at threshold level, with stimuli rate of 27.1/s. The var-
ious chirps were modified using MATLAB-R2013b, refer-
ring the original that was provided by Natus.

Results: Chirps were found to have closer ABR thresh-
old to the psychoacoustic threshold than click, both in 
AC and BC. In addition, greater wave V amplitudes with 
chirp stimulus, in the intensities of 20, 40, 60 dB SL were 
observed.

Conclusions: For the first time, BC chirp was found to 
have important and direct clinical implications to improve 
predicting thresholds in BC ABR.

FP54

Test–retest study of multi-feature mismatch 
negativities to speech sounds

Selin Kargül¹, Mehmet Yaralı², Didem Türkyılmaz², Süha 
Yağcıoğlu³

(1) Turkish Spastic Children Foundation
(2)  Hacettepe University, Faculty of Health Sciences, Dept of 

Audiology Medical Center, Petah Tiqva, Israel
(3) Hacettepe University, Faculty of Medicine

Background: Mismatch negativity (MMN), a change-spe-
cific component of the auditory event-related potential 
(ERP), is elicited by any discriminable change in audito-
ry stimulation irrespective of the subject or patient’s at-
tention or behavioural task. It provides an objective index 
for sound-discrimination accuracy at the cortical level and 
represents a neural plasticity. With traditional recording 
sessions tend to be long and it provides cortical discrimi-
nation of 1–2 sound features. Recently new multi-feature 
MMN paradigms have been developed to provide very 
fast assessement of auditory discrimination profiles (Pa-
karinen S., et al., 2009).

Material and methods: The present study aimed to evalu-
ate the test retest reliability of MMN elicited by multi-fea-
ture paradigm which was developed in Hacettepe Univer-
sity. Thirty healthy volunteer subjects, all above the age 18, 
were taken the MMN test in Hacettepe University Audiol-
ogy Department, electrophysiology laboratory. The stimu-
li were synthetic consonant–vowel syllables. The standard 
stimuli were /te/ and /pi/. Syllable duration was 170 ms. 
The deviant stimuli differed from the standarts either in 
syllable frequency (F0: 9%), syllable intensity (±7%), vowel 
duration (100 ms), consonant (/pe/ and /ti/) or vowel (/ti/ 
and /pe/). Duration of test–retest was one week.

Results: The data obtained indicate high level replicabili-
ty of multi-feature MMNs to acoustic change.

Conclusions: The test–retest reliability of multi-feature 
MMN found in this study promotes the usefulness of the 
MMN in audiology and speech pathology fields.

FP55

Enhancements in auditory steady state responses 
(ASSR)

Russel Higgs1, Thomas Rosner2

(1) Path Medical GmbH
(2)  Institute for Real-Time Computersystems, Technische 

Universität München, Germany

An auditory steady-state response (ASSR) is an electro-
physiological response that follows the envelope of a pe-
riodically repeated narrow band stimulus. The stimuli may 
consist of pure tones modulated in amplitude and/or fre-
quency, repeated filtered clicks or repeated band-limit-
ed chirp signals. ASSR is mainly used in audiological di-
agnosis. It is a powerful method to provide frequency 
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specific estimation of the behavioural pure-tone thresh-
olds in the entire audiometric frequency and level range. 
Our case study was developed to demonstrate the use of 
a variable modulation rate between 37 to 163 Hz to im-
prove the correlation between the pure tone audiogram and 
the ASSR response on both ears. The cochlea acts, among 
other things, as a real-time spectrum analyzer. A conse-
quence of cochlea mechanics is a frequency-dependent la-
tency between acoustic stimulus and neural activity. Op-
timized stimuli for AEP recording can partly compensate 
this delay to generate stronger AEP responses. Moreover, 
cochlea response is much slower for low stimulus frequen-
cies and much faster at high frequencies. This results in 
the use of varied repetition rates to be optimal for differ-
ent stimulus frequencies and bandwidths. This improves 
stability of responses and results in improved correlation 
to pure tone audiometry.

FP56

Frequency modulated DPOAEs improve 
robustness and speed of DPOAE recordings

Russell Higgs

Path Medical GmbH

When measuring DPOAEs for screening or diagnostic pur-
poses, usually only a handful of fixed frequencies are test-
ed, to keep the procedure short in time. However, a feature 
of DPOAE known as fine structure can interfere with such 
testing, if one of the test frequencies happens to hit a fine 
structure minimum. Typically, fine structure dips can be 
in the order of 10 dB deep, which means test time would 
extend by a factor of 10 to record a stable response. Using 
a suppressor tone in the neighborhood of the DPOAE fre-
quency has been proposed to damp the “second source”, 
which is thought to be responsible for the fine structure. 
A different way of overcoming the DPOAE fine structure 
is presented here, using frequency modulated (FM) pri-
mary tones, resulting in a frequency modulated DPOAE 
response. The method will be referred to as FMDPOAE. 
Standard recording methods for DPOAE, usually based 
on Fourier transform or similar techniques, do not allow 
frequency modulation. Therefore, a different approach has 
been designed, making use of heterodyne filtering tech-
niques. Modulation widths in the order of 100 Hz at modu-
lations rates in the order of 1 to 2 Hz can be applied, while 
still recording a phase-stable DPOAE signal.

Comparison tests with and without FM indicate that the 
fine structure is suppressed quite effectively without the 
need of any additional stimuli and without extending test 
time on average. Measurements have also shown that 
DPOAE fine structure is level-dependent. This can – by 
chance – lead to higher DPOAE amplitude being recorded 
at lower stimulus levels and vice versa. This fact can have a 
serious impact on DPOAE threshold estimation methods, 
based on so-called DPOAE growth functions. On average, 
FMDPOAE are more robust in this aspect and can there-
fore improve threshold estimation accuracy significantly.

Free Paper Session 10 | Music and noise
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Relationship between music perception 
impairment and auditory processing in normal 
hearing children

Bünyamin Çildir1, Elif Çildir2, Suna Yilmaz3

(1) Hacettepe University, Faculty of Health Sciences
(2)  Dr. Sami Ulus Women’s and Children’s Health Training and 

Research Hospital
(3)  Hacettepe University, Faculty of Health Sciences, Department 

of Audiology

Background: Tone deafness is a neurodevelopmental dis-
order of the musical processing that affects the subtle as-
pects of speech processing. Temporal function disorder, 
who individuals may experience a disorder in the percep-
tion of temporal pattern (arrhythmia). The normal audito-
ry system can maintain speech intelligibility in the back-
ground noise environment. The perception of the music 
of the individuals with the problem of speech discrimi-
nation in noise can be degraded. The aim of this study is 
to investigate the relationship between auditory process-
ing abilities in normal hearing children with low tone per-
ception disorder scores.

Material and methods: Twelve individuals between the 
ages of 12 and 18 years were included in this study. Indi-
viduals split into two groups (first group with tone per-
ception scores low, second group with tone perception 
scores high). The study was conducted in the department 
of audiology, Hacettepe University. Individuals were as-
sessed for speech in noise test (+5, –5 SNR), tone percep-
tion impairment test, frequency pattern test (880 Hz and 
1122 Hz) with interstimulus interval of 150 ms and a 10-
ms rise/fall time.

Results and conclusions: A statistically significant dif-
ference was found between tone perception scores 42.70 
(SD±10.2) and speech in noise test (p<0.05) in first group. 
But there was no statistically significant difference between 
the tone perception scores 60.2 (SD±12.65) and speech in 
noise test (p>0.05) of second group. No statistically sig-
nificant difference was found between the tone percep-
tion scores and the frequency pattern test measurements 
among the groups.

Conclusions: These findings showed that musical per-
ception skills of individuals with the problem of speech 
discrimination in noise were low. It is necessary to work 
with more individuals in order to show the relationship 
between auditory processing with normal hearing and low 
tone perception scores.
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Symphony orchestra musicians: Reduction of 
sound exposure by physical measures

Remy Wenmaekers, Bareld Nicolai, Maarten Hornikx, 
Armin Kohlrausch

Eindhoven University of Technology

Measurements by many researchers have shown that mu-
sicians in symphony orchestras are regularly exposed to 
equivalent sound levels above 85 dB(A). Professional sym-
phony orchestras are therefore obligated to take measures 
to reduce sound levels. Since most musicians are reluctant 
to wear hearing protection devices physical measures are 
used in an attempt to control exposure levels. Examples of 
such measures are increased space between musicians, po-
sitioning brass instruments on risers, putting screens be-
tween musicians and adding sound absorption. However, 
it is unknown to what extent such measures are effective. 
It is difficult to exactly reproduce the music played by an 
orchestra under different conditions to determine the ef-
fect of measures. A solution to this problem is to simu-
late the effectivity of control measures using a prediction 
model. In the current study, a model is used to calculate 
the equivalent sound levels for a performance of the first 
2 minutes of the 4th movement of Mahler’s 1st symphony, 
representative for loud orchestral music. The model out-
come shows good agreement with measurements of the 
same excerpt. Next, the model’s geometrical and acousti-
cal input is varied to study the possible effect of control 
measures. Calculated results indicate that risers, availa-
ble space and screens at typical positions do not signif-
icantly influence sound exposure. Hypothetical screens 
that would fully surround each musician have the largest 
calculated effect for loud instrument players surround-
ed by loud sections. In contrast, changing room acous-
tic conditions has the largest impact on sound exposure 
of soft players. Our calculated results confirm measured 
results from other researchers who found similar limit-
ed reduction in sound exposure after introducing physi-
cal measures. It seems impossible for physical measures 
to be effective enough to replace hearing protection de-
vices such as ear plugs. Besides, given the fact that often 
higher equivalent sound levels occur during individual 
rehearsal compared to group rehearsal, most musicians 
are better off playing in the orchestra than rehearsing at 
home. Still, many musicians only focus on taking meas-
ures when playing in the orchestra or even blame the or-
chestra for bad working conditions. It seems that musi-
cians, playing current modern powerful instruments have 
no other choice than to protect their ears with ear plugs 
under all circumstances if they wish to avoid the risk of 
developing hearing damage.

FP59

Music-induced hearing loss in youngsters 12–19 
years of age: A longitudinal survey

Margreeth van den Berg1, Jan de Laat1, Wouter 
Dreschler2

(1) Leiden University Medical Centre
(2) Academic Medical Centre

This study describes research on the hearing of youngsters 
12–19 years of age who are exposed regularly to music 
noise. The study involves behavioural determinants and 
long-term effects with respect to hearing capacity.

Subjects: 477 young people, 12–14 years of age, participat-
ed in the initial measurements, 289 of them have complet-
ed the detailed behaviour questionnaire, and 149 of them 
participated in the final measurements, 5 years after the 
initial measurements.

Results: A. Results in terms of behaviour: 1) Young people 
often use personal music players at high noise levels and 
they regularly attend school discos and parties with loud 
music. 2) The awareness of the risk of exposure to loud 
music noise seems to increase in young people. Howev-
er, this does not reflect in changes in lifestyle: young peo-
ple know of the existence of personal hearing protection 
but the application takes it only very slowly. 3) The low-
er level of education seems to be correlated significantly 
to other factors, such as encouraging each other to find 
loud music nice, long listening to loud music, and alcohol 
consumption. B. Results in terms of long-term impact: the 
average audiogram shows an average hearing loss of 5 dB 
for the high frequencies, 1 kHz to 4 kHz, after 5 years of 
exposure to noise music. This effect is significant. In ad-
dition, almost 50% of all young people complains about 
tinnitus after exposure to noise music. In this study, 8% of 
the participants suffer from a permanent beep in the ears.

Recommendations from this study:
1)  requirement of adequate information on this topic at 

the primary school;
2)  focus on hearing during contact by a paediatrician at 

elementary and secondary schools;
3)  enforcement actions in discos, etc. with regard to noise 

level, provision of personal hearing protection, chill-
out rooms, etc.
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Therapeutict effect of Metformin for noise-
induced hearing loss

Özge Gedik¹, Remzi Doğan¹, Mehmet Ali Babademez², 
Ersin Karataş³, Mehmet Şerif Aydın¹, Abdurrahim 
Koçyiğit¹, Mukaddes Eşrefoğlu¹, Orhan Özturan¹

(1) Bezmialem Vakıf Üniversitesi
(2) Ankara Yıldırım Beyazıt Üniversitesi
(3) Gebze Teknik Üniversitesi

Metformin is known it has antioxidant property. In this 
study our aim is research curative effect of Metformin for 
noise-induced hearing loss.

32 Sprague-Dawley female rats, separated into 4 groups, 
were included in our study. At the begining of the study 
electrophysiological measurements (DPOAE and ABR) 
were measured from all rats. During 8 h at 100 dB SPL 
wide-band noise was exposed to Group 1 and Group 2 af-
ter basal measurements. After basal measurements, from 1st 
day to 14th day, Metformin was given to Group 2 and Group 
3 (group 3 was not exposed to noise). Group 4 was never 
exposed to noise and/or Metformin. All of the groups had 
been DPOAE and ABR tested after noise exposed 1st, 7th, 
and 14th day. Intelligent Hearing System (IHS) had been 
used for DPOAE and ABR measurements. DPOAE meas-
urement had been done 358, 498, 701, 997, 1401, 1977, 
2834, 4002, 5636, 7988, 11.288, 15.991, 22.608 kHz. ABR 
measurements han been done click stimulus and 8 kHz, 
16 kHz, 20 kHz and 32 kHz toneburst stimulus. After 14th 
day, intracardiac blood sample had been taken all of the 
rats and cochlear excision had been done for biochemi-
cal and histological research.

Results: DPOAE and ABR value of group 2 (Metformin 
had given) after noise exposed, hearing threashold statis-
tically better than group 1 (Metformin had not been giv-
en). Both of the groups which exposed to 8 h 100 dB SPL 
wide-band noise, first day after noise exposed, damage of 
DNA elevated than the other groups. At group 2 which 
Metformin had been given, damage of DNA was fewer 
than group 1 which Metformin had not been given at last 
14{th day. At group 2 total antioxidant status was higher 
than group 1 (Metformin had not been given). At group 1 
oxidative stress index was higher than the other groups. In 
our study, there was no different morphological aspect in 
light microscopic evaluation at spiral ganglion, stria vas-
cularis, and organ of Corti cells all of the groups. But if 
we had electron microscopic evaluation, we thought that 
we could find some variation between groups.

Conclusions: Our results show that noise exposure caus-
es DNA damage and Metformin has antioxidant proper-
ty and it has therapeutic effect of NIHL.
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An English smartphone digits-in-noise hearing 
test: Effect of age, hearing loss, and language 
competence

Jenni-Mari Potgieter1, De Wet Swanepoel1, Herman 
Myburgh1, Cas Smits2

(1) University of Pretoria
(2) VU University Medical Center

Background: This study determined the effect of age, hear-
ing loss, and language competency on the South African 
English digits-in-noise hearing test to evaluate its suitabil-
ity for use across native and non-native speakers.

Material and methods: A prospective cross-sectional co-
hort study of native and non-native English South African 
adults with and without sensorineural hearing loss com-
pared pure-tone air conduction audiometry to the speech 
reception threshold (SRT) recorded with the smartphone 
digits-in-noise hearing test. A rating scale was used for 
non-native English listeners’ self-reported competence in 
speaking English. This study consisted of 454 adult sub-
jects (164 male, 290 female; range 16–90 years), of which 
337 subjects had the best ear pure-tone average thresh-
old (PTA)(500, 1000, 2000, and 4000 Hz) of ≤25 dB HL.

Results: A linear regression model identified three pre-
dictors of the digits-in-noise SRT namely PTA (best ear 
>25 dB HL), age, and self-reported English-speaking com-
petence. The non-native group with a poor self-reported 
English competence rating (≤5/10) performed significantly 
(p<0.01) poorer than the native (N) and non-native (NN) 
(≥6/10) group on the digits-in-noise test. Screening char-
acteristics of the test improve with separate cut-off values 
for the N and NN (≥6/10) group and NN (≤5/10) groups. 
Logistic regression models, that include age in the analy-
sis, showed a further improvement for both groups (area 
under the ROC curve 0.962 and 0.903 respectively).

Conclusions: Self-reported English competence had a sig-
nificant influence on the SRT obtained with the smart-
phone digits-in-noise test. A logistic regression approach 
considering SRT, self-reported English competence and 
age as predictors of best ear PTA >25 dB HL provides an 
accurate screening tool for native and non-native Eng-
lish speakers. The smartphone digits-in-noise test, there-
fore, allows testing in a multilingual population familiar 
with English digits using dynamic cut-off values adjusted 
according to self-reported English competence and age.
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Comparison of Spanish speech audiometry tests 
used with cochlear implant listeners

Sabine Hochmuth1, José Manuel Gorospe Arocena2, 
Enrique A. Lopez-Poveda3, Birger Kollmeier1

(1)  Medizinische Physik and Cluster of Excellence Hering4all, 
Universität Oldenburg, Germany

(2)  Unidad de Foniatría, Logopedia y Audiología Infantil, 
Servicio ORL, Hospital Universitario de Salamanca, Spain

(3)  Instituto de Neurociencias de Castilla y León, Universidad de 
Salamanca, Spain

Background: The present study aimed at (1) assessing 
speech-in-noise recognition thresholds for cochlear im-
plant (CI) users with different speech audiometry tests 
available for the Spanish language and (2) comparing re-
sults on an international basis.

Material and methods: Speech recognition threshold were 
measured for 24 CI users using three speech-in-noise tests: 
the Spanish matrix sentence test (MT), the Spanish hear-
ing-in-noise test (HINT), and the Spanish digit triplet test 
(DTT). Results were compared across the different tests 
and with results for a disyllabic word test in quiet, a com-
mon clinical reference test in Spain. As a control, tests 
were applied to a group of six normally hearing listeners.

Results: Moderate to high correlations were found across 
scores in all the speech in noise tests. The highest correla-
tion was between the Spanish MT and the Spanish DTT. 
Almost no correlations were observed between scores for 
the word test in quiet and scores in noise. Thresholds were 
comparatively higher for the present participants than for 
CI users with similar characteristics (age, CI experience) 
tested in other languages. Results of the normally hear-
ing control group were comparable to the reference data. 
The number of CI users capable of performing the tests 
decreased with increasing the linguistic complexity of the 
test: one-fourth of the CI listeners failed to complete the 
Spanish HINT (the most complex test); three CI listen-
ers were not able to complete the first of two training lists 
of the Spanish MT but were able to complete the second 
training list and the actual test. All CI users were able to 
complete the Spanish DTT, the least complex test.

Conclusions: When comparing the practical feasibility 
and efficiency, closed-set tests with international compa-
rability are preferable, i.e. the MT for clinical purposes and 
the DTT for a quick, but less balanced first assessment.

FP63

Recognition performance for the Hebrew words-
in-noise test (WIN-H) in 6- to 12-year-old 
children

Hanna Putter-Katz, Nitza Horev

Ono Academic College

Background: The Words-in-Noise (WIN) Test (Wilson, 
2003), is used to quantify the ability of English speaking 
adults to understand speech in a background of multital-
ker babble, and can be used with children as young as 6 
years of age (Wilson et al., 2010). The purpose of the cur-
rent study was to establish normative data for Hebrew 
speaking children on the Hebrew version of the WIN Test 
(WIN-H) and to describe the developmental course of 
monosyllabic words identification in the presence of en-
ergetic (6-talker babble noise) and informational (2-talk-
er babble noise) masking.

Material and methods: 272 normal hearing children in 7 
age groups, ranging in age from 6 to 12 years participat-
ed. The Hebrew WIN test consists of two lists of 35 com-
mon CVC words mixed with 2 or 6 talkers babble noise, at 
7 SNRs from 24- to 0-dB SNR in 4-dB decrements. Each 
child listened to two lists, for open-set identification: one 
list was delivered with 2 talker masker, and the other with 6 
talker masker. The WIN-H results were quantified in terms 
of the 50% point calculated with the Spearman–Kärber 
equation. Additionally, standardized Hebrew vocabulary 
test (the Shemesh naming test, Biran and Friedman, 2005) 
and the Wechsler digit span sub-tests were administered.

Results: Recognition performance improved with age re-
sulting in 5–6 dB SNR difference in the 50% point be-
tween the youngest and the oldest age groups. The biggest 
improvement occurred between the ages of 6 and 9 years. 
For all age groups, recognition performance was better 
for six-talker masker than for two-talker masker. In addi-
tion to the age effect, WIN-H performance was correlated 
both to vocabulary score and to backward digit span score.

Conclusions: The Hebrew version of the WIN Test (WIN-
H) can be used to test speech in noise recognition perfor-
mance in 6–12 years old children. Identification of CVC 
in noise was affected by age and masker type, and was re-
lated to expressive vocabulary and to short term memo-
ry measures.
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Evaluation of internationally compatible speech 
test in noise for the pediatric population

Anna Warzybok¹, Ekaterina S. Garbaruk², Marina 
Goykhburg³, Zarema Merza⁴, Giusepinna Emma 
Puglisi⁵, Carla Montuschi⁶, Federica di Berardino⁷, Diego 
Zanetti⁷, Fatma Sellami⁸, Kirsten C. Wagener⁹, Inga 
Holube¹⁰, Arianna Astolfi⁵, Roberto Albera⁶, Pavel A. 
Pavlov⁴, George Tavartkiladze¹¹, Birger Kollmeier¹

(1)  Carl von Ossietzky University of Oldenburg, Cluster of 
Excellence Hearing4all

(2)  Saint Petersburg State Pediatric Medical University, 
Academician I.P. Pavlov First St Petersburg State Medical 
University

(3)  National Research Centre for Audiology and Hearing 
Rehabilitation

(4) Saint Petersburg State Pediatric Medical University
(5) Politecnico di Torino
(6) Università degli Studi di Torino
(7)  I.R.C.C.S. Fondazione “Cà Granda”, Osp.le Maggiore 

Policlinico, University of Milan
(8)  Carl von Ossietzky University of Oldenburg, VI. School of 

Medicine and Health Sciences, Department for Medical 
Physics and Acoustics

(9) Hörzentrum Oldenburg, Cluster of Excellence Hearing4All
(10)  Jade University of Applied Sciences, Cluster of Excellence 

Hearing4All
(11)  National Research Center for Audiology and Hearing 

Rehabilitation

Background: Reliable and internationally compatible 
speech audiometry in noise for adults as well as for chil-
dren is of great importance for hearing diagnostics and re-
habilitation. This contribution reports evaluations of the 
simplified Matrix sentence test (shortMatrix) in German, 
Italian, and Russian for internationally comparable and 
accurate speech audiometry in children.

Material and methods: The shortMatrix test consists of a 
21-word base matrix from which speech phrases of a fixed 
structure are generated (e.g., ‘eight red windows’). For all 
languages, 7 out of 10 numerals, adjectives, and nouns 
were selected from the standard version of the Matrix test 
taking into account words the children are familiar with. 
Furthermore, the phoneme distribution of the base matrix 
was compared to the language-specific phoneme distribu-
tion. Each of the 10 test lists consists of 14 speech phrases 
and each word is represented exactly two times in a list. 
First, speech recognition measurements were conducted 
with 50 young, normal-hearing adults (20 in Italy and Rus-
sia, and 10 in Germany) to prove the equivalency of the 
test lists and to obtain reference data for adults. Then, the 
test was evaluated with 204 normal-hearing children (96 
in Italy, 63 in Russia, and 45 in Germany) in order to es-
tablish reference data for children from 5 to 10 years old 
and to assess test–retest reliability of the test.

Results: In all three languages, the test lists are equivalent 
in intelligibility with a standard deviation in speech recep-
tion threshold of 0.2 dB across the test lists. The training 
session requires presentation of 1 list only. The slope of the 

test-specific intelligibility function for children is slightly 
lower than for adults and ranges from 9%/dB for German 
to 12.7%/dB for Russian. Children require about 2-dB bet-
ter signal-to-noise ratio than adults to correctly recognize 
50% of presented speech material. Test–retest reliability is 
comparable across different age groups of children and be-
tween children and adults.

Conclusions: The shortMatrix test was shown to be a re-
liable test for speech intelligibility measurements in noise 
for children.

FP65

Pediatric speech audiometry in noise: validation 
of the Italian simplified matrix test with children

Federica Di Berardino1, Elena Giustolisi2, Diego Zanetti2, 
Birger Kollmeier3, Anna Warzybok3

(1)  I.R.C.C.S. Fondazione “Cà Granda”, Osp.le Maggiore 
Policlinico, University of Milan

(2)  Audiology Unit, I.R.C.C.S. Fondazione “Cà Granda”, Osp.le 
Maggiore Policlinico, University of Milan, Italy

(3)  Medical Physics and Cluster of Excellence H4a, Department 
of Medical Physics and Acoustics, Carl von Ossietzky 
University of Oldenburg, Oldenburg, Germany

Background: Speech audiometric sentence tests are crucial 
for high-quality diagnostics of hearing impairment and re-
habilitation purposes,. The simplified Matrix test was pro-
posed as internationally compatible and accurate tool for 
assessment of speech intelligibility in noise. This contri-
bution reports validation of the simplified Italian Matrix 
test for accurate diagnostics of hearing deficits in children.

Material and methods: Speech material of the simplified 
Matrix test consists of 21-word base matrix (7 numerals, 
7 adjectives, and 7 nouns) used to generate semantically 
unpredictable speech phrases of a fixed grammatical struc-
ture (e.g., eight red tables). Speech intelligibility measure-
ments in noise were conducted with children aged from 5 
to 10 years divided in 3 age groups. In each age group chil-
dren with different hearing status (normal-hearing, hear-
ing-impaired with mild, moderate and severe hearing loss) 
were involved. After one training list of 14 speech phases 
presented at a fixed signal-to-ratio, speech intelligibility 
was measured adaptively at 80% speech reception thresh-
old (SRT80). In all measurement speech-shaped noise was 
used as a masker. In addition to the speech audiometry in 
noise, all hearing-impaired children underwent otomicros-
copy, pure tone, and immitance audiometry.

Results: Considering normal-hearing children, no statis-
tical differences in SRT80 were found between children in 
age of 7 to 10 years old. The youngest group showed signif-
icantly higher (worse) thresholds than older groups. High 
test–retest reliability of about 1.0 dB was observed for all 
age groups. Hearing-impaired children performed worse 
than the children with normal hearing. Test sensitivity and 
specificity will be reported as well as correlation between 
pure tone audiometry and speech in noise thresholds.
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Conclusions: The simplified Italian Matrix test was shown 
to be an accurate and sensitive tool for diagnostics of hear-
ing impairment in children. The Italian test is also com-
patible with the tests in other languages what increases 
the comparability of speech audiometry in children across 
different countries.

FP66

Validation of the Turkish matrix sentence test in 
noise

Meral Didem Türkyılmaz¹, Bünyamin Cildir¹, Mehmet 
Yarali¹, Gonca Sennaroğlu¹, Kamil Adiloglu², Anna 
Warzybok³, Birger Kollmeier⁴, Melanie Zokoll⁵

(1) University of Hacettepe
(2) HörTech gGmbH and Cluster of Excellence “Hearing4all”
(3)  University of Oldenburg, Cluster of Excellence “Hearing4all”
(4)  University of Oldenburg, Cluster of Excellence “Hearing4all” 

and Hörzentrum Oldenburg GmbH, Cluster of Excellence 
“Hearing4all”

(5)  HörTech GmbH and Cluster of Excellence “Hearing4all” and 
Hörzentrum Oldenburg GmbH and Cluster of Excellence 
“Hearing4all”

Background: Listeners with hearing impairment first no-
tice problems in complex listening environments like con-
versations in noisy backgrounds. Those difficulties are not 
well reflected by pure tone audiogram findings. The matrix 
test constitutes a speech audiometric tool to assess infor-
mation in addition to pure-tone audiogram, i.e., possible 
supra-threshold distortions in the auditory system due to 
hearing impairment. Its syntactically equal, but semanti-
cally unpredictable sentences (e.g., “Steven prefers three 
large windows”) are generated from a closed set of 5×10 
words in a seemingly random fashion. Using an adaptive 
procedure, the test determines the patient’s speech recep-
tion threshold (SRT), i.e., the signal-to-noise ratio (SNR) 
or signal level yielding 50% speech intelligibility. This con-
tribution presents validation results for the Turkish ma-
trix test (TURMatrix) in noise and quiet.

Material and methods: In total, 120 native listeners of 
Turkish (aged between 18 and 80) participated in this 
study. 40 of them had normal hearing (pure-tone thresh-
olds below 20 dB HL at octave frequencies between 0.25 
and 8 kHz), 80 a hearing loss (pure tone average, PTA 0.5, 
1, 2, 4 kHz ≤60 dB HL; 10 dB maximum air–bone gap). 
SRTs in quiet and noise were obtained by presenting lists 
of 20 sentences each either 1) monaurally via headphones, 
or 2) in free field (S0, S0N0, S0N90, or S0N270). For SRT 
in noise, the test-specific noise was used and for monaural 
headphone measurements also the fluctuating ICRA5_250 
noise. Noise level was fixed at either 65 dB SPL or, for lis-
teners with PTA >55 dB HL at 80 dB SPL. Responses were 
counted in the open-set response format by word scoring. 
To observe test–retest reliability, all subjects completed two 
test sessions, approx. 3–5 days apart. SRTs were correlated 
to the hearing abilities. For comparison purposes, similar 
data were collected for the Turkish monosyllabic and tri-
syllabic test in the same listeners.

Results and conclusions: The TURMatrix was found to 
provide reliable Results: for most of the conditions, mean 
pair-wise differences between test and retest were about 
±1 dB, test–retest reliabilities were between about 1 and 
2 dB. The two extremes were found for monaural head-
phone measurements in test-specific (1 dB), and modu-
lated noise (2 dB), respectively. It can be concluded that 
the TURMatrix is a sensitive diagnostic tool.

FP67

Preliminary results of Turkish stationary speech 
in noise test for adults

Emre Gürses¹, Aysun Parlak Kocabay², Meral Didem 
Türkyilmaz¹, Suha Yagcioglu³

(1)  Hacettepe University, Faculty of Health Sciences, Department 
of Audiology

(2) Hacettepe University, Faculty of Health Sciences
(3) Hacettepe University, Faculty of Medicine

Background: Evaluating speech in noise performance has 
a key role to determine functional hearing performance in 
enviromental conditions especially for patients with hear-
ing loss and hearing amplification users. Our objective was 
to develop valid and reliable Turkish stationary speech in 
noise test and determine normative values for young and 
middle age adults. The goal was to design a fast, automat-
ed, easy to use test to identify difficulties in speech com-
munication especially for people with hearing loss and 
hearing amplification users.

Material and methods: All participants underwent hear-
ing test. Normal pure tone results and speech in noise 
scores more than 92% were included the current study. 
A total of 52 (37 F, 15 M) healthy subjects with no com-
plaints of hearing understanding in noise, active middle 
ear infection, or history of middle ear pathology were eval-
uated. Participants aged betwen 20–39 as young adults 
group (mean age: 28.45 SD=6.26) and 40–65 as middle-
aged adults group (mean age: 49.30 SD=5.48). Turkish 
multitalker babble noise and phonetically balanced mon-
osyllabic word list was mixed and presented at +10 dB, 
+6 dB, 0 dB, and –6 dB HL speech in noise ratio via cal-
ibrated earphones.

Results: The reference range for the Turkish stationary 
speech in noise test for young adults was established at 
88.76% for +10 sin, 85.12% for +6 sin, 76.96% for 0 sin, 
31.52% for –6 sin or more of correct answers, while for the 
middle-aged adults it stood at 85.04% for +10 sin, 68.00% 
for +6 sin, 68.00% for 0 sin, 24% for –6 sin or more of cor-
rect answers. There were no significant associations be-
tween the results at all speech in noise ratios and gender.

Conclusions: Evaluation of pure tone thresholds is insuf-
ficient in evaluating functional hearing ability. Since there 
were no reference values available for the Turkish popu-
lation, in this study we have estimated the results of four 
different stationary speech in noise ratios.

13th Congress of the European Federation of Audiology Societies

47© Journal of Hearing Science®  · 2017 Vol. 7 · No. 2 Suppl. 



FP68

Evalution of Turkish matrix test in free-field 
sound chamber at different signal/noise ratios

Zahra Polat¹, Serpil Hulya Ahmet², Merve Çinar¹, Ceyda 
Kanak¹, Ahmet Ataş¹

(1) İstanbul Üniversity
(2) Istanbul Kemerburgaz University

Background: The aim of this study is to measure the per-
formance of the young adults with normal hearing in un-
derstanding speech in noise using Turkish matrix test and 
establish a normalization data to use in free-field tests. The 
results of this study could be used in the assessment of 
hearing ability of cochlear implant and hearing aid users.

Material and methods: 77 volunteers with normal hearing, 
22 male and 55 female, participated in this study. The age 
range of the volunteers is 18–30 (mean 22.25±2.7). The sig-
nal-to-noise ratio, which the participants achieve a speech 
intelligibility performance of 20%, 50%, and 80% was de-
termined using the adaptive method. Furthermore, speech 
intelligibility scores were determined for all participants by 
applying a different signal-to-noise ratio with non-adap-
tive method and by changing the direction of the noise.

Results: The mean and standard deviation of the PTA val-
ues are 3.73±2.8 dB HL. The mean and standard deviation 
values of the Adaptive Matrix SRT in Quiet for 20%, 50%, 
and 80% are found as 18.48±2.6, 22.69±3, and 26.64±3.6 
dB SPL respectively. The intelligibility scores obtained at 
–10 dB, –5 dB, 0 dB, and +5 dB SNR when noise was pre-
sented from the rear were found significantly different from 
the values when noise was presented from the front direc-
tion (p<0.05). Adaptive Matrix SRT in Noise values were 
also obtained different for front and rear noise presenta-
tion conditions and this difference was also found statis-
tically significant (p<0.05).

Discussion: It can be found in the literature that the num-
ber of participants is limited when the normalization stud-
ies are examined. Since the number of participants in our 
study is higher, it is considered that more accurate statis-
tical results are obtained. Another limitation of the stud-
ies in the literature is to evaluate participants with head-
phones. So, the results do not refer to the evaluation of 
patients using cochlear implants and hearing aids in free 
field. For this reason, in our study measurements were 
made in free-field.

Conclusions: Findings in our study show that CI users 
need better SNR values to provide 50% speech intelligi-
bility when compared to the results of matrix test studies 
with CI users in the literature. As a result, normalization 
values are thought to be a reference value, especially for 
patients using cochlear implants and hearing aids.

FP69

The effect of acoustic, phonetic, and 
lexical variables on recognition of Hebrew 
monosyllabic words presented in noise

Nitza Horev, Hanna Putter-Katz

Ono Academic College

Background: Measuring recognition performance of mon-
osyllabic words presented in noise helps to demonstrate 
the communication disability that people with hearing 
loss are experiencing, elucidating the deficient bottom-up 
processes. In order to build equivalent and balanced word 
lists in Hebrew for speech-in-noise testing, it is necessary 
to characterize the factors that affect auditory decoding. 
The purpose of the present study was therefor to exam-
ine the acoustic, phonetic and lexical variables that may 
predict recognition performance for Hebrew CVC words 
presented in babble noise.

Material and methods: 30 young, normal hearing Hebrew 
speakers listened to 275 CVC words presented with eight 
talkers babble noise at four signal-to-noise ratios (–7, –2, 
+3, +8 dB SNR). The 50% point in dBSNR was calculated 
for each word. Regression and variance analysis examined 
which lexical, phonetic and acoustic factors affected the 
50% point. In addition, for each SNR and for each pho-
neme, error analysis was conducted.

Results: The selected variables explained 50.6% of the 
variance in the 50% point [predicting variables (p<0.05) 
by order: final consonant voicing, word familiarity, initial 
consonant sonority, word duration, initial consonant voic-
ing, initial consonant manner]. Significant negative cor-
relations were found between 50% point and word dura-
tion and word familiarity, indicating that longer and more 
familiar words were easier to recognize. Significant main 
effects were found for vowel identity, consonant voicing 
and for consonant sonority. Initial and final phonemes 
were affected differently by these last phonetic factors: in 
final position, voiceless consonants were easier to identi-
fy compared with voiced consonants, whereas in initial 
position sonorants were easier to identify compared with 
obstruents. Error analysis also enabled to scale Hebrew 
phonemes according to the ease of identification in noise.

Conclusions: When building monosyllabic speech-in-
noise test, it is important to balance the phonemic distribu-
tion separately for initial and final consonants and to take 
into account the familiarity of the words. The 50% point for 
each word can be used to create word lists that will elicit 
equivalent performance in noise. In addition, error anal-
ysis results may aid in building hierarchical intervention 
programs for improving speech-in-noise understanding.
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Properties of the “Oldenburger Satztest” matrix 
test: Short-term and long-term learning, age 
dependency, test–retest accuracy, effect of 
procedure

Stefan Brill

MED-EL GmbH Deutschland

Background: The “Oldenburger Satztest” matrix test 
(OlSa) is in widespread use in audiology in German-speak-
ing countries. Short-term learning effects have been re-
ported, however more knowledge about long-term effects, 
age dependency, test–retest accuracy and the influence of 
the method of conduction is necessary. We therefore per-
formed four experiments to investigate these possible in-
fluences. Monte Carlo simulations were used to investi-
gate the effect of limited speech understanding.

Material and methods: Test subjects were normal hear-
ing listeners. Experiment 1 was about short-term learning, 
experiment 2 about long-term learning. In experiment 3, 
the effect of the age of the subjects was investigated. Ex-
periment 4 was about the effect of the test procedure: 1) 
noise level constant, speech level adaptive, 2) speech lev-
el constant, noise level adaptive, 3) no noise, speech lev-
el adaptive. In Monte Carlo simulations, the 50 different 
words of the test were used with their individual psycho-
metric function as collected from experiment 1. ANO-
VAs and Tukey HSD tests were used for statistical analysis.

Results: Subject’s gender is of no influence. Short-term as 
well as long-term effects are statistically significant. Open 
and closed set conduction yield different results and in 
both short-term effects exist. Age is of significant influ-
ence. Monte Carlo simulations suggest that the simulated 
subjects’ maximum performance in quiet influences re-
sults even when far above 50%.

Conclusions: The effects of short-term learning can be re-
duced by preceding the actual tests by additional training 
test runs. However, it appears as if it is not possible to re-
duce the effects of age nor long-term learning effects with 
additional test runs. For scientific questions with a large 
number of test runs as e.g. in parametric studies, the OlSa 
appears to be very well suited. However, this kind of ques-
tions does rarely occur in everyday clinical practice. Here, 
reliable results also with test repetitions in greater inter-
vals are indispensable for reliable diagnosis.
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Newborn hearing screening and factors 
influencing its Results: our experience

Nina Bozanic Urbancic, Jure Urbancic, Saba Battelino

University Medical Centre, Ljubljana, Slovenia

Before leaving the hospital the transitory evoked otoa-
coustic emissions (TEOAE) are measured (1.5% had no 
response). In all these cases newborns are referred to our 
centre. If the child is hospitalised in newborn intensive 
care unit (NICU), the auditory brainstem responses are 
measured. After the full audiology workup, only 31% of 
children remain with the unresponsive TEOAE.

Material and methods: In our retrospective study 129 chil-
dren with unresponsive TEOAE after birth and referred to 
our Centre from the June 2014 to June 2015, were includ-
ed. We have analysed the medical charts and the question-
naires taken by parents on their first visit. The question-
naire encompasses the sociological, perinatal, postnatal 
factors and family history all of which could have influ-
enced the child’s hearing. Every child was examined by 
the otorhinolaryngologist, had the tympanometry, TEO-
AE and behavioural audiometry done. In the case of bilat-
eral unresponsive TOAE, the ASSR (auditory steady state 
responses) and the auditory brainstem responses (ABR) 
have been measured.

Results: We have analyzed the relationship between paren-
tal age, family history of hearing loss or deafness, mater-
nal infections (toxoplasmosis and CMV), hospitalization 
in NICU, ear status (cerumen, narrow ear canals), birth 
weight, term of delivery and subjective hearing evaluation 
(made by parents) regarding the results of Universal new-
born hearing screening.

Conclusions: We found no strong correlation between 
tested factors and the hearing screening results. We think 
that one of the reasons could be the small number of par-
ticipants, but then some larger studies had a similar prob-
lem. We think there could be a set of not uniformly defined 
factors that could influence the unresponsiveness of TE-
OAE after birth. We find that recognition of such factors 
could help better define the group of children who need 
our special attention for a longer period of time. Our own 
study implied we should have a central database of chil-
dren with unresponsive TEOAE.
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FP72

Follow-up at the diagnostics level in the Polish 
universal neonatal hearing screening program

Grażyna Greczka, Monika Zych, Maciej Wróbel, Piotr 
Dąbrowski, Joanna Szyfter-Harris, Witold Szyfter

Poznan University of Medical Science

Background: Polish Universal Neonatal Hearing Screen-
ing Program (PUNHSP) consists of three levels: first, ne-
onatology – the otoacoustic emission test and collecting 
data about risk factors for hearing loss; second, ENT and 
audiology – diagnosis of hearing loss; and third, inter-
vention – treatment of children with a diagnosed hearing 
loss. On average 8.9% children from the first level are re-
ferred to the second level.

Material and methods: The analysis and the study were 
performed in a group of children born between June 1, 
2014 and November 30, 2014, registered in the PUNHSP 
Central Data Base (CDB) (n=182,978) at the hearing 
screening level. Among children requiring further diag-
nosis, 3,239 children without visit on diagnostic level were 
selected to the telephone survey in order to analyze the 
reasons for not reporting to the control visit.

Results: The telephone survey showed that only 5.9% of 
newborn infants required further diagnosis at the sec-
ond level. Remaining children had mistakenly entered at 
the first level as requiring diagnostic visit or come up to 
the diagnostic visit but were not marked in the CDB. The 
main reason for not coming to the second PUNHSP lev-
el included a long waiting time for the visit at the diag-
nostic level (36.09%), lack of referral to visit (25.9%), con-
scious parental decision not to come for a visit due to a 
lack of noticeable signs of hearing loss (16.35%), child’s ill-
ness at the time of the arranged visit (7.43%), no need for 
the visit as determined by a GP (4.88%), parents forget-
ting about the visit (2.76%), parents lack of time (1.27%), 
too large distance to the second level (0.63%), and child’s 
death (0.21%).

Conclusions: The actual percentage of children diagnosed 
at the second PUNHSP level was established to be 83.6%. 
This result is comparable to countries which have similar 
programs implemented.

FP73

14 years of the Polish universal neonatal hearing 
screening program

Monika Zych, Grażyna Greczka, Piotr Dąbrowski, Maciej 
Wróbel, Joanna Szyfter-Harris, Witold Szyfter

Poznan University of Medical Science

Background: Polish Universal Neonatal Hearing Screen-
ing Program (PUNHSP) has been running in Poland since 
2003. The aim of the program is to perform hearing screen-
ing in 2–3 day of newborn’s life with an analysis of risk fac-
tors that predispose to hearing loss. The program involved 

501 centers based on three references levels: early detection 
of hearing loss, audiological diagnosis, and intervention.

Material and methods: From 1 January 2003 to 9 Febru-
ary 2017 there were 5,251,012 children registered in the 
Central Database of Polish Universal Neonatal Hearing 
Screening Program. It represents 97% of the newborn pop-
ulation born at that time in Poland. In this period various 
degrees of hearing loss were recorded in 13,797 children.

Results: 8.9% (464,832) children who had been screened 
on the first level were sent for further diagnosis. The me-
dian age of the diagnosis during the analyzed period was 
82.3 days. According to the Central Database of the Pro-
gram and telephone survey, 83.6% of children who had 
been targeted for further diagnosis were recorded and di-
agnosed in laryngological and audiological centers. Bilat-
eral sensorineural hearing loss was diagnosed in 46.0% 
children, conductive in 17.0% children, and mixed in 9.3% 
children. In contrast, single-sided sensorineural hearing 
loss was diagnosed in 13.5% children; conductive in 10.6% 
children; and mixed in 3.7% children. All children that 
were diagnosed with hearing loss were referred to third-
level centers in order to apply the appropriate treatment: 
hearing aids, 59.0% of children; rehabilitation, 32.6%; sur-
gical treatment, 8.4%.

Conclusions: PUNHSP is the biggest preventive health 
Program in Poland which has been successfully conduct-
ed for more than 14 years. It was created as a citizens’ in-
itiative together with The Great Orchestra of Christmas 
Charity Foundation with cooperation of neonatologists, 
otolaryngologists, and audiologists. It is estimated that 
any hearing loss greater than 20 dB occurs in about 2–3 
per 1000 children born in Poland.

FP74

Auditory processing screening in children of 
school age (11 to 13 years)

Mariana Pais Andrade, Margarida Serrano

Instituto Politécnico de Coimbra, ESTESC – Coimbra Health 
School, Audiology, Portugal

Background: This study aimed to verify the prevalence of 
auditory processing disorders in school-age children and 
to correlate the results of screening tests with the results 
of the P-CHAPPS scale.

Material and methods in this study we used an anamne-
sis that asked questions about the child’s school develop-
ment, history of hearing loss, hearing difficulties and the 
dominant hand. Then we did the following tests to de-
tect hearing dysfunctions: Otoscopy, tympanogram, and 
hearing screening. Then there was some central auditory 
processing (CAP) tests like sound localization, sequential 
memory for verbal sounds and nonverbal sounds and the 
SSW test. For this study we used a joint definition of the 
various theories for central auditory processing distur-
bances (CA): all study participants with abnormal results 
in at least one ear and at least two CAP tests (and at least 
one of those tests being non-verbal). Participants with only 
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one out-of-normal test in one or both ears were classified 
depending on their anamnesis on specific questions. Two 
positive answers on any of these questions, along with an 
altered test, classified the child as having CA.

Results: The sample consisted of 40 children. With the def-
inition used in this study we found 11 children (27.5%) 
who have criteria to be considered as having a CA; Us-
ing the ASHA definition, we have only 3 children (7.5%) 
who can be considered as possessors of a CA; Regarding 
the correlation between CHAPPS and the prevalence of 
CA, we noticed that there is no significance between any 
of the items, however, the correlation between the subscale 
“CHAPPS attention” and presence of CA is marginally sig-
nificant. Using the ASHA definition the same happened, 
no significance noted. Regarding the CAP tests there was 
significance between the total of the scale and the non-
verbal memory test errors. In the case of the 11 children 
classified as having CA there were correlations of the non-
verbal memory test with the memory subscale of CHAPPS 
and also with the total of scale. We also have correlation of 
the bilateral SSW test with the memory subscale.

Conclusions: We conclude that: there is correlation be-
tween the P-CHAPPS scale and only one auditory process-
ing test; according to the theory used to define CA, prev-
alence increases or decreases, and there should be more 
studies in order to universalize theories and to build a gen-
eral protocol for defining and testing auditory processing, 
especially in screening.

FP75

Congenital cytomegalovirus infections require 
a screening and a follow-up program for 
sensorineural hearing loss and other sequelae

Katrin Neumann¹, Khalid Shahada², Klaus Überla³, 
Thomas Lücke¹, Stefan Dazert¹, Stefan Volkenstein¹, 
Emmanouela Dimitrakopoulou¹, Harald A. Euler1,⁴

(1) Ruhr University Bochum, Germany
(2) Hamad Medical Corporation, Doha, Qatar
(3) University Erlangen, Germany
(4) University of Vienna, Austria

Purpose: Congenital CMV infection is the most common 
non-genetic cause of a sensorineural hearing loss in devel-
oped countries and an important reason of microcephaly, 
neurodevelopmental delay, seizure disorders, and cerebral 
palsy. Only 10% of congenital CMV (cCMV) infections 
lead to symptoms after birth, however about 6–23% of the 
infected neonates develop a sensorineural hearing loss at 
later ages (Fowler & Boppana 2006). Screening programs 
for cCMV infections are under evaluation. Antiviral ther-
apy of symptomatic children and timely treatment of the 
symptoms has been shown to effectively reducing the risk 
of long-term impairments. The CMV virus may cumulate 
in the cochlea and can be detected during a cochlear im-
plantation of a cCMV infected child.

Material and methods: In an international project running 
in Germany and Qatar 12,000 neonates undergo a CMV 
screening by real-time PCR-based testing of liquid saliva 

specimens. If a congenital CMV infection is confirmed, 
babies are enrolled in a 6-year follow-up program. If a 
cochlear implantation of a cCMV-deafened child becomes 
necessary, the perilymph is examined for CMV by PCR.

Results: By the end of 2016, CMV screenings (specificity 
99.7%, sensitivity 100%) of 3242 neonates from Germany 
and 1687 neonates from Qatar identified cCMV infections 
of 14 babies in Germany and of 4 babies in Qatar, corre-
sponding to a prevalence of 0.4 and 0.2%, respectively. Ba-
bies were enrolled in treatment and follow-up programs. 
Four of the initially asymptomatic children developed 
symptoms during their first year of life. Of five CMV-in-
fected children who underwent cochlear implantation, vi-
rus DNA has been detected in the perilymph in two cas-
es, in one of them under antiviral medication.

Conclusions: The high prevalence of congenital CMV in-
fections and their lifelong sequelae call for action with re-
spect to the implementation of screening, follow-up, pre-
vention, and intervention programs which seem to be 
feasible and effective. In case that a cCMV infection is sus-
pected, virus diagnostics of the perilymph during coch-
lear implantation may provide valuable diagnostic and 
prognostic hints (Ramirez Inscoe & Nikolopoulos 2004).

* Funded by Qatar National Research Fund, NPRP 
7-1845-3-480.

FP76

Optimization of the Flemish digit triplet test for 
school-age hearing screening

Sam Denys, Michael Hofmann, Astrid van Wieringen, 
Jan Wouters

KU Leuven

In Flanders, systematic school-age hearing screenings in 5th 
grade elementary (5E) and 3rd grade secondary (3S) school 
children are performed with the Flemish Digit Triplet Test 
via school health services. This adaptive speech-in-noise 
self-test is performed using a portable tablet platform.

Based on the results of 14,058 screened ears, normative 
speech reception thresholds (SRTs) were determined for 
children aged 9 to 16 years old. Also, optimal referral cri-
teria (SRTs) were determined to minimize false positive 
and maximize true negative rates with respect to a diag-
nostic pure-tone audiometry, thereby referring 1.1% (5E) 
and 2.0% (3S) of children to ENT. A test reliability of 0.6 
dB was obtained, which makes the test extremely suita-
ble for accurate longitudinal follow-up of slight deterio-
rations in hearing (for instance, due to noise exposure). 
Test durations were around 6 (5E) and 7 (3S) minutes on 
average for both ears.

To further reduce the duration, and based on the data 
we obtained from the study described above, we investi-
gated retrospectively the effect of presenting) less triplets 
(as if we were shortening the test) on the SRT, the refer-
ral rate and test reliability. Furthermore, we explored the 
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homogeneity of the individual speech tokens of the test, 
by comparing their psychometric functions.

Reduction from 27 triplets (the default) to 11 has no ef-
fect on the reference SRT. However, with referral criteria 
of –6.5 (5E) and –8 (3S) dB SNR, referral rates rapidly in-
crease. Also, test reliability falls. Our results suggest that 
only 2 triplets can be skipped in order to maintain the re-
liability of the default test, gaining an estimated 1 min in 
testing time. The analyses of the psychometric functions 
show that some speech tokens might need a second wave 
of level adjustment.

To conclude, test reliability and test duration are inverse-
ly proportional. Whereas shortening the test does not af-
fect its normative value, it can drastically increase referral 
rates. Current work is focusing on another scoring meth-
od (i.e. digit scoring instead of triplet scoring), since it has 
been shown in adults to result in increased test reliability.

FP77

Enhanced strategies in screening, tracking, and 
follow-up: Different approaches from Germany, 
Iran, Uzbekistan, and Georgia

Peter Böttcher1, Peter Matulat2

(1) Path Medical GmbH
(2) University Hospital Münster, Germany

A universal and quality controlled newborn hearing 
screening program requires a number of prerequisites for 
a long term, efficient and reliable outcome. New techni-
cal standards enable new approaches in screening strat-
egies. Enhanced screening procedures avoid high loss to 
follow-up rate as well as unnecessary appointments in di-
agnostic centers. Re-tests can be performed in combina-
tion with multi-level ABR, targeted ASSR, or DPOAE fre-
quencies in a few minutes without the need for a higher 
audiological knowledge. Data will be transferred for cen-
tral assessment. Especially for regions with limited medi-
cal infrastructure this approach reduces appointments and 
travelling to remote follow-up centers. It enables audiolog-
ical expertise in areas with insufficient facilities. Approx-
imately 80% of follow up appointments will end up with-
out pathological findings for the patient. Approximately 
50% of “lost to follow-up cases” are caused due to the long 
distances required to travel for the patient in order to be 
seen by the referral expert.

This approach of telemedicine in screening, tracking, fol-
low-up requires a direct data transfer between instruments 
and tracking server. Data transfer via wireless radio tech-
nology represents an “out of the box” solution, which is 
independent from any hospital IT infrastructure. Data is 
encrypted and transferred directly from instruments to 
a central database in the tracking center and vice versa. 
Mobile data networks are available worldwide at any time 
at any location, even in areas with limited infrastructure.

A nationwide or region-wide screening program requires 
uniform prerequisites. With bi-directional communica-
tion all settings for the instruments can be made in the 

tracking center, generating substantial saving in resourc-
es. The independent wireless data transfer can be connect-
ed to all existing tracking systems. In combination with 
pathTrack software it is available in different screening 
approaches, e.g. in preschool, newborn hearing screen-
ing, or telemedicine.

The presentation illustrates the feasibility and effectiveness 
of data exchange and tracking systems with respect to the 
varying demands in a number of screening and follow-up 
approaches in different countries such as Iran, Georgia, 
Uzbekistan, and Germany.

FP78

Comparison of the reliability of mobile 
equipment and a standard automatic hearing 
screening equipment

Zahra Polat, Zuleyha Dilek Gulmez, Isik Baltaci, Eyyup 
Kara, Ahmet Atas

Istanbul University

Background: Otoacoustic emission is an objective test 
that has been widely used in recent years, especially in the 
hearing screening program. The duration of the test, the 
reliability and the practicality of the device are important 
while performing the test. Tele-audiology has been used 
in many fields of audiology since the 1990s and especial-
ly in hearing screenings in America. In our study, it was 
aimed to compare the reliability of the results, test dura-
tion, and ergonomics of the hearing screening equipment.

Material and methods: 126 subjects (59 male, 67 female) 
were included in the study. The age of the cases ranged 
from 0 to 299 days and an average of 20.67 ± 45.38. All 
subjects were tested with the otoacoustic emission test 
at the same time using Neuro-Audio-Screen (Neurosoft, 
Ivanovo, Russia) and Neuro-Audio-aScreen software and 
a probe mounted in Huawei p800 mobile phone (Neu-
rosoft, Ivanovo, Russia). The measurement times of two 
tests and the test results were compared with each other.

Results: There was no statistically significant difference 
between Neuro-Audio-Screen and Neuro-Audio-aScreen 
mobile device about measurement times (p> 0.05) and the 
results of the otoacoustic emission test (p>0.05).

Conclusions: It was considered that the use of both de-
vices is reliable because there was no significant differ-
ence between Neuro-Audio-Screen and Neuro-Audio-
aScreen mobile devices in detecting hearing loss, time of 
measurement, and reliability. In addition, mobile devices 
could be preferred because they are cheaper, more porta-
ble, and more suitable to tele-audiology.

Financial disclosure: The authors declare that this study 
has received no financial support.
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Audiology and intellectual disability: 
Preliminary results of EFAS WG

Madalina Georgescu¹, Eva Andersson², Siobhan 
Brennan³, Frans Coninx⁴, Melissa Cravo⁵, Katrin 
Neumann⁶, Melina Willems⁷

(1)  “Carol Davila” University of Medicine and Pharmacy
(2) Gothenburg University
(3)  University of Manchester and Sheffield Teaching Hospitals
(4) Institut für Audiopädagogik
(5)  Centro de Educação e Desenvolvimento Jacob Rodrigues 

Pereira, Casa Pia de Lisboa
(6)  Deptartment of Phoniatrics and Pediatric Audiology, Clinic 

of Otorhinolaryngology, Head and Neck Surgery, Ruhr-
University of Bochum

(7)  University College Arteveldehogeschool Ghent

Background: Hearing impairment has negative important 
consequences without appropriate treatment. Its high in-
cidence (5% in general population, WHO report) is in-
creased in intellectual disability (ID) persons (ranging 
from 21% to 70%) (H. Evenhuis et al., 2004; Hild et al. 
2008). Due to limited self-report of this sensorial handi-
cap, active detection of hearing loss should be implement-
ed and hearing screening is the most effective method.

Material and methods: EFAS Working Group on Audiol-
ogy & Intellectual Disability review literature in the field 
and developed a questionnaire to determine the actual level 
of health/audiological services available among European 
countries. Additionally, the WG developed guidelines for 
timeline of hearing screening in people with ID based on 
specific etiology of ID (especially Down syndrome) and 
hearing loss incidence in ID population.

Results: Preliminary results from questionnaires, gathered 
from 22 European countries, revealed low level of audi-
ological services at national level in Europe. Few excep-
tions exist, where dedicated programs for ear and hear-
ing screening in ID persons are implemented, mainly for 
Down syndrome population. Recommended timeline of 
hearing screening will be presented as guidelines devel-
oped by the EFAS WG.

Conclusions: High incidence of hearing impairment at 
different age-group of ID persons, more rapid progression 
than in non-ID population, and low self-reported hearing 
problems are strong arguments for health policy changes 
in favor of hearing screening in ID population.

References:
1.  Evenhuis H et al. Prevalence of visual and hearing im-

pairment in a Dutch institutionalized population with 
intellectual disability. J Intellect Disabil Res, 2001; 45(5): 
457–64.

2.  Hild U et al. High prevalence of hearing disorders at 
the Special Olympics indicate need to screen persons 
with intellectual disability. J Intellect Disabil Res, 2008; 
52, 520–28.

* Funded by EFAS.

FP80

European collaboration through EFAS 
to improve early childhood hearing and 
communication screening programmes: 
Irish pilot study

Theresa Pitt, Au.D., M.Sc. Chairperson, EFAS 2015–17

Health Service Executive Audiology Services, South East Ireland, 
Ireland
European Federation of Audiology Societies, Ireland (Irish 
Academy of Audiology)

Background: EFAS guided the adoption of an EU Con-
sensus document in 2011 (European Consensus State-
ment. Int. J. Paed. Otorhinolaryngology Jan;76(1): 120–1) 
to promote the aspiration of Hearing and Communication 
Screening for all children at school entry age. Research is 
being developed through the EFAS Working Group on 
Early Childhood Hearing Screening into both methodol-
ogy and outcomes; some new Irish data will be described.

Material and methods: Database analysis of over 500 child 
health records from several Irish school cohorts, relating 
especially to hearing and vision screening, and including 
the impact of specialist schools nurses being appointed.

Results: Coverage, efficiency, and effectiveness of existing 
Irish school entry screening programmes will be present-
ed; additional data on the use of preschool therapy servic-
es attended, with some initial information on outcomes, 
will be described.

Conclusions: School entry screening methodology and 
comparative European data may be more feasible to ex-
amine with information from Irish study. Participants can 
then evaluate the potential challenges, costs, and bene-
fits of childhood hearing screens at both pre-school and 
school entry level.

Free Paper Session 13 | Electrical and acoustical 
auditory stimulation

FP81

Interaural timing and sound localization in 
single-sided deaf cochlear implant users

Josef Seebacher, Viktor Weichbold, Patrick Zorowka, Kurt 
Stephan

Medical University of Innsbruck

Background: The performance of binaural hearing is se-
verely degraded in patients suffering from single sided 
deafness. One particular problem for this group of pa-
tients is the limited localization ability for sounds origi-
nating from different directions. Rehabilitation of the deaf 
ear with a cochlear implant (CI) aims to recover binau-
ral hearing performance and should also result in an im-
provement of localization abilities. However, even with 
CI the performance of normal hearing listeners cannot 
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be reached. One reason might be the different timing of 
electrical stimulation via CI and natural hearing in the 
normal hearing ear as the processing of information is 
not synchronized. Evidence for frequency specific time 
differences in the range of a few milliseconds were found 
in auditory brainstem response measurements. Hence it 
is hypothesized that changing the timing of the cochlear 
implant might have an effect on sound source localization 
in single sided deaf cochlear implant users.

Material and methods: The sample consisted of 12 single 
sided deaf cochlear implant users at ages of 53±12 years. 
All patients participated in sound localization tests in an 
anechoic chamber. During these tests the microphone sig-
nal picked up by the patients’ audio processor was delayed 
by 0.5, 1, 2, and 4 ms in a pre-processing step to vary the 
synchronization between the cochlear implant and the 
normal hearing ear.

Results: In all patients delaying the signal of the cochle-
ar implant had a significant impact on sound localization. 
Particularly at signal delays of 1 and 2 ms sound localiza-
tion performance improved compared to conditions “not 
delayed” (as in daily use). Repeated measures ANOVA re-
vealed significance for the factor “time delay” and corre-
sponding post hoc comparisons proved significant differ-
ences for signal delays of 1 and 2 ms. This compensation of 
timing is in agreement with auditory brainstem response 
measurements, which show a desynchronization of the 
cochlea implant and the normal hearing ear by about 1 
ms in the same CI systems at frequencies above 1.5 kHz.

Conclusions: Improvement of binaural hearing perfor-
mance may be achieved by compensating different tem-
poral processing of CI and the normal hearing ear in sin-
gle-sided deaf cochlear implant users.

FP82

How close can we get to a real CI with acoustic 
simulation?

Chadlia Karoui¹, Chris James², Mathieu Marx³, Olivier 
Macherey⁴

(1) Centre de recherche Cerveau et Cognition
(2) Cochlear France SAS
(3) CHU Toulouse
(4) LMA-CNRS, Aix-Marseille University

Hilkhusyen and Macherey (2014) have recently proposed 
pulse spreading harmonic complexes (PSHCs) as an alter-
native acoustic carrier in noise-excited vocoders. PSHCs 
have less intrinsic modulation with the aim to be closer 
to CI stimulation. Mesnildrey and al (2016) showed that 
speech in noise scores in normal-hearing listeners were 
better with PSHC-vocoder than noise-vocoding and worse 
than with sine-vocoding. In the quest for a closer match to 
real CI we compare stimulation with CIs versus three dif-
ferent carriers in CI users with single-sided deafness (SSD). 
We also investigated the mismatch between analysis and 
carrier frequency that may result due to the specific posi-
tion of CI electrode contacts by varying carrier bandwidth.

Six single-sided deafness patients performed a forced-
choice comparison task embedded in 4 blocks of 36 tri-
als. On each trial, subjects heard two intervals, each con-
taining the same recorded sentence. In the first interval 
they were first presented with speech processed via the CI 
sound (via the auxiliary input of the clinical sound pro-
cessor) followed by speech processed via an eight-chan-
nel vocoder simulation (presented via a single earphone 
Etymotic ER1). In the second interval, the CI-processed 
sound was followed by a different vocoder simulation. The 
latter differed in the two intervals by carrier type (PSHC, 
sine or noise) and/or carrier bandwidth (1: no mismatch – 
carrier bandwidth the same as input bandwidth, 2: shifted 
up by 1/2 octave, 3: shifted up by 1 octave). Subjects were 
then asked to state on in which of the two intervals the 
sounds were most similar. The sentence and the speaker 
were the same for 4 blocks with a training session every 
2 blocks. The blocks were repeated twice.

For three of the six subjects tested so far, PSHC-carriers 
were judged more similar than sinusoidal carriers, one sub-
ject judged PSHC more similar than noise carriers, and 
three out of six subjects judged noise carriers more simi-
lar than sinusoidal carriers. Notwithstanding the variabil-
ity in the results, we suggest for now that the PSHC-car-
rier might produce auditory sensations somewhat closer 
to a real cochlear implant than conventional sinusoidal 
and noise carriers. Also, no mismatch in vocoder band-
width was judged more similar to CI processing signifi-
cantly more often than the 1/2 and 1 octave up-shifted 
bandwidths. These data will be interpreted with respect 
to electrode contact positions determined from post-op-
erative CT scans.

FP83

Speech perception in bimodally listening 
cochlear implant users

Ulrich Hoppe1, Thomas Hocke2, Frank Digeser1, Anne 
Hast1

(1) University Hospital Erlangen
(2) Cochlear GmbH

The typical listening situation for most cochlear implant 
(CI) listeners is the bimodal binaural situation, i.e. com-
bining the electric CI input on the one side with acoustic 
input of a contralateral hearing aid (HA). When sufficient 
residual hearing is present, bimodal listeners perform sig-
nificantly better than those who receive stimulation from 
a CI only. At the Cochlear Implant Center Erlangen about 
two-thirds of the adult patients use both the CI and the 
contralateral HA. The aim of the current investigation was 
to identify the audiologic parameters determining the bi-
modal speech perception benefit.

Audiometric measurements of 151 patients (age: 61±16 
years) provided with a CI and a HA were retrospective-
ly analyzed. In particular, the puretone audiograms of the 
HA side, sentence perception (Göttinger Sentence Test) in 
quiet at 65 dB and in noise (speech reception thresholds, 
SRT) were investigated. For all subjects, results for the HA 
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side, the CI side, and the binaural situation were available. 
SRT measurements were performed in the S0N0 situation.

Puretone thresholds on the HA side (4 frequency average 
at 0.5, 1.0, 2.0, and 4 kHz) ranged from 13 dB to complete 
deafness (i.e. 130 dB). Mean puretone loss was 88±27 dB 
HL. Speech perception scores in quiet were determined as 
79±21%, 69±30%, and 90±14% for the CI only, HA only 
and bimodal, respectively. Speech recognition thresholds 
in noise were 6.9±6.3 dB, 7.1±6.9 dB, and 3.4±6.8 dB for 
CI, HA, and CI+HG, respectively. For both situations, in 
quiet and in noise significant binaural benefits were found 
on average. However, the benefit showed a large varia-
tion. Neither age, nor duration of CI use, nor puretone 
loss could explain the individual differences sufficiently.

In summary, bimodal hearing is beneficial for most CI 
users. Bimodal speech perception scores in quiet and in 
noise are typically better than the HA alone or the CI 
alone condition.

FP84

Benefit of bimodal stimulation with cochlear 
implant and hearing aid in the elderly

Dominik Hinder, Christoph Schlegel, Thomas Linder, 
Claudia Candreia

Kantonsspital Luzern

Background: Postlingual deafness in adults can be effec-
tively treated with cochlear implants (CI). Residual hearing 
in the non-implanted ear is usually treated with a hearing 
aid (HA). Data on bimodal stimulation in elderly patients 
is still limited. In our study we compared the audiological 
and subjective outcome of bimodal stimulation in a pop-
ulation of elderly CI users.

Material and methods: 22 patients aged >70 years were 
implanted with unilateral CI between 2002 and 2014. 17 
patients used bimodal stimulation with HA and CI. We 
analyzed the audiological benefit of CI, HA, and bimodal 
stimulation (pure tone average, speech recognition) ret-
rospectively in a chart review. Time to follow-up was 6 
months to 12 years. For assessment of the subjective ben-
efit we used a structured questionnaire.

Results: Speech recognition was better in the bimodal 
situation than with CI alone (word recognition score of 
61% vs. 53% in monosyllabic word testing in quiet @ 65 
dB SPL; p=0.35). Residual hearing in the lower frequen-
cies was not significantly correlated with bimodal benefit.

Conclusions: Bimodal stimulation is beneficial in most 
elderly patients with better word recognition scores and 
subjective benefit. Regular control of hearing aid fitting is 
recommended to further optimize the benefit.

This data is published in Laryngo-Rhino-Otology.

Free Paper Session 14 | Cochlear implants in 
different populations
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The relationship between speech perception 
measures and language scores among Arabic-
speaking toddlers using cochlear implants and 
the language acquisition gap between them and 
hearing toddlers

Maria Khoury¹, Rama Novogrodsky², Michal Luntz³, 
Talma Shpak3

(1)  University of Haifa, Faculty of Social Welfare and Health 
Sciences, Department of Otolaryngology – Head and Neck 
Surgery

(2) Haifa University, Haifa, Israel
(3) Bnai Zion Medical Center, Haifa University

The contribution of this study is the linking between 
speech perception measures and language outcomes as 
part of assessment and intervention protocols. In gener-
al clinical practice, when audiologist verify the outcomes 
of cochlear implant (CI) mapping, they use speech per-
ception tasks not language task. This might lead to mis-
understanding the full developmental stage of the child. 
Thus, understanding the links between speech perception 
and language acquisition is critical.

Twenty Arabic speaking toddlers who were implanted be-
tween the ages 10–36 months participated in this study. 
Their hearing age was 1: 6–3: 0 years (chronological age 2: 
8–6: 1 years). The control group included 41 hearing tod-
dlers matched to the CI group in hearing age (thus, their 
chronological age was 1: 6–3: 0 years). The CI group was 
evaluated using three open-set speech perception tests: at 
a phoneme level (vowel–consonant–vowel), at a word level 
(two-syllabic and one-syllabic), and at a sentence level. In 
addition, the parents filled in a hearing function question-
naire (PEACH). Language level was evaluated both in the 
CI and in the hearing groups using two language meas-
ures: a vocabulary task (Hebrew Communicative Develop-
ment Inventory) and a sentence repetition task exploring 
different syntactic structures for children in this age range.

Results showed positive correlations between speech per-
ception scores at a sentence level and the hearing func-
tion score as well as between all three speech perception 
scores and the language measures (Ps<.001). These find-
ings support the validity of these measures, specifical-
ly the validity of the hearing function questionnaire as a 
communication assessment tool. Surprisingly, no corre-
lations were found between hearing age and chronologi-
cal age and the two language measures (Ps>.05). In addi-
tion, when comparing the CI group with hearing group, 
the former performed significantly lower than the latter 
on syntax task (Ps<.05), although performed equally on 
the vocabulary task.

The current findings support the sensitivity of speech per-
ception tasks as predictors of language outcomes in tod-
dlers using CI. The language gap between the CI group 
and hearing group raises the question of when do these 
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toddlers close the language gap? Importantly, there is a 
need to develop sensitive diagnostic tools that can be used 
routinely in daily practice to identify those children who 
need further intervention.

FP86

Benefits of cochlear implantation in the Roma 
population: Do we really know?

Silvia Krempaská¹, Juraj Koval¹, Monika Hricová¹, Július 
Zimmermann², Martin Kompis³

(1) University Hospital Košice
(2) University of P.J. Šafarik, Košice
(3) University Hospital Bern (Inselspital)

The cochlear implantation program points on the early 
identification of hearing loss and its adequate rehabilita-
tion. The main aim is to give every child the tools need-
ed to understand the language and to communicate effec-
tively. The benefit of cochlear implantation is evaluated by 
using various speech discrimination tests.

Based on the last census the citizens in Roma nationality 
make up 2.4% of the Slovak population (the second largest 
national minority in Slovakia). Although living in Slova-
kia, the Roma population uses its own language and has its 
own lifestyle influenced by specific Roma culture, resulting 
in the poor understanding of Slovak as official language in 
the majority of Roma children. This fact leads to difficul-
ties in knowing the real benefit of cochlear implantation.

From 2010 to 2016, 125 cochlear implantation (68 chil-
dren, 57 adults) were performed in University Hospital 
in Košice, Slovakia. Of 68 child patients, 40 (59%) were 
of Slovak nationality and 28 (41%) were Roma children. 
66 adult patients (100%) were of Slovak nationality, and 
there was no Roma patient. Each patient received Oticon 
Saphyr SP devices and were started on the rehabilitation 
program after implantation in our center.

The presentation is focused not only on difficulties in the 
rehabilitation process in this specific ethnic group, but also 
on both our support and future goal.

FP87

Auditory performance and electrical hearing 
in cochlear implant recipients with auditory 
neuropathy compared to severe-to-profound 
sensorineural hearing loss

Joseph Attias1,2, Eyal Raveh3, Tally Greenstein3

(1)  University of Haifa, Faculty of Social Welfare and Health 
Sciences, Department of Communication Sciences and 
Disorders, Haifa

(2)  Cochlear Implant Center, Schneider Children’s Medical 
Center, Petah Tiqva, Israel

(3) Schneider Children Medical Center

Background: The aim of the study was to compare audi-
tory and speech outcomes and electrical parameters on 

average 8 years after cochlear implantation between chil-
dren with isolated auditory neuropathy (AN) and children 
with sensorineural hearing loss (SNHL).

Material and methods: Sixteen patients with isolated AN 
with current age of 5–12.2 years who had been using a 
cochlear implant for at least 3.4 years and 16 control pa-
tients with SNHL matched for duration of deafness, age at 
implantation, type of implant, and unilateral/bilateral im-
plant placement. All participants had had extensive audi-
tory rehabilitation before and after implantation, including 
the use of conventional hearing aids. Unaided pure-tone 
audiograms were evaluated before and after implantation. 
Main outcome measures were between-group differenc-
es in the following parameters: 1. Auditory and speech 
tests. 2. Residual hearing. 3. Electrical hearing. 4. Corre-
lations of residual hearing at low frequencies with electri-
cal thresholds at the basal, middle, and apical electrodes.

Results: The children with AN performed equally well to 
the children with SNHL on auditory and speech recogni-
tion tests in both quiet and noise. More children in the AN 
group than the SNHL group were attending mainstream 
educational settings at school age. Significant between-
group differences were noted in electrical measurements: 
the AN group was characterized by a lower current charge 
to reach subjective electrical thresholds, lower comforta-
ble level and dynamic range, and lower telemetric neu-
ral response threshold. Based on pure-tone audiograms, 
the children with AN also had more residual hearing be-
fore and after implantation. Highly positive coefficients 
were found on correlation analysis between T-levels across 
the basal and mid-cochlear electrodes and low-frequency 
acoustic thresholds.

Conclusions: Children with isolated AN do at least as well 
as children with SNHL on auditory performance tests af-
ter cochlear implantation. The lower current charge re-
quired to evoke subjective and objective electrical hear-
ing thresholds in children with AN compared to children 
with SNHL may be attributed to the contribution to elec-
trophonic hearing from the remaining neurons and hair 
cells. In addition, it is also possible that mechanical stim-
ulation of the basilar membrane, as in acoustic stimula-
tion, is added to the electrical stimulation of the cochle-
ar implant.

FP88

Spectral and temporal cues to voice pitch 
perception in cochlear implant users

Chris James1, Marie-Laurence Laborde2, Marjorie 
Tartayre2, Cécile Desgraves3, Fanny Lambert3, Mathieu 
Marx2, Bernard Fraysse2, Olivier Deguine2

(1) Cochlear France SAS
(2) CHU Toulouse
(3) University Paul Sabatier

An important aspect of speech perception is voice pitch, 
or fundamental frequency F0, which is a strong cue to 
speaker identity and emotional state, and clarifies mean-
ing via prosody in Western languages and tone identity in 
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Oriental languages. We describe two studies of voice pitch 
perception undertaken in our centre. In the first we used 
a novel experimental sound coder “STEP” that allowed 
separate control of spectral and temporal resolution. In 
the second we studied voice pitch perception in a cohort 
of 61 cochlear implant subjects using clinical processors.

Voice pitch perception varied widely across CI subjects 
in both studies. The conventional approach to improv-
ing voice pitch perception by enhancing temporal enve-
lope modulation at F0 appeared ineffective. However im-
provements were seen in prosody perception for poorer 
performing subjects by doubling spectral resolution below 
1000 Hz. In the large cohort study Nucleus subjects with 
perimodiolar electrodes performed significantly better 
than those with straight electrodes. Thus both studies in-
dicate that better spectral resolution may be the key to im-
proving voice pitch perception by cochlear implant users.

FP124

Speech understanding in noise and over distance 
for cochlear implant recipients with single-sided 
deafness using the Roger digital wireless remote 
microphone system

Thomas Wesarg, Konstantin Wiebe, Susan Arndt

Department of Otorhinolaryngology, Medical Center – University 
of Freiburg, Germany

In previous studies, the effectiveness of wireless remote 
microphone systems has been demonstrated for wearers 
of bilateral hearing aids as well as unilateral and bilater-
al cochlear implant (CI) recipients with bilateral hearing 
loss. It was shown that a remote microphone system to-
gether with a hearing aid and/or CI allowed for significant 
improvements in speech understanding over distance and 
in noise at various noise levels (Lützen, 2014; Thibodeau, 
2014; Wolfe et al., 2013).

The objective of the current study is to assess if using a 
remote microphone system (Roger digital wireless sys-
tem) leads to an improvement in speech understanding 
for CI recipients with unilateral or single-sided deafness 
(SSD) when listening at a distance and in different levels 
of background noise.

Ten adult single-sided deaf CI recipients participated in 
the study. Speech understanding was measured using the 
Oldenburg sentence test (OlSa) presented in multi-chan-
nel noise at three presentation levels for different hearing 
conditions. In these tests the SSD CI recipients used the 
Roger digital wireless remote microphone system with 
their normal hearing ear, their CI processor, and bilaterally.

Preliminary results indicate that SSD CI recipients ob-
tained best speech understanding in noise when receiv-
ing the Roger signal bilaterally.

FP90

Parent perspectives of pre-lingually deafened 
children using a cochlear implant

Shobhit Piplani¹, Rohit Reddy¹, Rita Piplani², 
Shivalingappa Javali³, Mohnish Grover⁴

(1) Jawaharlal Nehru Medical College
(2) Asha Kiran Speech and Language Habilitation center
(3) USM-KLE
(4) S.M.S. Medical College

Background: With recent advances and upcoming tech-
nology, cochlear implants(CI) have become choice of in-
tervention for pre-lingually deafened children. Use of CIs 
has greatly benefited society as they help in increasing 
communication skills, social well-being, and autonomy. 
After CI, the main role of family and speech-therapist is 
to bring out effective results. Thus, it is of utmost impor-
tance to assess how parents perceive their children after 
they undergo CI.

Material and methods: This study is a prospective cross-
sectional questionnaire-based study. For analysing the pa-
rental perspective of the pre-lingually deafened children 
with cochlear implant, we used the questionnaire “Chil-
dren with cochlear implants: parental perspectives”. It con-
sists of 74 non-grouped affirmative and negative phrases, 
divided into subscales regarding the child and their fam-
ily. Subscales were made from these questions and were 
categorised into communication, functionality, parental 
perspectives of children with communication, function-
ality, autonomy, well-being, social relations, and educa-
tion. The questionnaire consists of a total of 74 questions; 
out of these 48 were quantitative and 26 were qualitative. 
Each question has five options scored from 1 to 5. Ques-
tionnaires were given to 98 parents whose children were 
pre-lingually deafened and less than 10 years of age. Cor-
relations amongst these variables were made using Spear-
man’s rank correlation method. To determine the nor-
mality of different variables, a Kolmogorov–Smirnov test 
was applied.

Results: After analysing the questionnaire it was found that 
there were 36 boys (36.2%) and 62 girls (63.8%). Subscales 
of education showed highest mean of 25.61, followed by 
functionality 24.75, social 24.66, communication 23.29, 
support 22.04, effects of cochlear implant 20.21, well be-
ing 19.64, and autonomy 15.11. It was seen that function-
ality, autonomy, well-being, and effects of cochlear implant 
showed significance (p<0.05).

Conclusions: It can be concluded that parents perceive 
advantage of CI for communication, functionality, well 
being, and education of the child. It is also seen that the 
questionnaire is effective in an Indian population for pre-
lingually deafened children who have undergone a coch-
lear implant.
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FP91

A program of vestibular system stimulation 
and its significance for speech development in 
children with a cochlear implant

Edyta Tominska1, Katarzyna Ita Bienkowska2, Anna 
Zwierzchowska3

(1) University of Geneva
(2) Maria Grzegorzewska, University of Warsaw
(3) Jerzy Kukuczka, Academy of Physical Education of Katowice

There is a documented bibliography on the benefits of 
cochlear implants (CIs) in the area of speech perception 
as well as linguistic competence, which means the abili-
ty to use language in an effective and suitable way in ac-
cordance with the situation. This competence depends on 
biological skills (perception and completion processes) 
and communicative brain actions (intellectual abilities). 
The neurophysiological analysis of development process-
es in children (hearing or hearing impaired) clearly in-
dicates links between the level of language development 
and motor functions within the scope of motor skills. It 
is an indisputable fact that speech production is a physi-
cal act connected with motor activity. The majority of re-
searchers about the functioning and abilities of the ves-
tibular system of people with CI, focus on neuromuscular 
control represented by the ability to keep balance. Howev-
er, data about the influence of CI on psychophysical func-
tions aren’t clear.

Our paper shows the results of conducted research about 
intensive training during rehabilitation camps. Our pur-
pose was to check if the improvement of motor skills has 
any connection with the speech development of children 
with CI. 17 children with profound hearing loss with CI 
aged from 4.2 to 10.1 (M=6.7±1.7), with their parents and 
therapists, were the participants of a camp organized by 
the Association of Parents and Friends of Deaf Children 
in Krosno, Poland. The children were tested by pre- and 
post-test: body control, spirometry, balance skills. The lev-
el of linguistic competence was assessed as well as birth 
potential (Apgar). Every day, for 2 weeks, apart from all 
the planned speech therapy, there was a set of general 
movement exercises (directed at the vestibular system). 
The results of the post-test showed the increase in corre-
lation between static, dynamic equilibrium and the results 
of test that assess linguistic competence, Apgar scale, and 
age (R=04 does 0.9). It has been proven that there is a sig-
nificant presence of relevant neurophysiological bonds in 
the scope of development of balance and language skills. 
The results of this pilot research indicate the necessity of 
further continuous research in the field of coordination 
motor abilities (CMA) as well as in terms of the devel-
opment of linguistic and communicative competencies. 
Practical implication is to recommend for young hearing-
impaired children speech therapy combined with move-
ment activities.

Free Paper Session 15 | Bone conduction devices

FP92

ADHEAR, the adhesive bone conduction system: 
Principles and applications

Patrik Westerkull

Otorix

Background: The development of the adhesive bone con-
duction system was driven by a vision to offer an accept-
able non-invasive bone conduction solution for all those 
who are reluctant to or who cannot have implant surgery. 
There is a significant need for a well-functioning non-sur-
gical bone conduction device for bilateral and unilateral 
conductive hearing losses, especially in paediatrics. The 
new concept is based on a unique small disposable adhe-
sive adapter attached to the skin behind the pinna. An ear 
level audio processor can be connected and disconnected 
to the adhesive adapter.

Material and methods: The fundamental physics and prin-
ciples behind the adhesive bone conduction system will be 
discussed. In collaboration with clinics and universities the 
audiometric performance and clinical outcome have been 
investigated. Audiometric evaluation of the concept was 
performed by measuring hearing thresholds with the ad-
hesive bone conduction system compared with the estab-
lished softband solution for bone anchored hearing aids. 
The clinical experience included both audiometric eval-
uation and subjective evaluation with for example Glas-
gow Children’s Benefit Inventory.

Results and conclusions: The adhesive bone conductor of-
fered similar hearing stimulation as the established solu-
tion. The new system offers significant advantages in terms 
of wearing comfort and aesthetics since it does not include 
any pressure against the skin and no bulky headband ar-
rangement is required. The Glasgow Children’s Benefit In-
ventory, shows that the adhesive bone conduction system 
is a user friendly and efficient device with high scores on 
benefits and user satisfaction. The patients are now using 
it on a regular basis and the first patients that were fitted 
have now used the concept for more than three years. As 
for any ear level bone conduction concept where the vi-
brations are damped when being transmitted through the 
skin, this type of ear level concept is primarily intended 
for bilateral and unilateral conductive hearing losses and 
not for more severe mixed hearing losses.
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FP93

User satisfaction and clinical efficacy of a new 
non-invasive bone conduction hearing system in 
single-sided deafness

Griet Mertens, Annick Gilles, Rajae Bouzegta, Paul Van 
de Heyning

Antwerp University Hospital

Background: Recently, the ADHEAR hearing system has 
been developed as a novel bone conduction (BC) concept. 
The system comprises two parts: an adhesive adapter and 
an audio processor that are worn together behind the ear. 
This solution is introduced as a non-surgical treatment for 
conductive hearing loss (CHL) and single-sided deafness 
(SSD). In SSD cases, this device may be a good solution 
for patients who are unsuitable for, or who do not wish to 
undergo, bone conduction device (BCD) or cochlear im-
plant (CI) surgery.

Objectives: The aim of the study is to investigate the user 
satisfaction and clinical efficacy of the ADHEAR hearing 
system in SSD. A randomized cross-over study design will 
be conducted, using the CROS hearing aid as a control.

Material and methods: In order to define the user satis-
faction and clinical efficacy of the ADHEAR hearing sys-
tem the following outcome measurements will be adminis-
tered after a two-week trial: 1) speech perception in noise 
(SSSDNAH, S0NSSD, S0NNH, and S0N0), 2) sound lo-
calization, 3) the Speech, Spatial and Qualities of Hearing 
scale (12-item version) (SSQ12), the Audio Processor Sat-
isfaction Questionnaire (APSQ), and the ADHEAR Ad-
hesive Adapter questionnaire. Using a randomized cross-
over study design, the study compares the user satisfaction 
and clinical efficacy of the ADHEAR hearing system and 
a CROS hearing aid in the same group.

Results and conclusions: The first results with the novel 
non-surgical ADHEAR hearing system of 10 SSD subjects 
will be presented at EFAS2017 in Interlaken.

FP94

Performance evaluation of a novel 
transcutaneous bone conduction hearing aid

Christof Röösli, Ivo Dobrev, Alex Huber

Universitätsspital Zürich

Background: Bone conduction hearing aids are indicated 
in patients who can not wear traditional hearing aids be-
cause of chronic infections or atresia of the external au-
ditory canal, and in patients with single sided deafness. A 
newly developed transcutaneous bone conduction hearing 
aid (OSI) is evaluated with regard to the transfer function 
efficiency and acoustic feedback.

Material and methods: Experiments were conducted on 
five Thiel embalmed whole head cadaver specimens. A 
transcutaneous bone conduction hearing aid device (OSI) 

is sequentially implanted on three positions: 1) traditional 
BAHA position 5 cm posterior of the tragus in the tempo-
ral line, 2) superior to the external auditory canal as close 
to the cochlea as possible, 3) a posterior position 7 cm be-
hind the tragus in the temporal line. For each stimulation 
location three types of measurements were performed: 1) 
acoustical feedback, from OSI to the modified sound pro-
cessor, was measured; 2) motions of the cochlear prom-
ontory were measured on the ipsilateral and contralateral 
side, at a single point using a 1-dimensional laser Doppler 
vibrometer (LDV) system, and measurements were repeat-
ed after mastoidectomy on the ipsilateral side; 3) 3-dimen-
sional (3D) motions of the bone surrounding the OSI were 
quantified at 70–90 points, covering an area of approxi-
mately 8×8 cm, using a single point 3D LDV system, sup-
ported on an automated robotic arm. All measurements 
at stimulation position 1 were done with both OSI (piezo-
electric transducer) and BAHA Cordelle II (electromag-
netic transducer), sequentially, for comparison purposes.

Results: Surface wave patterns of the skull surface, for 
stimulation with OSI and BAHA Cordelle II, are compa-
rable for both the magnitude and phase of motion. The 
magnitude of motion at the promontory, normalized by 
the driving voltage, is higher for stimulation with BAHA 
Cordelle II compared to OSI, at low frequencies (i.e. <0.6 
kHz), and vice versa at mid and high frequencies (i.e., 
1.5–10 kHz).

Conclusions: The sound transfer function efficacy and 
acoustic feedback of a novel transcutaneous bone con-
duction device have been quantified, and the influence 
of stimulation position and the state of the mastoid have 
been analyzed.

FP95

BAHA treatment with various acquired and 
congenital ear malformations in children

Maciej Mrowka, Piotr H. Skarzynski, Bartlomiej Krol, 
Henryk Skarzynski

Institute of Physiology and Pathology of Hearing

Background: Children with conductive and mixed hear-
ing loss in cases of congenital ear malformations (bilat-
eral microtia with external auditory canal atresia), after 
chronic otitis media, or in single-sided deafness (SSD) 
can be treated applying bone anchored hearing aids (BA-
HAs). Our aim was to assess the results of application of 
BAHA in children and to compare hearing obtained with 
typical bone conduction hearing aids (head-band hear-
ing aid, bone conduction glasses, or cross system in SSD 
to hearing in Baha system.

Material and methods: Our treatment method of hear-
ing impairments in the presented group of various defects 
of the ear included implantation of titanium fixture to the 
temporal bone with or without removal of subcutaneous 
tissue around it. In most of the cases it was a one-stage 
procedure. After implantation the titanium screw was not 
used for about 6 weeks to 4 months, to provide good heal-
ing and proper osseo-integration. Then a hearing aid was 
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selected. Audiological examinations were performed 1 and 
6 months after hearing aid fitting. Our material consists 
of 117 patients of age 3 y.o. to 18 y.o.

Results: Audiological results are good and sustainable. 
Thresholds measured in free field audiometry wearing 
BAHA hearing aids are on average 8.8 dB lower in com-
parison to previously used hearing aids. Our patients com-
ment that the new hearing aids provide better sound qual-
ity, speech understanding, are comfortable and are more 
aesthetic comparing to typical bone conduction hearing 
aids.

Conclusions: Application of BAHA in children with vari-
ous hearing loss in ear malformations is good from an au-
diological perspective, safe, and comfortable for the user.

FP96

Binaural hearing ability with bilateral bone 
conduction hearing aids: Effect of hearing status

Stefan Stenfelt, Mehrnaz Zeitooni

Linköping University

Background: The interaural separation of bone conducted 
sound is low, and there is a general assumption that bin-
aural hearing is inefficient with bilateral bone conduction 
hearing aids. Bone conduction hearing aids are therefore 
most often fitted unilaterally. Sparse data in the literature 
indicates that binaural hearing can be efficient in subjects 
fitted bilaterally with bone conduction hearing aids. There-
fore, to the current study aimed to evaluate the ability to 
use binaural cues with bilateral bone conduction stimu-
lation and evaluate the influence from symmetrical and 
asymmetrical hearing loss.

Material and methods: Eighty persons were included 
in the study. Thirty had bilateral normal hearing thresh-
olds, 20 had moderate symmetrical hearing loss, 20 had 
moderate asymmetrical hearing loss, and 10 had unilat-
eral deafness. They were tested with release from masking 
and binaural intelligibility level difference using the ma-
trix sentence test, and just noticeable differences for in-
teraural level and time differences using brief tonal stim-
ulation. The stimulation was applied bilaterally in two 
modalities, air conduction stimulation using earphones 
and bone conduction stimulation using vibration trans-
ducers at the mastoids.

Results: All groups except the unilateral deaf group showed 
binaural hearing ability. The results were generally better 
with air conduction stimulation than with bone conduc-
tion stimulation. The result were worse with symmetrical 
hearing loss compared to normal hearing, and worse with 
asymmetrical hearing loss compared to symmetrical hear-
ing loss. The testing of just noticeable differences for in-
teraural time and level differences indicated that tempo-
ral separation at low frequencies was significantly worse 
for bone conduction than for air conduction stimulation, 
but sensitivity to level differences were similar for the two 
stimulation modalities.

Conclusions: Bilateral bone conduction stimulation pro-
vides binaural hearing in subjects with normal hearing, 
sensorineural hearing loss, and asymmetrical hearing loss. 
These results suggest that bilateral fitting in subjects using 
bone conduction hearing aids is justified for all types of 
hearing status. The results also suggest that binaural hear-
ing with bilateral bone conduction stimulation is primar-
ily driven by interaural level differences.

FP97

The benefit of a 2nd bone-anchored hearing 
implant can only partially be estimated by using 
a speech processor on a test band

Martin Kompis1, Anja Kurz1, Mark Flynn2, Marco 
Caversaccio1

(1) Inselspital, Universitätsspital Bern
(2) Cochlear AG

Background: Unilateral users of one bone anchored hear-
ing implant (BAHI) who could benefit from a 2nd BAHI on 
the other ear usually test the new device preoperatively in 
a trial with a test band. The objective of this prospective 
study was to investigate, how well tests with a 2nd BAHI 
on a test band approach its benefit of the same device af-
ter implantation.

Material and methods: 16 adults, ages 27–79, average 65 
years, thereof 8 unilaterally implanted BAHI users (group 
A) and 8 bilaterally implanted users (group B) participated 
in the study. Aided sound field measurements with Coch-
lear Baha 4 devices. Speech-in-noise tests with speech from 
the front and noise either from the left, right, or from and 
front in 2 conditions for group A (with 1 BAHI, and with 2 
BAHIs, 2nd device worn on test bands) and in 3 conditions 
for group B (same 2 conditions as group A, and addition-
ally measurements with both BAHIs snapped on the abut-
ments). Improvement of speech understanding in noise 
with 2 BAHIs, compared to only 1 BAHI were analyzed.

Results: Speech understanding in noise was improved with 
the 2nd Baha for noise on the side of the 1st BAHI (+0.7 to 
+2.0 dB) and was decreased for noise from the other side 
(–1.7 dB to –2.8 dB). The improvement was highest (+2.0 
dB, p=0.02) and the disadvantage was smallest (–1.7 dB, 
N.S.) with both BAHIs mounted on the implants. Using 
the testband yielded smaller advantages and higher dis-
advantages of the 2nd BAHI.

Conclusions: Based on our data, using a BAHI on test 
band to preoperatively test the potential advantage of a 
second BAHI underestimates the advantage with two BA-
HIs placed on two implants.
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Free Paper Session 16 | Cochlear implants in 
children

FP98

Speech recognition in silence and noise of 
children after bilateral cochlear implantation: A 
retrospective study

Françoise Sterkes-Artieres1, Fabian Blanc1, Gaëlle 
Regnier1, Michel Mondain2

(1) Hopital Institut Saint Pierre
(2) Hôpital Gui de Chaulliac

Background: The aim of this study is to evaluate the ben-
efits of paediatric bilateral cochlear implants (BiCIs) in 
speech recognition in silence and with background noise 
and to analyse the predicitive factors.

Material and methods: A retrospective study from 2005 
to 2016 was conducted in our tertiary CI centre, the Med-
ical University of Montpellier and Saint Pierre Institut of 
Palavas. The data of congenitally deaf, bilaterally-implant-
ed children with no cognition impairment or particular 
family surroundings was analysed. Recognition of open set 
monosyllabic words of Phonetically Balanced Kindergarten 
(PBK) list and sentences of Marginal Benefits from Acous-
tic Amplification (MBAA) list was recorded in silence and 
noise with 5 dB S/N ratio at one, two and three years post 
second implantation, with the first and with both cochlear 
implants. Inter–implant interval between BiCIs was ana-
lysed. Student’s t-tests were performed.

Results: The cohort of the 27 children received BiCIS 
between the age of 0.9 years and 16.4 years (average 7.0 
years). The inter-implant interval was 0 to 13.6 years (aver-
age 4.4 years). Sentence recognition in noise was statistical-
ly and significantly better with both implants after two and 
three years: 85.9% with first implant versus 88.5% (p<0.10) 
with both at one year, 73.8% versus 84.6% (p<0.05) at two 
years, 69.6% versus 85.4% (p<0.001) at three years. Results 
were not significantly different with words and sentenc-
es in silence. The results suggest that speech recognition 
was better for children who received their second coch-
lear implant within two years.

Conclusions: BiCIs provide significant perceptual benefits 
for children. These benefits were demonstrated in speech 
perception in noise. As already reported in the literature 
the inter-implant interval seems to be an important pre-
dictive factor. Other factors to be considered are age of the 
first cochlear implantation, deafness aetiology, rehabilita-
tion, family support, and educational setting.

FP99

Foreign language education at school in 
children, adolescents, and young adults (10–
25 years old) with cochlear implant in the Swiss 
German population: Chance or burden?

Renske Beeres-Scheenstra, Claudia Candreia, Claudia 
Ohnsorg, Susana Castellanos, Nicola De Min, Thomas 
Linder

Luzerner Kantonsspital

Background: Most children with a cochlear implant ac-
quire a spoken language, even in a bilingual environment. 
However, how many of them participate in foreign lan-
guage education at school, and how they perform, has not 
been studied before.

Material and methods: Patient-specific data from all pa-
tients aged 10–25 years was extracted from the Lucerne 
CI database. CI non-users and mentally retarded patients 
were excluded. By use of questionnaires, additional data 
(type of schooling, foreign language learning, and bilin-
gualism) were obtained. German-speaking children with 
foreign language (English and/or French) at school were 
enrolled to a further evaluation by use of both a subjec-
tive (self-assessment) and an objective test (Lingualevel) 
to obtain the level of hearing and reading. We compared 
the results with the target school level.

Results: Thirty-seven out of 43 questionnaires (86%) were 
completed. Sixteen (43%) were in mainstream. Twenty-
seven patients (73%) have foreign language learning at 
school. Of the mainstream patients, all but one partici-
pated in foreign language learning (15/16=94%), as did 12 
out 21 patients (57%) in special schools. Eleven German-
speaking patients were further tested in English and six 
additionally in French. For reading skills, the school ob-
jectives for English were reached in 7/11 patients (64%) 
and for French in 3/6 patients (50%). For listening skills, 
3/11 patients (27%) reached the school norm in English 
and none in French. Overall, there was a positive corre-
lation between the self-assessment and the objective test 
results. Patients judged themselves to be at a 0.4–1.8 (av-
erage 1.4) higher language level.

Conclusions: Almost 75% of our CI children learn foreign 
language(s) at school. Participation in foreign language ed-
ucation was not only limited to mainstream schoolers, as 
in special schools about half of the CI patients had foreign 
language learning. A small majority of the tested patients 
reached the current school norm in English and French 
in reading skills, whereas for hearing skills most of them 
were not able to reach the norm.
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Speech and language acquisition of prelingual 
deaf children with cochlear implants: Long-term 
results from 6 to 10 years of age

Dorothe Veraguth, Alexandra Di Silvestro, Stephanie 
Diehl-Riedmüller

University Hospital of Zurich

Background: There still is high variability in language de-
velopment during childhood, especially in children born 
with hearing loss. Despite optimal conditions, language 
performance within the normal range is not possible for all. 
Different factors influence the long-term result of speech 
and language acquisition. It is important to understand 
the achievements in order to provide informed advice to 
parents and caregivers.

Material and methods: In a longitudinal study we ex-
amined prospectively enrolled 27 children (8 females, 
19 males). All participating children had been deafened 
prelingually and had no language perception with hearing 
aids. The age at implantation was 20 months (range 8–49 
months). 85% of patients had bilateral implantation. The 
hearing level with the implant was in all patients 10–35 
dB HL. Measures included the evaluation by standardized 
speech tests at age 6 and 10 years.

Results: In a subjective evaluation, we observed normal 
communication skills in 68% of patients (age 6 years) and 
47% (age 10 years). The phonological working memo-
ry was in a normal range in 53% of patients (age 6 years) 
and 41% (age 10 years). Speech perception increased in 
a normal range in 42% of children (age 6 years) to 59% 
(age 10 years). Normal speech production in different sub-
tests increased also in 53–63% of patients (age 6 years) to 
65–76% (age 10 years). 33% of children had multilingual-
ism in the family. Most children were in a regular school 
setting, 53% full time, 12% partial time. 35% of patients 
went to a special school with education for the deaf at age 
10 years. In the study population, we observed a signifi-
cant effect of multilingualism on the outcome of speech 
acquisition. There was no significant effect for age of im-
plantation younger than age 2 years.

Conclusions: The weak point in speech and language de-
velopment of children at the age of 10 years remained 
their auditory capability, whether the speech perception 
and production approached in more than 50% the normal 
range of children at the age 6 to 10 years. There was nev-
ertheless a surprisingly strong variance in language devel-
opment in all children with cochlear implants.

FP101

Cochlear Implants in single-sided deaf children: 
The Würzburg experience

Anja Kurz, Ute Geiger, Mario Cebulla, Rudolf Hagen, 
Wafaa Shehata-Dieler

Julius-Maximilians-Universitätsklinikum Würzburg

Background: Cochlear implantation (CI) in singled-sid-
ed deafness (SSD) is an established treatment method for 
adult patients and has become an option of children in the 
last few years. The benefits of speech understanding and 
improved localization are, especially for children, variable. 
Since 2010, an interdisciplinary follow up program for all 
hearing-impaired children aiming to systematically collect 
follow-up data for evaluation of interventions and thera-
pies has been developed and applied at the Comprehen-
sive Hearing Center in Würzburg. Within this program, 
children with single-sided deafness were implanted with 
a cochlear implant and regularly observed.

Material and methods: Seven SSD children were implant-
ed with cochlear implants at different age levels (3.5–16 
years). Two children were congenital deaf, 4 post-lingual 
(>4 years), and one perilingual (2–4 years) deafened. The 
etiology of deafness varied, but the evidence of a cochle-
ar nerve was confirmed. According to the follow-up pro-
gram, audiological data were collected at time intervals 
of 3, 6, 12, 18, 24, 36, and 48 months after implantation. 
Speech perception in quiet and in noise as well as sound 
localization ability was tested using age-appropriate ma-
terial at every interval appointment. All conditions were 
tested unaided and with the CI activated.

Results: Audiological data reveal that speech understand-
ing in quiet and in noise could be measured in all children 
in the NH+CI condition. Speech perception was improved 
in noisy conditions with the CI. Furthermore, better local-
ization abilities with the CI were developed within the first 
12 months. All children wear their CI every day.

Conclusions: The implanted SSD children show im-
proved speech perception and benefit in spatial hearing 
and localization.

FP102

Fitting information and outcomes for paediatric 
auditory brainstem implant users

Julie Kosaner1, Svetlana Bayguzina2, Yildirim Bayazit3

(1) MED-EL Hearing Implant Company
(2) Meders Speech and Hearing Clinic
(3) Medipol University Hospital

Background: Six congenitally deaf children with signifi-
cant inner ear or 8th nerve anomalies were implanted with 
an auditory brainstem implant (ABI). ABI implantation in-
volves intradural surgery, which can carry higher risks than 
other hearing implant surgeries. Furthermore, program-
ming the audio processor is challenging and rehabilitation 
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arduous. The number of paediatric ABI users and length 
of usage worldwide is limited, as are reported outcomes. 
Here, information is provided on the benefits of ABI us-
age to justify paediatric intervention with an ABI.

Material and methods: Data was retrospectively extract-
ed from six unilateral paediatric ABI user files. All users 
had MED-EL ABIs. The mean age at switch on was 36 
months (range 21–72), with a mean length of ABI use of 
46 months (range 22–72). Program thresholds were set us-
ing play or visual reinforcement audiometry techniques. 
Maximum comfort levels (MCL) were set based on loud-
ness, observation of user’s behaviour, measuring electrical-
ly elicited stapedius reflexes, reaching maximum output of 
the implant, and by modifying programming parameters 
according to results of aided cortical assessment (ACA). 
Post fitting, sound field thresholds (SFT) were measured 
and ACA carried out. Following interviews with parents 
and observation of parent–child interactions, the category 
of auditory performance and a Manchester Spoken Lan-
guage Development Scale level were awarded. Closed set 
word recognition tests were also carried out.

Results: By assessing results from each user, the mean 
MCL charge was recorded at 140 qu, with a mean rate 
of 521 pps. The mean number of active electrodes was 8. 
MCL could not be increased further for three of the users 
due to adverse effects on some electrodes. One user’s MCL 
was limited due to reaching maximum available charge. 
The mean SFT of these ABI users was 42 dB HL (range 
30–55). Five ABI users had a CAP of 5, and one a CAP of 
4, with MSLDS levels ranging from 5 to 7. All users had 
aided cortical P1 responses to /m/, /g/, and /t/, and closed-
set word recognition (set size 6–12) through audition only.

Conclusions: All users in this cohort benefited significant-
ly from their ABIs. Access to sound provided by their im-
plant devices allowed them to develop their speech lan-
guage skills. Therefore, it can be concluded that ABI’s are 
an effective solution for the paediatric population with se-
vere inner ear or 8th nerve anomalies.

FP103

Predicting outcomes of children with cochlear 
implants: Findings from the LOCHI study

Robert Cowan1, Teresa Ching2, Patricia Van Buynder2, 
Laura Button2, Mark Seeto2, Harvey Dillon2

(1) The HEARing CRC
(2) National Acoustic Laboratories

Purpose: To identify factors that influence 5-year language 
and speech outcomes of children with congenital hearing 
loss who received cochlear implants.

Material and methods: Participants were enrolled in the 
Longitudinal Outcomes of Children with Hearing Impair-
ment (LOCHI) study, a population-based study of some 
475 children that is investigating the outcomes of chil-
dren with congenital hearing loss in a prospective man-
ner. Children were evaluated at 3 and 5 years of age, us-
ing a battery of standardised tests and custom-designed 

tests. Parent reports on functional and psychosocial out-
comes were solicited. Using regression analyses, this study 
examined the influence of a range of child-, family-, and 
intervention-related factors on the language and speech 
outcomes of children at 5 years of age.

Results: Age at implantation and nonverbal cognitive abil-
ity accounted for 58% of the variance in language perfor-
mance. In addition, the absence of additional disabilities 
and the use of oral communication were significant fac-
tors influencing outcomes. The effect of delays in age at 
implantation on language outcomes was also quantified.

Conclusions: Findings highlight the effectiveness of ear-
ly treatment for improving child outcomes, and the ne-
cessity to monitor early outcomes to ensure that children 
who require cochlear implantation receive the interven-
tion early, preferably before 12 months of age.

FP104

Speech perception in children with a cochlear 
implant

Sanja Spric

UKC RS Banja Luka

Background: Children with cochlear implant tend to de-
velop speech abilities similar to their normal hearing peers. 
Obviously age of implantation plays significant role. Brain 
plasticity decreases with age so early implantation is man-
datory. We studied difference in speech development in 
different times of implantation in ages up to 5.

Material and methods: We analyzed results of closed and 
open-set words in quiet and noise as well as sentence per-
ception in 31 cochlear implanted children. They were di-
vided into two groups; 12 were implanted before 2 years 
of age and 19 were implanted between 3 and 5 years of 
age. We used four tests: 1. Closed set for monosyllab-
ic words in quiet and noise 12 months after switched on 
implants. 2. Open set for monosyllabic and polysyllabic 
words in quiet 12, 24, and 36 months after we switched on 
the implants. 3. open set for polysyllabic words in noise, 
24 and 36 months after we switched on the implants. 4. 
open set sentence perception 36 months after switch on 
of the implants.

Results: The results of our study indicate a significant in-
fluence of duration of implant use on speech perception 
and intelligibility. Listening in demanding situations, like 
in background noise, is significantly better if the implan-
tation was made before 2 years of age.

Conclusions: Duration of implant use significantly im-
prove speech abilities in children implanted up to 5 years 
of age. Age at the implantation has a positive effect on 
speech abilities development especially if the listening is 
in demanding situations like in terms of background noise. 
Children implanted before 2 years of age have gradual, con-
tinuous, and more natural improvement in speech abili-
ties Those who are implanted between 3 and 5 years of age 
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expressed delay in listening skills 2 years postoperatively 
and significant improvement after this time.

Free Paper Session 17 | Diagnostic methods in 
audiology

FP105

Validation of the Italian version of the 
Acceptable Noise Level Test

Federica Di Berardino1, Anna Gasbarre2, Eliana 
Filipponi3, Diego Zanetti2

(1)  I.R.C.C.S. Fondazione “Cà Granda”, Osp.le Maggiore 
Policlinico, University of Milan

(2)  Audiology Unit Fondazione IRCCS Ca’ Granda Osp.le 
Maggiore Policlinico – University of Milan

(3)  Audiology Unit Fondazione IRCCS Ca’ Granda Osp.le 
Maggiore Policlinico

Background: The Acceptable Noise Level (ANL) test was 
developed by Nabelek A. et al in the early 1990s; it is a 
measure of noise tolerance and has been proposed as a 
predictor for successful hearing aid use. Aim of this work 
is to validate the Italian version of ANL test in adults.

Material and methods: ANL was determined in normal 
hearing subjects and in hearing aid (HA) users, affected 
by mild to severe bilateral cochlear hearing loss. All sub-
jects underwent otomicroscopy, pure-tone and speech 
audiometry with and without HA and immitance audi-
ometry. Test–retest has been performed after 15 days in 
normal hearing and hearing impaired subjects. Ninety sub-
jects with HA has been tested and divided in two groups 
according to the outcome at International Outcome In-
ventory for hearing aids. In a subgroup of 10 of “unsatis-
fied“ subjects, ANL was also tested with optimization of 
fitting with new HA.

Results: Test–retest reliability was high (intraclass correla-
tion coefficient was 0.95; interval of confidence: 0.88–0.98). 
ANL values were higher in hearing impaired subject (with 
and without HA) compared to normal hearing subjects. 
(p<0.001) The use of HA significantly varies the ANL val-
ues of each subject, independent by the grade of hearing 
loss (p<0.001). In accordance with literature, no significant 
correlation was found between IOI_HA and ANL values.

Conclusions: The Italian version of ANL was shown to be 
an accurate and sensitive tool in rehabilitation with HA 
and proved to give comparable results to data from other 
languages reported in the literature.

FP106

Could manipulation style of the tuning forks 
produce so much different results leading to 
misinterpretation of audiological test outcomes?

Suleyman Boynuegri1, Mustafa Yuksel2, Yusuf Kemaloglu3

(1) Ankara Numune Training and Research Hospital
(2) Marmara University Faculty of Health
(3) Gazi University Faculty of Medicine

Background: Tuning forks (TFs) still have a priority for 
physicians to evaluate hearing of subjects before refer-
ring to audiology. Besides, many surgeons consider that 
negative Rinne test by 512-Hz TF is a selection criteri-
on for otosclerosis surgery. There has been controver-
sial data about accuracy of Rinne test in relation to gap 
by PTA. Further although the textbooks recommend that 
TFs should be vibrated by psiform strike (PS) and then let 
the subject listen to its tuning through the vibrating axis 
of forks (TVA), various modalities are common in prac-
tice. Aim of this study is to compare i) striking styles (PS 
with pinching the forks between the fingers (FP)) to tune 
TFs and ii) replacing modes (TVA with perpendicular to 
its vibrating axis (PVA)).

Material and methods: C2 and C3 TFs were tuned by 15 
physicians by both PS and FP. After being struck, the TFs 
were replaced to a distance, which was 3 cm away from 
the microphone in TVA and PVA modes. Fundamental 
frequency (FF) and first and second overtones and their 
decay times (DTs) were analysed in the Praat sound anal-
ysis program.

Results: It was observed that although FF was not statisti-
cally different between PS and FP (518.48 and 518.84 Hz 
for C2-TF and 1031.37 and 1037.2 Hz for C3-TF), DT of 
C2-FF was significantly longer by FP (70.94 seconds) than 
PS (67.42 seconds). Further, it was found that FFs of the 
recordings via TVA mode were higher than those of PVA 
(518.48 vs. 512.57 Hz for C2 and 1031.37 vs. 1025.66 Hz 
for C3-TF). The difference for C2-TF was statistically sig-
nificant. No difference was found in FF-DTs of C2-TF be-
tween two recording modes, while FF-DT of C3-TF was 
statistically longer in the recordings through the vibration 
axes of the TFs (37.62 vs. 30.81 seconds).

Conclusions: Even if it is significant, small frequency shifts 
between striking and recording modes does not appear to 
be important regarding PTA. However, DT could be im-
portant particularly when Rinne test with threshold com-
parison method was used to find out the gap. This study 
clearly shows that replacing the TFs against the ear in TVA 
mode makes sound-duration shorter. That could turn to 
“negative” Rinne test, even if gap in audiogram is not much 
higher. On the other hand, FP provides longer duration. 
If use of Rinne test for corroboration of PTA for case se-
lection for stapes surgery is still kept as a recommended 
clue, following the classical recommendations (PS-TVA) 
for TF use appears to be important.
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Alternative representation of wide-band 
tympanometry for daily clinical practice

Christof Stieger, Flurin Honegger, Ferdinand Gygli

University of Basel Hospital

Background: Wide-band tympanometry from 200–8000 
Hz was clinically introduced in our institution in 2014 us-
ing a commercial device (Titan, Interacoustics, Denmark).

Material and methods: For our standard clinical proce-
dure, we perform a conventional tympanogram followed 
by a wide-band tympanometry and an absorbance meas-
urement at 0 daPa. Then stapedial reflex measurements are 
performed. For the reviewing ENT specialist a 3D diagram 
with the three axes absorbance, pressure, and frequency is 
provided. A second plot shows the absorbance at 0 daPa 
with examples of different pathologies such as otosclero-
sis and ossicular dislocation. Despite informative presen-
tations, the clinical value of this novel diagnostic instru-
ment is still considered low by medical staff. One reason 
for this might be that the additional value of the absorb-
ance measurements at different pressures is not clear. An-
other explanation could be that the data representation is 
too complicated. Nakajima [1] described a simplified two 
dimensional representation with the mean absorbance 
on one axis and the mean air bone gap on the other axis. 
With such a plot, stapes fixation, ossicular discontinuity, 
or dehiscence of the semicircular canals could have been 
detected in a single plot. However the data includes only 
the absorbance at 0 daPa.

Results: We aimed to design a 2D plot similar as shown 
by Sun [2] including all frequencies and pressures. Based 
on 50 normal ears we present normative date and inves-
tigated the use of multi-dimensional pattern recognition 
to differentiate between different pathologies.

Conclusions: Wide-band tympanometry is technically 
easy to perform but further investigations of the repre-
sentation seem to be needed to provide an additional val-
ue in daily clinical practice.

References:
1.  Nakajima HH et al. Assessment of ear disorders using 

power reflectance. Ear Hear, 2013; 34(Suppl 1): 48S–53S.
2.  Sun XM. Wideband acoustic immittance: normative 

study and test–retest reliability of tympanometric meas-
urements in adults. J Speech Lang Hear Res, 2016; 59: 
819–34.

FP108

Comparison of absorbance values before and 
after ventilation tube insertion

Samet Kiliç¹, Merve İkiz¹, Suna Yılmaz¹, Levent 
Sennaroğlu²

(1)  Hacettepe University, Faculty of Health Sciences, Department 
of Audiology

(2) Hacettepe University, Faculty of Medicine

Objectives: Ventilation tube insertion, also known as tym-
panostomy tube insertion, is the placement of a pressure 
equalizer tube into the tympanic membrane. This surgical 
procedure treats middle ear fluid, which, when it persists 
in the middle ear space, can cause otitis media (acute or 
chronic) in addition to hearing loss. The ability to meas-
ure absorbance shows the acoustic energy absorbed into 
the middle ear as a function of frequency 226–8000 Hz. 
The aim of this study is to compare the absorbance val-
ues of before and after the ventilation tube insertion for 
children who has serosis otitis media.

Material and methods: 15 children between the ages of 1 
and 8 years were included this study. The study was con-
ducted in the department of audiology, Hacettepe Uni-
versity. Individuals were assessed for without pressure ab-
sorbance measures before ventilation tube insertion and 
one week later from ventilation tube insertion. 6 frequen-
cies (226, 500, 1000, 2000, 4000, and 8000 Hz) were se-
lected from absorbance graph and results were compared 
between pre-op and post-op measures.

Results: A statistically significant difference values were 
found between pre-op and post-op measures with all six 
selected frequencies (for 226 Hz p=.023, for 500 Hz p=.005, 
for 1000 Hz p=.001, for 2000 Hz p=.001, for 2000 Hz 
p=.001, for 4000 Hz p=.001, for 8000 Hz p=.001).

Conclusions: These findings show that wideband absorb-
ance is sensitive to treatment. It is neccesary to work with 
more patients and different age groups in order to show 
effectiveness of wideband absorbance for monitoring ven-
tilation tube insertion.

FP109

Reliability of the Adaptive Categorical Listening 
Effort Scaling (ACALES) procedure: How 
training and number of presented sentences 
influence subjective listening effort ratings

Michael Schulte, Melanie Krueger, Markus Meis, Kirsten 
C. Wagener

Hörzentrum Oldenburg GmbH and Cluster of Excellence 
„Hearing4all”, Oldenburg, Germany

Background: ACALES is a new tool to evaluate the sub-
jective listening effort (LE) in a handy way in the labora-
tory. In a first phase ACALES estimates the SNR range 
in which LE can be rated between the edges “no effort” 
and “extreme effort”. In the next steps the stimuli at SNRs 
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between these edges are presented and rated. Here we eval-
uate whether the first phase can also be used for training. 
Another question is whether two or three sentences have 
to be presented before a reliable rating can be made. Cur-
rently, the participants have to listen to at least three sen-
tences and two sentences would reduce the overall meas-
urement time.

Material and methods: 16 young normal hearing subjects 
(mean age 22.7 years, PTA4 below 10 dB HL) participat-
ed. As speech material the sentences of the Oldenburg 
sentence test were used in two different maskers: the ol-
noise and the modulated International Fluctuating Female 
Masker (IFFM). Overall 4 conditions were tested: 2 sen-
tences presented prior rating in Olnoise (olnoise2) or in 
IFFM (IFFM2), and 3 sentences presented prior rating in 
Olnoise (olnoise3) or in IFFM (IFFM3). All subjects per-
formed one run which consisted of phase 1 of ACALES 
only and 3 complete runs in one block per condition.

Results: Mean duration per run was: olnoise2: 222s; 
IFFM2: 262s; olnoise3: 320s; IFFM3: 367s. Duration of 
the 2 sentence conditions were significantly lower as the 
3 sentence conditions. Using IFFM as masker yielded to 
significantly longer durations compared to olnoise. No dif-
ferences between the mean response latencies were found. 
Also no significant training effects on LE were found but 
small differences in median LE values for the rating of ex-
treme effort between run1 and run2. The mean gof was 
for run1: 0.93; run2: 0.90; run3: 0.92; run4: 0.90. The rat-
ings of LE did not differ between olnoise2 and olnoise3. 
However, the ratings of IFFM2 were significantly below 
the ratings of IFFM3.

Conclusions: The small differences in gof and response la-
tencies indicate stable ratings by subjects. The differences 
in LE were not significant but for ratings of “extreme effort” 
small differences might exist which indicate that a short 
training is necessary. There was a tendency for higher LE 
ratings in IFFM3 conditions compared to IFFM2 which 
indicates that ratings depend on the number of present-
ed sentences prior rating. Generally we suggest present-
ing three sentences prior rating with one short training 
run to get the subjects used to the material and procedure.

FP110

Evaluation of otoscopy simulation as a training 
tool for real-time remote otoscopy

Frederic Venail1, Mohamed Akkari2, Fanny Merklen2, 
David Schmitt2, Michel Mondain2, Thibault Mura2

(1) University Hospital of Montpellier
(2) CHU Montpellier

Background: Teleaudiology is of growing interest and re-
lies on the use of teleotoscopy as a critical first step, al-
lowing image and video streaming of remotely performed 
otoscopies. However, teleotoscopy also requires the assis-
tance of telehealth facilitators; their basic training require-
ments remain to be determined.

Hypothesis: The purpose of this study was to evaluate the 
use of an otoscopy simulator to train facilitators, and to 
compare the accuracy of diagnoses made using the simu-
lator with regular (onsite) otoscopies versus remote otos-
copies sent via the Internet using a teleaudiology platform.

Material and methods: Three experts twice carried out 
the diagnostic identification of ten different pathological 
images using the otoscopy simulator (image sets 1 and 2). 
During set 2, experts were also asked to perform an iden-
tification task of significant anatomical landmarks, using 
a specific mode of the simulator. The experts were then 
asked to provide a diagnosis and perform the landmark 
identification task remotely (set 3), with the help of three 
facilitators with no previous experience in otoscopy who 
received basic training.

Results: Remote otoscopy was more accurate than regular 
otoscopic examination (p=0.05), with a good inter-rater 
agreement for both regular (κ=0.85 and 0.81, respective-
ly, for sets 1 and 2) and remote otoscopy (κ=1). The use 
of a facilitator did not increase the time taken to perform 
the landmark identification task.

Conclusions: An otoscopic simulator coupled to teleau-
diology software can be used to efficiently train both ex-
perts and telehealth facilitators to perform remote otos-
copy, and provides a fair accuracy of diagnosis.

Free Paper Session 18 | Cochlear implants: 
preprocessing and outcome
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Noise reduction algorithms aNR and SpatialNR: 
Audiometric test results

Matthias Hey1, Thomas Hocke2, Britta Böhnke1

(1) ENT Clinic, UKSH
(2) Cochlear GmbH

Background: Two research noise reduction algorithms 
were assessed. The aNR algorithm is designed to reduce 
background noise by frequency specific cues and the Spa-
tialNR algorithm aims to separate noise from speech due 
to additional use of microphone directionality. This study 
is going to analyze the effectiveness of methods for noise 
reduction. Speech comprehension tests in quiet and in 
noise were performed using the sound processor CP900. 
The following hypotheses were tested: (1) aNR is better 
in quiet speech compared to standard noise reduction; 
(2) SpatialNR shows comparable speech comprehension 
in stationary and in babble noise for S0N0; (3) SpatialNR 
shows improved speech comprehension in spatially-sep-
arated noise.

Material and methods: Noise reduction methods were 
compared in CI users concerning speech intelligibility in 
quiet for monosyllabic words at different intensities and 
for sentences in noise for various acoustic conditions (sta-
tionary and modulated noise; different noise source po-
sitions). CP900 serves as a baseline condition for speech 
comprehension utilizing standard SmartSound options. 
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18 CI patients wearing a CP900 sound processor (Coch-
lear Limited) took part in the investigations. All patients 
showed postlingual onset of profound sensorineural hear-
ing loss. Intra-individual comparisons were performed. Ex-
amination of differences in speech comprehension were 
measured for each noise reduction algorithm after 2–3 
weeks adaptation.

Results: aNR shows better word comprehension for soft 
sounds as standard noise reduction. Improved speech com-
prehension is found for SpatialNR with S0N0 testing. There 
is a tendency of improved speech comprehension using 
SpatialNR compared to aNR in fluctuating noise (S0N0). 
Best speech comprehension was found for separated noise 
sources when using SpatialNR in fluctuating noise.

Conclusions: aNR and SpatialNR showed improved speech 
comprehension in different tested conditions. This shows 
potential to improve speech comprehension for specific lis-
tening situations by offering specific SmartSound options.

FP112

Noise reduction algorithms aNR and SpatialNR: 
Subjective feedback

Britta Böhnke, Matthias Hey

ENT Clinic, UKSH

Background: Noise reduction technologies have been 
shown to improve speech perception for cochlear implant 
(CI) recipients, but real-world sound quality ratings are 
less understood. Two such technologies are an automated 
background noise reduction technologies (aNR) and a di-
rectional noise reduction technology (SpatialNR). We in-
vestigated the benefit of CI patients using aNR and Spatial-
NR in contrast to standard processing in the CP900 series 
sound processor (Cochlear Limited). Subjective improve-
ment on the basis of the Hearing Implant Sound Quali-
ty Index (HISQUI19), a numeric rating scale (NRS), and 
the take home use of a voting tool were assessed. The HIS-
QUI19 is developed as an instrument for quantifying the 
self-perceived level of auditory benefit that CI users ex-
perience in everyday hearing situations.

Material and methods: In randomized order we pro-
grammed the sound processor of 11 CI patients utilizing 
the SmartSound options SNR-NR, aNR, and SpatialNR. 
This was followed by a 2–3 weeks take-home phase. At each 
clinic visit the patients completed the HISQUI19. At the 
take home phase with SpatialNR we programmed the Re-
mote Assistant CR230 as a research voting tool to detect 
the preferred SmartSound option in everyday situation.

Results: In most cases the HISQUI score for SpatialNR 
show a better hearing quality than with SNR-NR and aNR. 
The same trend appeared for the results of the NRS. The 
analysis of the voting tool show that the patients prefer 
SmartSound option SpatialNR in noise and in a situation 
with speech and noise, whereas in quiet situations the 
preference is for aNR.

Conclusions: The HISQUI19 and NRS gave a global over-
view of the whole take home period, showing no specific 
differences for this study. The voting Tool is an adequate 
instrument to get a detailed subjective feedback from the 
patients in their specific acoustic environment and showed 
a preference for spatialNR in complex and aNR in qui-
et situations.

FP113

Off-the-ear cochlear implant sound processor: 
Directional microphone and processor location 
considerations

Stefan Mauger

Cochlear Limited

Background: Off-the-ear (OTE) cochlear implant sound 
processors have been recently introduced. By integrating 
the coil, processor, and microphones into a single unit, the 
sound processor is worn over the implant site providing a 
more discreet wearing location, but also introduces limi-
tations due to microphone position.

Material and methods: Twenty experienced cochlear im-
plant users completed this study. Participants were fitted 
with a Kanso OTE sound processor. Speech perception 
testing was performed in quiet, and in collocated and spa-
tially-separated noise. User surveys were used to collect a 
range of performance and usability ratings compared to 
participants behind-the-ear sound processors. Addition-
al analysis of sound processor location was performed 
to understand the effect of wearing location on perfor-
mance outcomes.

Results: The use of dual microphones provided a signifi-
cant speech perception improvement of 6.9 dB compared 
to a single-microphone sound processor, demonstrating 
the benefits of directional microphones in an OTE sound 
processor. Strong and adaptive directional microphones 
were also able to show a significant improvement compared 
to a moderate directional microphone. Clinical analysis of 
the wearing location did not show a correlation between 
location and performance, although additional analysis 
will discuss the considerations of location for an OTE 
sound processor. Users rated the OTE sound processor as 
the same or better than their own BTE sound processor.

Conclusions: Clinical assessment of a dual-microphone 
OTE sound processor has demonstrated its performance, 
usability, and acceptance. As the wearing location provides 
limitations due to head shadow effects, dual microphones 
are critical for OTE sound processors in providing accept-
able speech understanding and user rating performance 
outcomes. Although implant location may be a consider-
ation for current users considering an OTE sound proces-
sor, clinical outcomes suggest Kanso is suitable for users 
with a wide range of implant locations.
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FP114

Improving speech intelligibility for bimodal 
listeners using binaural VoiceStream technology

Regina Baumgärtel1, Martina Brendel1, Emily Cardenas2, 
Holly Yeo2, Sarah Downing2

(1) Advanced Bionics GmbH
(2) Advanced Bionics LLC

Background: Cochlear implants (CIs) are commonly used 
in the rehabilitation of severe to profound deafness. CI re-
cipients usually show substantial speech intelligibility in 
quiet listening situations. However, in even moderately 
challenging listening situations, such as speech present-
ed at lower levels or in the presence of competing noise, 
speech perception scores drop below the level required 
to support practical communication. In unilaterally im-
planted CI users with aidable residual hearing in the con-
tralateral ear, the CI benefit can be enhanced by providing 
a hearing aid (HA) to the contralateral ear. This rehabil-
itation option is termed bimodal hearing. The ability to 
access low-frequency hearing through the HA can help 
speech intelligibility in noise, improve music and voice 
pitch perception, and provide better sound quality over-
all for unilateral CI recipients.

Material and methods: A wireless link between the CI 
processor and the contralateral HA enables full bandwidth 
audio streaming from one device to the other. Besides the 
ability to provide audio signals from one side of the head 
to both devices, the wireless link also permits improved 
spatial signal processing (beamforming). Both features 
were evaluated in 19 adult bimodal listeners using speech 
intelligibility measurements in noisy listening conditions.

Results: All listeners but one derived a speech intelligi-
bility benefit in noise from the addition of the HA to the 
contralateral ear (bimodal benefit). For speech presented 
from the front in competing noise, the binaural beamform-
ing algorithm StereoZoom provided an additional speech 
intelligibility benefit of 21% resulting in a total benefit of 
42% on average, compared to the CI alone. When speech 
was presented to the HA ear and competing noise to the 
CI ear, wireless streaming of the HA signal to the CI pro-
vided a speech intelligibility benefit of 61% compared to 
the CI alone.

Conclusions: Using advanced acoustic signal-processing 
techniques and wireless streaming between a CI and a HA 
can greatly strengthen the communication abilities of bi-
modal listeners by increasing the signal-to-noise ratio at 
the input to both ears.

FP115

Directional microphone contralateral routing 
of signals in cochlear implant users: A within-
subjects comparison

Wilhelm Wimmer, Martin Kompis, Stefan Weder, Marco 
Caversaccio

University Hospital Bern (Inselspital)

Background: Bilateral cochlear implantation is not always 
possible due to medical or financial reasons. For unilater-
al cochlear implant (CI) recipients with bilateral sensori-
neural deafness, a contralateral routing of signal (CROS) 
device may be an alternative. This study aimed to investi-
gate the benefit of a CROS device with a directional mi-
crophone in 3 different conditions in the same patient 
population: (1) unilateral CI alone, (2) unilateral CI com-
plemented by a CROS device, and (3) bilateral CI usage.

Material and methods: Twelve experienced bilateral CI 
recipients were included in the study. For each participant, 
both audio processors were programmed with a fixed di-
rectional microphone setting. An external directional mi-
crophone was clipped to the processor on the poorer CI 
side (CROS device). The microphone was connected to a 
wireless receiver on the better CI side. Speech reception 
in noise was assessed with a German matrix test (OLSA). 
A multi noise field was generated by presenting uncorre-
lated speech babble noise from 0° (front), 90°, 180°, and 
270°. Speech was presented from the front (S0NDIFF), the 
side of the CROS device (SCROSNDIFF), and the side con-
tralateral to the CROS device (SCINDIFF). Sound local-
ization was assessed using 12 loud speakers arranged in 
the horizontal plane. Three white noise stimuli were pre-
sented in random order from each speaker. The mean ab-
solute localization error (LE) and the percentage of cor-
rectly identified speakers (PC) were assessed.

Results: The CROS device provided better speech intel-
ligibility in noise compared to the unilateral CI situation 
in the S0NDIFF (1.9 dB, mean improvement, p<0.01) and 
SCROSNDIFF (1.7 dB, p<0.01) situations. Larger improve-
ments were observed in the bilateral CI condition com-
pared to the unilateral CI condition (S0NDIFF, 3.8 dB, 
p<0.01; and SCROSNDIFF, 7.2 dB, p<0.01). In the SCIND-
IFF case, the mean differences between the hearing condi-
tions were smaller than 0.5 dB. Sound localization was not 
improved by the CROS device (mean differences PC=1%, 
LE=3°). In the bilateral CI condition, sound localization 
was largely improved (mean difference PC=20%, LE=42°; 
both p<0.01).

Conclusions: In bilateral deafened patients, bilateral im-
plantation is the most preferable form of treatment. How-
ever, patients with one CI only could benefit from an ad-
ditional directional microphone CROS device.
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Long-term spatial hearing improvement and 
suppressive effect on tinnitus after cochlear 
implantation in profoundly single-sided deaf 
patients

Griet Mertens, Paul Van de Heyning

Antwerp University Hospital

Background: The authors previously demonstrated that 
tinnitus resulting from unilateral hearing loss (UHL) can 
be treated with a cochlear implant (CI). The study aimed to 
do a long-term (LT) evaluation of tinnitus relief and binau-
ral auditory outcomes in UHL CI recipients up to 10 YR.

Material and methods: LT evaluation was derived from 
23 subjects with UHL and accompanied incapacitating tin-
nitus. A structured interview was conducted. The tinnitus 
loudness Visual Analogue Scale (VAS) and the Tinnitus 
Questionnaire (TQ) were obtained pre-operatively, 1, 3, 6, 
12, and 36 months post-operatively and at the LT evalu-
ation. Speech perception in noise and sound localization 
were assessed for the CI OFF and for the CI ON condition.

Results: The structural interview revealed that all patients 
still wear their CI seven days a week at the LT evaluation. 
In the SSD group, tinnitus suppression is still the prima-
ry benefit reported (83%), whereas in the AHL the ma-
jority of the subjects (55%) report that the primary ben-
efit shifted to improved hearing. The VAS and TQ scores 
significantly improved up to 3 months after the first fit-
ting and remain stable up to the LT evaluation. In the SSD 
group, a significant combined head shadow effect and an 
SRM benefit were found. In the AHL group, the summa-
tion effect, the squelch effect, the combined head shadow 
effect, and SRM benefit were significant at LT evaluation. 
A significant benefit in the CI ON condition was found 
for sound localization compared with the CI OFF condi-
tion in the UHL study cohort.

Conclusions: CI can significantly restore binaural hear-
ing in SSD. The accompanied tinnitus relief appears to be 
stable over LT follow-up.

FP117

Loudness scaling and localization of cochlear 
implant users with single-sided deafness

Anne Hast1, Paul Lehmann1, Patrick Munder2, Matthias 
Hey2, Ulrich Hoppe1

(1) HNO-Klinik Erlangen
(2) Universitätsklinikum Schleswig-Holstein, Campus Kiel

Background: One major goal after cochlear implantation 
in patients with single-sided deafness (SSD) is the improve-
ment of localization capabilities. Aim of this study was to 
compare the loudness perception of different signals of 
the normal hearing ear and the cochlear implanted ear in 
SSD patients, and to investigate their localization skills.

Material and methods: Ten adult SSD patients, experi-
enced cochlear implant listeners, had been enrolled in this 
study. All patients had been fitted with a CP910 sound-
processor (Cochlear), and used ACE as speech coding 
strategy with 8 maxima, 900 Hz, and the same acoustic 
dynamic range (T-SPL 25 dB, C-SPL 65 dB). Loudness-
growth functions were obtained for five different stimuli 
(CCITT noise, FASTL noise, Oldenburger sentences, Old-
enburger noise, 1 kHz narrowband noise) for the normal 
hearing ear as well as for the implanted ear. Localization 
measurements had been performed using a German sen-
tence in a free-field condition for 50 dB, 65 dB, and 80 dB 
sound pressure levels.

Results: Loudness judgements were similar for all five dif-
ferent stimuli comparing the CI fitted ear with the nor-
mal hearing ear. However, some significant differences 
were observed for the 1 kHz narrowband noise for high-
er sound pressure levels. Localization capabilities were as 
well poorer for these higher sound pressure levels: angle 
deviations of 14.6±5.4° for 50 dB, 17.5±6.9° for 65 dB, 
and 24.3±3.42° for 80 dB sound pressure levels had been 
measured. Loudness scaling capabilities correlate signifi-
cantly (p=0.0075) with the hearing thresholds of the nor-
mal-hearing ear at 2 kHz.

Conclusions: Results show that loudness perception of 
the normal hearing ear and the cochlear implanted ear in 
SSD patients is not equal, and localization capabilities are 
best for lower sound pressure levels. SSD patients might 
benefit from a more sophisticated loudness balancing be-
tween both sides.

Free Paper Session 19 | Age-related hearing loss (2)

FP118

Older adult’s expectations of cochlear implants

Angelika Illg

Medical University of Hannover

One-quarter of our patients receiving cochlear implants 
(CI) are older than 60 years. These patients were ques-
tioned up to 12 months after first cochlear implantation 
to find out the reasons for their decision, their expecta-
tions on and their experiences with their CI. The data of 
the first 18 questionnaires were evaluated and will be pre-
sented. During the decision-making process 50% of the pa-
tients got in contact with other CI users and other 37.5% 
of the patients stated that they would have used this op-
portunity if offered to them. During this decision pro-
cess, 31.25% of the patients were concerned themselves 
about the uncertainty regarding the new kind of hearing. 
Most patients (n=17) stated that they had preoperatively 
high expectations in hearing with the CI. Postoperatively 
these expectations were fulfilled for all patients in quiet 
situations, but only for five patients in a noisy surround-
ing. Also some results about cognitive development after 
implantation can be shown during this report. 14 patients 
stated that they improved in paying attention to conversa-
tions. 50% of the patients can better remember the content 
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of a conversation than before implantation. Additionally, 
speech comprehension data will complete this evaluation.

FP119

Central age-related hearing loss: An integrative 
view of brain structural, brain functional, 
and audiometric data with a focus on prosody 
perception

Nathalie Giroud1, Sarah Hirsiger2, Matthias Keller1, 
Andrea Kegel3, Norbert Dillier3, Volker Dellwo1, Martin 
Meyer1

(1) University of Zurich
(2) Psychiatric Hospital of the University of Zurich
(3) University Hospital Zurich

Background: Recent studies suggested a contribution of 
central auditory factors in age-related hearing loss, in ad-
dition to damage of the cochlea. It has been shown that 
presbycusis is not only related to high audibility thresh-
olds, but also to impairments in auditory perception. For 
example, behavioral studies suggest that older adults (OA) 
have difficulties in processing rapidly changing speech 
cues in contrast to slowly changing speech cues (e.g. pros-
ody). However, it is still a matter of debate how to meas-
ure central hearing loss (behaviorally and biomarkers) 
and which neurological changes modulate speech pro-
cessing with aging.

Material and methods: The present multimodal neuro-
imaging study bridges the gap between structural age-re-
lated decline measured by cortical thickness (CT) in bi-
lateral auditory areas (Planum Temporale, Planum Polare, 
Heschl’s Gyrus, Heschl’s Sulcus, Supratemporal Gyrus and 
Sulcus), auditory brain function reflected in mismatch 
negativities (MMNs) evoked by prosodic speech process-
ing, and supra-threshold audiometric performance in pe-
ripherally normal hearing younger controls (YA) (N=13, 
mean age=24.15 years) and peripherally normal hearing 
OA (N=23, mean age=72.39 years).

Results: Despite the lower performance of OA in supra-
threshold audiometric tests with rapidly changing cues 
(e.g. voice onset time, short vowels, short tones) and low-
er CT in all auditory areas (left and right), neither the per-
formance in a prosody task nor MMNs evoked by prosodic 
processing were different between YA and OA. However, 
while thinner cortices in right auditory regions (mainly 
Heschl’s Sulcus and Planum Temporale) were related to 
lower MMN amplitudes in both groups, thinner cortices in 
left auditory areas were related to higher MMN amplitudes 
in OA only (analyses corrected for pure tone thresholds).

Conclusions: The present study highlights the relevance of 
morphological changes of the central nervous system in the 
context of central age-related hearing loss. Furthermore, 
the relations between CT and MMN amplitudes are in line 
with the ‘Asymmetric Sampling in Time’ model and point 
to an age-related from left-to-right compensatory process 
during speech processing. Additionally, these findings sug-
gest that prosodic processing does not decline with age. 

These results may help to develop novel strategies coping 
with the decline of central hearing in OA.

FP120

Dual task of listening while walking: Effects of 
age and hearing. A comparison between young, 
middle-aged, and older adults

Limor Lavie

University of Haifa

Background: Hearing loss in the elderly is associated with 
increased risk of falls. Older adults rely more on executive 
functions rather than automatic control of gait. Conse-
quently when engaged in simultaneous tasks (e.g. walking 
and talking on the phone) attention resources are divided 
between two tasks and the efficiency of one or both tasks is 
reduced (dual-task cost). When higher attention is needed 
for auditory perception (e.g. in individuals with hearing 
loss) or when gait is less automatic (e.g. in older adults) 
dual-tasks that involve gait and audition may result in larg-
er dual-task cost. Inspecting the changes through life in 
performance of dual- compared to single-tasks, can shed 
light on executive functions and listening effort in various 
ages. The purpose of the current study was to test the ef-
fect of hearing and age on the performance of dual-tasks 
(walking and listening).

Material and methods: the participants were 241 healthy, 
normal hearing participants, divided into 3 groups: 84 
young, 80 middle-aged, and 77 older adults. Each partic-
ipant completed two single tasks (ST, walking or listen-
ing) and one dual-task (DT, walking and listening) under 
two conditions: optimal auditory input (ears open) and 
degraded auditory input (earplugs inserted in both ears).

Results: Performance was significantly lower in dual- com-
pared to single-tasks in all 3 groups, but dual-task cost 
was generally similar between the groups. Young adults’ 
performance was significantly better than old adults’ in 
all walking tasks, but differences between young and old 
groups in auditory memory tasks were apparent only for 
tasks performed without earplugs. First signs of reduced 
performance were apparent in middle-aged adults. The 
young group outperformed the adult group in walking 
assignments in DTs, and in listening (auditory memory) 
assignments in STs. Old adults’ performance was poorer 
than adults’ in all walking tasks (ST, DT, with and with-
out earplugs), but performance in auditory memory tasks 
did not differ between these two groups. Reduced audito-
ry input had a general effect on auditory memory in the 
young and adult groups, but not on walking.

Discussion: The excessive listening effort stemming from 
the necessity to execute two attention-consuming tasks re-
quires executive functions and split attention. Dual-task 
(walking and listening) can clarify our understanding of 
the relationship between hearing, age and walking, and 
can serve as an ecological test of listening effort.
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The Repeatable Battery for the Assessment of 
Neuropsychological Status for Hearing-impaired 
individuals (RBANS-H) in an older population 
with age-normal hearing: Preliminary results of 
a cross-sectional study

Annes Claes1, Griet Mertens1, Annick Gilles1, Jasmien De 
Krem2, Anouk Hofkens1, Vincent Van Rompaey1, Paul 
Van de Heyning1

(1) Antwerp University Hospital
(2) University College Ghent

Background: Standardized cognitive tests for the diagnosis 
of dementia in older adults are widely available. However, 
performance can be negatively affected by hearing disor-
ders. Therefore, the Repeatable Battery for the Assessment 
of Neuropsychological Status for Hearing-impaired indi-
viduals (RBANS-H) was developed (Claes et al., 2016, doi: 
10.3389/fnins.2016.00512). RBANS-H is an adaptation of 
RBANS, a well-accepted cognitive assessment tool. It pro-
vides visual support to the examinee by means of an exter-
nal screen. The test consists of twelve subtests and assesses 
five cognitive domains, namely immediate memory, visu-
ospatial/constructional, language, attention, and delayed 
memory. The aim of the study is to investigate whether 
the norm data of the original RBANS are valid for use in 
the adapted RBANS-H.

Material and methods: Twenty-six subjects (13 male and 
13 female) aged 55 or older (mean age: 71 [56; 86] years) 
with bilateral hearing thresholds normal for their age and 
sex were enrolled in the study. The subjects performed a 
cognitive assessment by means of the RBANS-H and a 
comprehensive audiometric assessment. In addition, the 
Health Utilities Index-2/3, the Dizziness Handicap Inven-
tory, and a general questionnaire on education and profes-
sion, medical history, hearing aid use, and tinnitus were 
administered.

Results: The mean RBANS-H total score of this group is 
99.96, which is statistically equal to the total mean norm 
score of the RBANS, i.e. 100 (one-sample t-test: p=0.984). 
Furthermore, the one-sample t-tests do not demonstrate a 
difference between any of the five RBANS-H index scores 
and the mean index norm score of the RBANS.

Conclusions: The norm scores of the RBANS may be used 
for score calculation and interpretation of the RBANS-H.

FP122

The Repeatable Battery for the Assessment 
of Neuropsychological Status for Hearing-
impaired individuals (RBANS-H) before 
and after cochlear implantation in older 
adults: Preliminary results of a prospective, 
longitudinal cohort study

Annes Claes, Griet Mertens, Annick Gilles, Anouk 
Hofkens, Vincent Van Rompaey, Paul Van de Heyning

Antwerp University Hospital

Background: An independent relationship between hear-
ing loss and accelerated cognitive decline in older adults 
has been suggested by large, longitudinal studies. Even 
though it is established that cochlear implants improve 
hearing and quality of life in older adults, little is known 
about the effect of cochlear implantation on the cogni-
tive evolution in this population. The aim of the present 
study is to examine prospectively the cognitive functions 
of older adults with a bilateral severe to profound hear-
ing loss before and after cochlear implantation by means 
of the Repeatable Battery for the Assessment of Neu-
ropsychological Status for Hearing-impaired individu-
als (RBANS-H) (Claes et al., 2016, Front Neurosci. doi: 
10.3389/fnins.2016.00512).

Material and methods: Twenty subjects (13 male and 7 
female, mean age: 72 [55;85] years) with a bilateral se-
vere to profound hearing impairment are evaluated prior 
to implantation and at six and twelve months after acti-
vation of the speech processor. The evaluation consists of 
an extensive audiometric assessment, including pure tone 
audiometry, speech audiometry in quiet and speech au-
diometry in noise, and a cognitive assessment, using the 
RBANS-H. The RBANS-H consists of twelve subtests and 
assesses five cognitive domains, i.e., Immediate Memo-
ry, Visuospatial/constructional, Language, Attention, and 
Delayed Memory. When administering the RBANS-H, a 
PowerPoint presentation with the written instructions is 
presented to the subject on an external screen. The Pow-
erPoint presentation also contains the written equivalent 
of the auditorily presented stimuli in four subtests. In this 
way, the RBANS-H allows a valid and reliable cognitive 
assessment in hearing-impaired subjects.

Results and conclusions: To be presented at EFAS 2017 
when approximately 25 patients are included.
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P01

Factors affecting sentence understanding in 
adult cochlear implant users

Chris James1, Bernard Fraysse2, Mathieu Marx2, Chadlia 
Karoui2, Marie-Laurence Laborde2, Marjorie Tartayre2, 
Charles-Edouard Molinier2, Benoit Lepage2, Olivier 
Deguine2, Bernard Escudé3

(1) Cochlear France SAS
(2) CHU Toulouse
(3) Clinique Pasteur

A number studies have investigated factors which may in-
fluence speech recognition scores for cochlear implanted 
subjects. In the current study we reduced CI users’ lon-
gitudinally collected (0–12 months) sentence recognition 
scores to an underlying single variable “initial” score cor-
responding to the intercept of the function obtained from 
logarithmic regression of scores over time.

Recognition scores (100 words per list) for sentences pre-
sented in quiet and in noise using CI alone were collected 
retrospectively for the entire population of adult unilater-
al CI users implanted in our center over a four year peri-
od. Demographic, device and medical data were available 
for 118 subjects who met standard CI candidacy criteria. 
CT evaluation of the position of the electrode array was 
available for a subgroup of 86 subjects. Predictive fac-
tors were analyzed using step-wise multiple regression for 
the prediction of initial scores. Effect sizes (ES) were ex-
pressed in terms of the proportion of variance explained 
(partial r-squared).

Individual longitudinal data were well fitted by logarithmic 
functions. More than 60% of CI users had initial scores 
>50 in quiet; 25% scored >70 at 10 dB SNR. Certain eti-
ologies such as chronic otitis, immune disease and con-
genital hearing loss and were associated with significantly 
lower initial scores (ES 0.28, p<0.001). Brand and design 
of device (ES 0.16, p<0.01), and duration of hearing loss 
(ES 0.14, p<0.001, –0.76 pts per year) also significantly in-
fluenced initial scores. In the sub-group with CT data, in-
sertion depth (ES 0.15, p<0.001) and the proportion of the 
electrode array in scala vestibuli (r=0.18, p<0.01) were sig-
nificantly negatively correlated with initial scores.

CI users with favorable etiologies, short duration of deaf-
ness, and insertion depths of only one turn most consist-
ently obtained high sentence recognition scores within 
one month of activation – both in quiet and in noise. This 
has implications for surgical technique and follow-up of 
CI patients. It is important to take into account etiology 
and duration of deafness in order to interpret the poten-
tial effects of electrode array design and final position on 
outcomes for CI patients.

P02

Management of conductive hearing loss in 
children in Osijek: Our experience

Darija Birtic, Anja Ivkovic

University Hospital Centre Osijek

Background: Study design: retrospective research based 
on operational protocol and patient history data. Patients 
were children treated with grommet insertion at clinic for 
Otolaryngology, Head and Neck Surgery, University Hos-
pital Centre, Osijek, from 1 January 2010 to 1 May 2016. 
All patients were subjected to tympanometry and tonal au-
diometry. The aim of this study was to determine wheth-
er there was an improvement in hearing sensitivity after 
placement of grommets in the eardrums of children affect-
ed with conductive hearing loss as a conseguence of otitis 
media with effusion. The study also identified how much 
the hearing improved, how long grommets in the eardrum 
were on average, and whether there was a difference in 
the occurrence of conductive hearing loss based on sex.

Results: There was a significant improvement in the hear-
ing sensitivity in all patients. Average hearing sensitivity of 
the right ear improved by 21.3 dB and the left ear by 27.2 
dB. Grommets were placed in the eardrum for 11 months 
on average. In the sample of 40 patients in the research 
group, there were 23 girls, which makes the occurrence 
of conductive hearing loss more common.

Conclusions: Results of this research show that there is a 
benefit of grommet placement in children with conduc-
tive hearing loss caused by otitis media with effusion and 
that corresponds well with current treatment guidelines.

P03

Analysis of the most common forms of 
dizziness: Possibilities for patient treatment

Zorica Pušara

Hospital Gradiska

Background: Many patients in ORL infirmaries refer to 
dizziness (vertigo) as their only and main symptom.

Problem statement: The main goal of this study was to 
show the connection between different diagnoses with 
adult patients (children were not part of the study) who 
refer to dizziness as their only problem and to analyze the 
rate of success of standard therapies.

Material and methods: Prospective clinical trial of 60 pa-
tients, examined and followed over a 6-month period. All 
tested patients signed the approval to participate in the pro-
ject. The diagnoses of the causes of dizziness were made 

POSTER SESSIONS

Abstracts • 9–99

72 © Journal of Hearing Science®  · 2017 Vol. 7 · No. 2 Suppl. 



after audiological–vestibular anamnesis, clinical otorino-
laringological exams, and audiological–vestibular research. 
During the statistical analysis of the obtained results non-
parametric methods were used to examine the differences.

Results: The most common cause of dizziness is BPPV 
(50.8%), Neuronitis.vestibularis (16.9%), MorbusMenier 
(15.3%), central vertigo. BPPV is more common in the 
female population, with patients who have head injuries, 
AU, migraine, surgical intervention (stapedectomy). In 
80% of cases the posterior semicircular canal was affect-
ed, in 20% of cases lateral semicircular canal (geotrop-
ic nystagmus BPPV, more common), in the extreme rare 
cases superior semicircular canal. Repositioning maneu-
ver (CRP) was successful in 87.5%, Gufoni maneuver in 
71% of cases. Patients with the acute unilateral peripher-
al vestibular deficit took 3 to 4 weeks to recover, depend-
ing on the position of the damage, nature of the patholog-
ical process, CNS changes, vascular diseases, and general 
medical conditions.

Conclusions: Damage to the peripheral vestibular sys-
tem is common, and BPPV is by far the most common 
condition. The most frequent form of BPPV is canalithi-
asis of the posterior semicircular canal (30% of all verti-
go). The efficacy of CRP without transition to any other 
form of BPPV is 87.5%.

P04

A Swedish cross-cultural adaptation and 
validation of the Tinnitus Functional Index

Maria Hoff, Kim Kähäri

University of Gothenburg

Background: The Tinnitus Functional Index (TFI) is a 
recent self-report instrument for tinnitus with potential 
advantages over other existing instruments, including a 
demonstrated high responsiveness. The objectives of this 
study were to translate and cross-culturally adapt the TFI 
into Swedish and to investigate its validity and reliability.

Material and methods: The development of the Swedish 
version (TFI-SE) followed published guidelines on cross-
cultural adaptation of health questionnaires. Validity and 
reliability was investigated by correlating responses on the 
TFI-SE with other tinnitus measures [Tinnitus Handicap 
Inventory (THI) and visual analogue scale (VAS)] and a 
scale measuring anxiety and depression (HADS). Con-
secutively recruited tinnitus patients (n=100) from four 
Swedish clinics completed the questionnaires. The mean 
age of the sample was 51 years (SD=17).

Results: The internal consistency of the TFI-SE was good 
(α=0.95) and the test–retest reliability was high (ICC=0.93). 
Our results supported the eight-factor structure proposed 
for the original TFI, and a high correlation between the 
TFI-SE and the THI (r=0.8; p<0.01) and lower correlations 
between the TFI-SE and the HADS-D (r=0.60; p<0.01) and 
HADS-A (r=0.59; p<0.01) confirmed satisfactory conver-
gent and discriminant validity.

Conclusions: We found that the Swedish translation and 
cross-cultural adaptation of the TFI is valid and reliable 
for use with adult tinnitus patients.

P05

Evaluation of hearing function in newborns 
by method of registration of auditory evoked 
responses in normal state and at perinatal 
central nervous system damage

Alexey Ivoylov, Andrey Kryukov, Natalia Kunelskaya, 
Anna Kisina

Sverzhevskiy Otorhinolaryngology Healthcare Research Institute, 
Moscow Department of Healthcare

Background: Objective evaluation of hearing function in 
new-born children by method of registration of auditory 
evoked responses in normal state and at perinatal central 
nervous system (CNS) damage.

Material and methods: 154 children (308 ears) in age 
from 4 to 28 days. 2 groups included as follows: I) group 
of 100 children with perinatal CNS damage (perinatal en-
cephalopathy, ischemic–hypoxic CNS lesions, hyperexcit-
ability syndrome, muscular dystonia syndrome, purulent 
meningitis, and a combination of these pathologies); II) 
group of 54 children without signs of CNS lesion. Mon-
oaural stimulation was applied during this study, SLAEP 
were registered from ipsilateral electrodes, far field poten-
tials received by method of coherent averaging were sub-
ject to analysis. The children were examined in a staged 
manner starting from screening test (FSS), then step-wise 
temporal impetus from 10 to 70 dB, registration of stand-
ard ABR potential (from 20 to 70 dB).

Results: Positive result of the screening test was fixed in 
96 (96%) children of the first group and in 49 (90.2%) 
children of the second group. During SLAEP study with 
step-wise temporal impetus in 308 ears, V-wave was regis-
tered on level of stimulating signal intensity up to 40 dB in 
71.5% children of the first group and in 65.3% children of 
the second group, in 12.6% and 22.5% results were unan-
alyzable because of great number of artifacts. During reg-
istration of standard acoustic potentials, latent period of 
peaks in children of the first group were significantly low-
er, and in opposite interpeak intervals were longer, which 
is apparently connected with existing nervous system hy-
perexcitability in case of perinatal damage.

Conclusions: Analysis of the outcomes confirms that 
SLAEP registration represents unquestionable value as 
an objective method of hearing function study in new-
born children in normal state and with perinatal central 
nervous system damage, both in result of screening exam-
ination and extended clinical examination.
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P06

Patient with otosclerosis: Efficiency of different 
types of laser-assisted stapedotomy and 
stapedectomy

Eugene Garov, Andrey Kryukov, Natalia Kunelskaya, 
Victoria Zelenkova, Pavel Sudarev, Elena Zagorskaya, 
Alexey Ivoylov

Sverzhevskiy Otorhinolaryngology Healthcare Research Institute

Background: To compare the functional results of var-
ious methods of surgical treatment with laser-assisted 
stapedoplasty.

Material and methods: 335 patients with otosclerosis were 
examined from 2012 to 2016 years. 169 patients under-
went stapedectomy (method with large window which was 
closed with autovenous graft and using cartilage graft to 
replace the stapes, 121 – stapedotomy, 45 – modified sta-
pedotomy (with large window), in which perforation hole 
in the footplate was closed with a autovenous grafts and 
a piston prosthesis. To perform perforation in footplate a 
CO2 laser (l–10.6) was used. This instrument has a scan-
ner system which works together with a micromanipu-
lator connected to the microscope. It can generate laser 
pulses of extremely short duration and high peak pow-
ers. We use cartilage graft from the ear of a patient, tita-
nium prostheses K-Piston and platinum-titanium The Big 
Easy™ Piston. The length of cartilage graft was – 3.5 mm, 
SD – 0.8–1.0 mm, piston prostheses – L – 4.25 mm, SD 
– 0.4–0.6 mm. Bone-conduction (BC) and air–bone gaps 
(ABGs) were measured in all patients before surgery, 10–
12 days, 1, 3, 6, and 12 months post-op.

Results: After stapedotomy best outcomes (ABG {≤10 
dB) was observed 6 months post-op in 78% of patients. 
The best early functional results were received, using sta-
pes prostesis with diameter 0.6 mm after stapedotomy. 
After modified stapedotomy (ABG less than 10 dB) were 
observed after 6 months post-op in 92%. In case of sta-
pedectomy, with cartilage graft the best results (ABG less 
than 10 dB) were observed 3 months post-op in 96% pa-
tients with improvement of BC thresholds of 10–20 dB.

Conclusions: The study results show the influence of size 
of footplate perforation and early isolation perilymph of 
vestibulum with an autovenous graft. This shows that the 
stapedectomy with cartilage graft to replace the stapes 
and modified stapedotomy with piston on a venous graft 
is more effective than stapedotomy.

P07

Tinnitus with a normal audiogram: Relation 
to noise exposure but no evidence for cochlear 
synaptopathy

Hannah Guest1, Deborah Hall2, Garreth Prendergast1, 
Kevin Munro1, Simon Howe3, Chris Plack1

(1) University of Manchester
(2)  The University of Nottingham, School of Medicine, National 

Institute for Health Research Nottingham, Hearing 
Biomedical Research Unit

(3)  James Cook University Hospital, South Tees Hospitals NHS 
Foundation Trust

Background: In rodents, exposure to high-level noise can 
destroy synapses between inner hair cells and auditory 
nerve fibers, without causing hair cell loss or permanent 
threshold elevation. Such “cochlear synaptopathy” is asso-
ciated with amplitude reductions in wave I of the audito-
ry brainstem response (ABR) at moderate-to-high sound 
levels. Similar ABR results have been reported in humans 
with tinnitus and normal audiometric thresholds, leading 
to the suggestion that the tinnitus might be a consequence 
of cochlear synaptopathy. However, the ABR is an indi-
rect measure of synaptopathy and it is unclear whether the 
results in humans reflect the same mechanisms demon-
strated in rodents. Measures of noise exposure were not 
obtained in the human studies, and high frequency audio-
metric loss may have impacted ABR amplitudes. The pre-
sent study aimed to clarify the role of cochlear synaptopa-
thy in tinnitus, controlling for high frequency thresholds, 
adding the envelope following response (EFR) as a sup-
plementary measure of synaptopathy, and assessing rela-
tions to lifetime noise exposure.

Material and methods: Twenty young adults with tinni-
tus and clinically normal audiograms were matched close-
ly with controls for age, sex, and audiometric thresholds 
up to 14 kHz. Electrophysiological measures of synaptop-
athy were click-evoked ABRs at 102 dB peSPL and EFRs 
at two modulation depths. Lifetime noise exposure was 
assessed by structured interview.

Results: Contrary to previous reports, tinnitus was not 
associated with reduced ABR wave I amplitude, nor with 
significant effects on EFR measures of synaptopathy. ABR 
and EFR measures were uncorrelated with lifetime noise 
exposure. Tinnitus was, however, associated with signifi-
cantly greater lifetime noise exposure.

Conclusions: Our ABR and EFR data provide no evidence 
for cochlear synaptopathy in tinnitus with a normal au-
diogram. Given the divergence from previous reports, it 
is possible that synaptopathy is a major tinnitus aetiolo-
gy only in older adults, or is limited to high characteris-
tic frequencies, above ~7 kHz. The finding of greater noise 
exposure in tinnitus subjects is important in its own right. 
Even in tinnitus sufferers with audiograms indistinguisha-
ble from those of controls, symptoms may arise from sub-
clinical damage due to noise exposure.
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P08

A good practice guideline for translating 
questionnaires in ENT and audiology

Deborah Hall¹, Silvia Zaragoza Domingo², Leila Z 
Hamdache³, Vinaya Manchaiah⁴, Spoorthi Thammaiah⁵, 
Chris Evans⁶, Dean Thompson¹, Lena Wong⁷

(1)  National Institute for Health Research (NIHR) Nottingham 
Biomedical Research Centre

(2) Neuropsychological Research Organization
(3) The Carlton Academy
(4) Lamar State University
(5) Audiology India
(6) University of Roehampton
(7) The University of Hong Kong

Background: A majority of patient-reported measures to 
assess the impact of hearing loss and tinnitus have been 
developed in English-speaking countries; namely United 
States, United Kingdom, and Australia. For researchers in 
non-English-language-speaking countries, translating ex-
isting instruments and conducting an exploration of their 
psychometric properties are usually the preferred options 
when selecting patient-reported measures for diagnosis or 
for assessing endpoints in a clinical trial. Best practice in 
the process of translation and adaptation of patient-report-
ed questionnaires is still a developing field, and numerous 
guidelines have been published for adapting questionnaires 
to cross-cultural settings. Such international guidelines do 
not appear to be widely known or universally applied in 
the field of ENT and audiology.

Material and methods: We are synthesizing existing 
knowledge to describe good practice for those who seek 
to increase confidence in accomplishing a high-quality 
translation. The selection of the precise method will even-
tually depend upon the competences, resources and time-
lines of the project.

Results: Our recommendations are based on common el-
ements of several existing well-known guidelines that have 
drawn in the past on expert working party recommen-
dations. We illustrate each step with published examples 
how the underlying steps have been applied in the trans-
lation of hearing loss and hearing-related questionnaires.

Conclusions: This project raises awareness of internation-
al progress in ENT and Audiology for creating local lan-
guage-specific new versions of existing validated ques-
tionnaires for use in a different language communities, 
countries or cultures.

This project is supported by the International Collegium 
of Rehabilitative Audiology (ICRA) and the COMiT ini-
tiative (Core Outcome Measures in Tinnitus).

P09

Global audiology: The Global Resource for 
Audiology Information Networking (GRAIN)

Ross Roeser1, Melina Willems2, Vinaya Manchaiah3

(1) University of Texas at Dallas
(2) University College of Arteveldehogeschool
(3) Lamar University

Background: Global Audiology has been developed as a 
way to improve communication between audiologists and 
those interested in hearing and hearing health world-wide.

The overall purpose of this presentation is:
•  to describe the development of a website designed to 

provide an understanding of audiology practice in dif-
ferent regions;

•  to connect stakeholders in hearing healthcare around 
the world;

•  to facilitate the development of uniform audiological 
practice standards.

Material and methods: Five Regional Resource editors will 
be appointed, each to represent one of five of the United 
Nations defined regions: America, Europe, Asia, Africa, 
and Oceania. Regional Resource Editors will be respon-
sible for providing detailed information for each key area 
of his/her area on the website, as well as to identify Sub-
Regional Resource Editors who will populate the website 
with key information regarding his/her geographic region. 
All Global Audiology editors will be clearly listed and vol-
unteer to provide resource information to those who are 
interested, facilitating the exchange of audiological infor-
mation world-wide.

Results: Global Audiology is now fully functional and in-
formation for several countries has been populated. Ad-
ditional editors are being recruited.

Conclusions: Our hope is that Global Audiology becomes 
a valuable resource for audiologists and other stakehold-
ers around the world to share information and improve 
audiology services.

P10

E-learning for audiologists: A case study on 
integrating learning science with experience 
design to deliver effective online training

Celina Tobias-Grasso

MED-EL

E-learning is being utilized by many institutions and cor-
porations as an adjunct to onsite training for new and expe-
rienced clinicians and is also becoming an important tool 
for the continuing professional development of many Au-
diologists. There are a number of online resources availa-
ble to Audiologists but further developments are expected.
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Usually, presentations for onsite training activities are sim-
ply converted to an online format without taking the sci-
ence behind online learning and experience design into 
consideration. The challenge for most providers of online 
training is to bridge the gap between standard and accepted 
practices for delivering onsite training and effective prac-
tices for delivering online training materials.

The development of an e-learning program for audiologists 
in the field of hearing implants, including the technology 
used to create these materials, improvements made over 
the years, and experience gained will be discussed. In ad-
dition, simple changes that can be made to existing onsite 
presentations that will be delivered to an online audience 
of health professionals will be mentioned. Guidelines for 
creating engaging and effective e-learning materials that 
place a focus on knowledge of learning science and user 
design will also be highlighted.

P11

Serum vitamin D correction influences the 
recurrent rate of benign paroxysmal positional 
vertigo

Alexey Ivoylov1, Natalya Kunelskaya1, Elena Baybakova1, 
Alexandra Guseva2, Elena Manaenkova1, Maria 
Chugunova1, Elena Yanyushkina1

(1)  Sverzhevskiy Otorhinolaryngology Healthcare Research 
Institute, Moscow Department of Healthcare

(2) Pirogov Russian National Research Medical University

Background: Etiology of benign paroxysmal positional 
vertigo (BPPV) is unknown in 75–90% cases. It is hypoth-
esized that calcium metabolism impairment can lead to 
otolithiasis. The purpose of our study was to evaluate cor-
relation between vitamin D deficiency in BPPV patients 
and frequency of BPPV recurrence.

Material and methods. The study comprised 57 patients (54 
women in menopause, 3 men over 50, mean age 57.3±6.84) 
with BPPV. Inclusion criteria: first manifestation of pos-
terior semicircular canal (PSCC) BPPV, no calcium and 
vitamin D administration and 25-OHD level less than 20 
ng/ml during the year before the study. All patients un-
derwent diagonosis and treatment of BPPV controlled by 
VNG, serum 25-OHD assessment. Level of 25-OHD less 
than 20 ng/ml was considered a deficiency of vitamin D. 
All patients underwent series of Epley maneuvers until par-
ticle free. Vitamin В deficiency was treated according to 
the local clinical standards. The successful treatment cri-
teria was the level of 25-OHD over 30 mg/ml.

Results: BPPV of right PSCC was diagnosed in 74% (n=42) 
and left PSCC in 26% (n=15). Average level of 25-OHD 
before treatment was 13.7±3.8 ng/ml. 32 patients followed 
the recommendations and administrated vitamin D treat-
ment (group 1). 25 patients showed low compliance and 
refused vitamin D therapy (group 2). Patients were fol-
lowed during one year period: 25-OHD level in group1 
was 34.3±2.9 ng/ml, and in group 2–14.1±4.2 ng/ml. There 
were 4 cases (12.5%) of BPPV recurrence in the 1 group 
and 18 (72%) cases of recurrence in 2 group (p<0.05).

Conclusions: There is significant correlation between re-
currence frequency and 25-OHD deficiency. 25-OHD de-
ficiency may be a risk factor of BPPV recurrence.

P12

Tinnitus prevalence in teenagers

Margarida Serrano, Diana Santos

Instituto Politécnico de Coimbra, ESTESC – Coimbra Health 
School, Audiology

Background: The association of tinnitus with hearing 
loss, noise exposure that commonly manifests with in-
creasing age has led to its commonly perception as a dis-
ease of adulthood. However, the importance of tinnitus as 
a pediatric disorder can’t be ignored.

Objectives: To evaluate the prevalence of tinnitus in teen-
agers aged 10 to 13 years and whether the prevalence is 
higher in teenagers with hearing disorders.

Material and methods: The sample of 114 teenagers, 48 
males and 66 females. Data collection was performed by 
questionnaire, conducting otoscopy, tympanogram and 
hear/not hear 20 dB (1000, 2000, and 4000 Hz).

Results: The prevalence of tinnitus between 10 and 13 
years old stood at 24.6% and it was found that the teen-
agers enrolled in the audiological screening have statisti-
cally significant trend to have tinnitus (contingency coeffi-
cient=0.355, p=0.001). There was still a higher prevalence 
in the female gender (71.4%), in teenagers using head-
phones (96.4%), and a relationship between the presence 
of tinnitus and hearing at 2000 and 4000 Hz in the right 
ear and 4000 Hz in the left ear.

Conclusions: Our results are similar to other internation-
al research where tinnitus prevalence is higher in females. 
The presence of tinnitus is often underestimated in adults 
but especially in children and in teenagers, and it is often 
overlooked that tinnitus is a symptom and not implicate 
a disease and can, in some cases, have consequences for 
learning, concentration, and psychological well-being of 
the teenager and may even be reflected in school failure.

P13

Auditory memory: Different bilingual 
communities

Margarida Serrano, Bárbara Carvalho, Dionésio Varela, 
Francisca Sequeira, Joel Batista, Nelcidrina Arteaga

Instituto Politécnico de Coimbra, ESTESC – Coimbra Health 
School, Audiology

Background: Auditory verbal memory is a type of mem-
ory which involves receiving auditory information giv-
en orally, processing and storing them after being heard. 
Plays the most important role in the development of lan-
guage skills and of the learning process. It is divided into 
phonological short-term memory and into an articulatory 
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component. According to ASHA (2004), bilingualism is 
defined by the use of at least two languages.

Objectives: To know if bilingual people have better au-
ditory memory than those with just one mother tongue. 
In our study, bilingual speakers are considered those who 
have two or more languages in oral proficiency, and one 
of which is the European Portuguese and literacy until 
fourth grade, in at least one of them.

Material and methods: The population comprises bilin-
gual and no bilingual students. The study is made up of 
41 individuals of both sexes: 15 students with only one 
mother tongue (European Portuguese); 15 students with 
Creole as their mother tongue (in speaking skills) and 
learned European Portuguese; and 11 bilingual students 
in European Portuguese and learned another language in 
at least 4 years. It was given a test of auditory memory, in 
silence and with noise.

Results: The group of bilingual people (European Portu-
guese and other languages in speaking and writing skills) 
obtained the best results in auditory memory test. Al-
though the other two groups didn’t show statistically sig-
nificant differences among the study groups. In the group 
with Creole as mother tongue it was found a moderate cor-
relation between the duration pattern test, in which the 
person had to define if the sound was short or long and 
the auditory memory test, both in silence and with noise.

Conclusions: Our results coincide with the internation-
al studies that claim that bilingual people may show bet-
ter performance in certain cognitive tasks, in particular, 
those that measure the ability to ignore information, i.e. 
when there is background noise or competitive noise. A 
possible explanation is the fact that their brain plasticity 
has been shaped by two mother languages’ phonemes, i.e. 
a greater number of phonemes. This situation that does 
not happen in the Cape Verdean Community since Cre-
ole has its greatest origin in the European Portuguese, in 
other words, in the phonemes of the European Portuguese. 
Besides, in the first years of life they are only exposed to 
one language, Creole.

P14

Audiological clinical validation of original 
Romanian speech audiometry materials for 
evaluation of communication abilities in 
children of primary school age

Sebastian Cozma1, Oana Bitere2, Raluca Olariu1, Cristian 
Martu1, Cristina Gena Dascalu1, Cristina Hera1, Dan 
Martu1, Luminita Radulescu1

(1) University of Medicine and Pharmacy ”Grigore T. Popa” Iasi
(2) Rehabilitation Clinical Hospital Iasi

Background: Communication and speech pathology in 
children is determined mostly by hearing loss. The as-
sessment of hearing and speech understanding in chil-
dren has to include tone and speech audiometry accord-
ing to age and psychoneural condition, especially in cases 
with auditory neuropathy spectrum disorders, with a rising 

prevalence in last years. Different speech intelligibility tests 
are available for some languages, but calibrated materials 
for Romanian still were not clinically validated.

Material and methods: The study group included 24 chil-
dren (48 ears) between 7 and 12 years, with normal oto-
logic status (tympanometry and pure tone audiometry – 
PTA). The phonetically balanced words were grouped in 
50 bisyllabic words lists and 20 monosyllabic words lists, 
everyone with 10 words. These original lists were generated 
using our own original algorithm. Speech perception was 
tested monaurally in quiet using a recorded speech audi-
ometry material. The results of speech recognition tresh-
olds (SRT), word recognition score (WRS), and maximum 
recognition threshold (MRT) were statisticaly analyzed.

Results: For bisyllabic tested lists we obtained a mean 
PTA of 13.11 dB HL with a mean SRT of 15.83 dB SPL 
and a mean MRT of 31.46 dB SPL. For monosyllabic test-
ed lists we identified a mean PTA of 13.32 dB HL with a 
mean SRT of 17.50 dB SPL and a mean MRT of 37.38 dB 
SPL. One of the most important and relevant parameter 
is the word recognition score, which riches over 95% at 
30 dB SPL for both types of lists, starting with 40 dB SPL 
is constantly over 99% for all bigger intensities for bisyl-
labic lists and over 98% for monosyllabic lists, suggesting 
that the speech recognition is a little more difficult for 
monosyllabic words.

Conclusions: The material we created for speech intelli-
gibility test in children aged between 7 and 12 years is the 
first Romanian clinical statistically validated test, respect-
ing the standards regarding homogeneity of the material: 
frequency of the words in the spoken language – commu-
nality factor; balanced frequencies spectrum representa-
tion similar with common spoken language; known words 
corresponding to speech and cognitive specific age de-
velopment, according to national preschool and primary 
school education curriculum.

Acknowledgments: Research funded by the University of 
Medicine and Pharmacy “Grigore T. Popa” Iasi – contract 
no. 31585/23.12.2015.

P15

Application of Baha Connect: Long term 
observations

Maciej Mrowka, Piotr H. Skarzynski, Kamila Osinska, 
Henryk Skarzynski

Institute of Physiology and Pathology of Hearing

Background: Conductive and mixed hearing loss in cas-
es of bilateral microtia with external auditory canal atresia 
or after chronic otitis media can be treated by using Bone 
Anchored Hearing Aids. Aim of the study was to assess 
the effects of application of different surgical techniques in 
implantation of titanium fixtures: U-graft technique, der-
matome technique, and linear incision technique.

Material and methods: Our method of choice in treatment 
of hearing impairments in presented cases was attachment 
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of titanium implant to the temporal bone, and remov-
al of subcutaneous in general anesthesia. Three skin in-
cision techniques were used: U-graft technique, dermat-
ome technique, linear incision technique, tissue around 
attachment (without collecting skin graft). Our materi-
al consists of 145 patients, aged 3 y.o. to 67 y.o. Hearing 
aid fitting was performed after wound healing and osse-
ointegration of the fixtures. Universally adopted Holgers 
classification of skin reactions was used to determine soft 
tissue reactions around the transcutaneous implants. In 
case of severe infection of the soft tissue in the implant 
site (Grade 4, according to Holgers scale), tissue reoper-
ation was performed.

Results: Assessing the results of treatment it was indicat-
ed that considering inflammatory tissue reaction in the 
implantation site (Grade 4) 17 reoperations, including 15 
in patients after U-graft technique, one reoperation in a 
patient after dermatome technique and one after linear 
incision, were performed. It was observed that the skin 
incision technique affects significantly occurrence of re-
operations. In the groups where linear incision or U-graft 
techniques were used, nearly 20% of patients required re-
operation, and in the group operated using dermatome 
technique reoperation was necessary in little above 2% of 
cases. Comparison of hearing thresholds for BAHA type 
device applied on titanium fixture with results from the 
same hearing device applied on BAHA test band indi-
cated that lower thresholds levels were obtained for the 
BAHA device.

Conclusions: Assessment of the effects of different surgi-
cal techniques application in titanium fixtures implanta-
tion on postoperative wound healing and occurrence of 
early and late skin reactions indicated that the best result 
of wound healing and the lowest risk of skin reaction can 
be obtained using dermatome technique.

P16

Middle ear implants: The World Hearing Center 
experience with active middle ear implant 
devices

Piotr H. Skarzynski, Henryk Skarzynski

Institute of Physiology and Pathology of Hearing

Background: To present our clinical experience with the 
active middle ear implants: Med-El Vibrant Soundbridge 
(VSB) and Cochlear Middle Ear Transducer (MET).

Material and methods: Cases of patients who had under-
gone implantation of VSB or MET systems at the World 
Hearing Center between 2003 and 2016 were analyzed. 
Based on our experience, current indications for use of 
both devices in cases of different types and degrees of 
hearing loss, as well as the most effective surgical proce-
dure modifications, are presented.

Results: The first implantations of VSB and MET systems 
in Poland were successfully conducted by Henryk Skar-
zynski in 2003 and 2014 respectively. These events were 
milestones that initiated and subsequently expanded the 

national program of pre- and postoperative care of patients 
who cannot benefit from conventional hearing aids, result-
ing in over 300 middle-ear implant users. The implemen-
tation of VSB and MET systems was associated with orig-
inal solutions, such as the direct stimulation of the round 
window membrane according to Skarzynski’s concept in 
the field of surgery.

Conclusions: Middle ear implants are effective and safe 
devices allowing for auditory rehabilitation. Different so-
lutions available nowadays enable a device to be individu-
ally selected for optimal performance in patients with sen-
sorineural, conductive, or mixed hearing loss.

P17

Subjective evaluation of hearing quality Baha 
Attract implant

Piotr H. Skarzynski, Bartlomiej Krol, Kamila Osinska, 
Andrzej Pastuszak, Henryk Skarzynski

Institute of Physiology and Pathology of Hearing

Background: The Baha Attract implant system is designed 
for patients with conductive or mixed hearing loss or sin-
gle-sided deafness. The objective of this study is to evaluate 
the satisfaction of patients with the Baha Attract implant 
system. In particular, the examination aimed to verify the 
post-implantation audiological benefits.

Material and methods: For the purpose of the study, 28 
patients was evaluated. 28 patients were assessed before as 
well as 6 months after the operation. 14 of them was eval-
uated after 12 months. The subjective audiological bene-
fits were measured by the AHAB and SSQ questionnaires.

Results: Analysis of the data obtained from the ABHAB 
questionnaire showed a decreased number of patients re-
ported problems with verbal communication, and com-
munication in background noise or with reverberation. 
However, a small increase in the perception of unpleasant 
sounds was indicated. Analysis of the patients’ responses 
in the SSQ questionnaire revealed improvement of hear-
ing on every subscale.

Conclusions: The subjective evaluation made by the pa-
tients with the Baha Attract system demonstrates that the 
device increases both speech perception and spatial hear-
ing just 6 months after implantation.
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P18

Temporal response properties of auditory nerve 
fibers using short pulse intervals and sub-
threshold stimulations

Sonia Tabibi1, Andrea Kegel2, Wai Kong Lai2, Norbert 
Dillier2

(1)  ETH Zürich (ETHZ) and University Hospital Zürich, 
Department of Information Technology and Electrical 
Engineering and Laboratory of Experimental Audiology, ENT 
Department

(2)  Laboratory of Experimental Audiology, ENT Department, 
University Hospital Zürich

Background: Electrical stimulation of auditory nerve fib-
ers (ANFs) in animals with pairs of pulses has shown fa-
cilitation (also referred to as temporal summation) which 
is defined as an increase in nerve excitability caused by 
sub-threshold stimulation in short intervals (Dynes, 1996; 
Heffer et al., 2010). Apart from animal studies, the facilita-
tion effect has also been observed in human cochlear im-
plant (CI) recipients (Cohen, 2009). Facilitation happens 
when the neuron does not respond to the first pulse, but 
if the membrane potential remains near the threshold long 
enough, the second pulse can produce a response (Bou-
let et al., 2016). Although the facilitation effect has been 
reported in CI recipients, Electrically evoked Compound 
Action Potential (ECAP) measurements at short masker 
probe intervals (MPIs) have not been recorded to define 
this effect. Thus, the aim of this study is to examine the 
facilitation effect in CI recipients via ECAP measurements 
at short MPIs and low current levels (CLs).

Material and methods: 10 CI users implanted with Coch-
lear Nucleus CI512 or CI24RE took part in the study. Be-
fore the start of the measurement, individual amplitude 
growth functions were recorded for 3 different test elec-
trodes (apical, middle, and basal) and 6 different mask-
er offsets (the current level of the masker relative to the 
probe). ECAPs were measured with the method described 
by Miller et al. (Miller et al., 2000). The probe CL for each 
masker offset and each test electrode varied from visual-
ly detected threshold of ECAP (vT-ECAP) to the loudest 
acceptable presentation level (LAPL). The MPIs varied be-
tween 13 and 6000 µs and the reference measurement car-
ried out at +10 CL masker offset.

Results: The results from 10 CI recipients will be dis-
cussed and a function for the facilitation effect will be fit-
ted to data collected from all the participants. Collected 
data will be compared to the Cohen study (Cohen, 2009).

Discussion: The facilitation effect is expected to be more 
pronounced for lower CLs (e.g. at or below vT-ECAP) 
and shorter MPIs. This effect, together with other ANFs 
neurophysiological characteristics such as refractoriness, 
adaptation, and spread of excitation, can eventually be 
used for more effective selection of electrodes in CI cod-
ing strategies.

P19

A comparison between Samba speech processor 
and the AP404/Amadé for the Vibrant 
Soundbridge

Denise Zimmermann, Thomas Giere, Thomas Lenarz, 
Hannes Maier

Medizinische Hochschule, Hannover

Background: The Vibrant Soundbridge (VSB) is an active 
middle ear implant for patients who cannot wear conven-
tional hearing aids. The new Samba speech processor has 
an automatic directivity of the microphones and noise sup-
pression. The aim of this study was to compare the Sam-
ba and the AP404/Amadé with respect to speech intelli-
gibility in quiet and noise, and to the subjective rating of 
sound quality.

Material and methods: Patients implanted monaurally 
with a VSB (av. 5.8 years) were invited to two appointments 
in a 4-week interval. At the first appointment, a baseline 
measurement with the AP404/Amadé was performed and 
patients were upgraded to the Samba processor, which they 
permanently used until the next appointment 4 weeks lat-
er. On both appointments, air- and bone-conduction and 
unaided and aided free-field hearing thresholds were meas-
ured. Additionally, the Freiburger monosyllabic test (S0) 
and Oldenburg sentence test (OLSA) with different con-
ditions (S0NVSB, S0Ncontralateral) were measured. For 
subjective benefits, patients completed the APHAB and 
the SSQ/SSQ-C. Until now, N=14 patients have complet-
ed both appointments.

Results: For the OLSA in the condition S0NVSB, it became 
apparent that the speech understanding in noise was better 
with the Samba compared to the omnidirectional mode 
with the Amadé (delta=3.05 dB SNR). Also in the APHAB 
and the SSQ-C patients reported a subjective benefit with 
the Samba in speech understanding in quiet and in noise.

Conclusions: On average the patients reported to be more 
satisfied with the new Samba speech processor. The adap-
tive directivity of the Samba speech processor in combi-
nation with the noise suppression leads to better speech 
understanding in noise and a subjectively better hearing 
quality in comparison to the AP404/Amadé.

P20

Paediatric hearing screening: The Belfast 
experience

Glen Houston, Siobhan Sawey

Royal Victoria Hospital

In 1930’s hearing screening at school entry was introduced. 
In 1950’s simple screening audiometers were introduced 
for schools and was the first screen after the 9 mth dis-
traction test. In 1974 school health services were brought 
into the NHS, galvanising the system. The health visitor 
distraction test, based on a child turning to distracting 
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sound, had problems with accuracy and relatively late 
age of test (7–9 mths) The need for an earlier method of 
screen was necessary to help with hearing aid/educational 
support, leading to the introduction of the neonatal hear-
ing screening program (NHSP). In 1997 a policy review 
in England saw NHSP introduced in 2001. In 2003 a pilot 
study in Royal Victoria Hospital Belfast led to a Northern 
Ireland program in 2005. Permanent childhood hearing 
impairment (as described by >40 dB loss at 500, 1, 2, and 
4 kHz) is known to exist in 1.6/1000 live births, 1/1000 
bilateral and 0.6/1000 unilaterally. Prevalence is estimat-
ed at 1.33/1000, rising to 2/1000 by age 10 due to a vari-
ety of causes. Childhood conductive hearing impairment 
is noted as affecting 80% of children with 1 or more epi-
sodes at age 3, which can also affect speech development. 
The NHSP reduced the age of diagnosis dramatically us-
ing a combination of otoacoustic emission and automat-
ed ABR. NHSP identifies the majority of children and 
has significantly reduced the numbers detected by the 
school screening program for sensorineural hearing loss. 
School screening programs have a wide variety of frequen-
cies tested and pass criteria. Dr Fortnum from Universi-
ty of Nottingham in 2012 looked at cost-effectiveness of 
school screening, which was published in 2016. Compar-
ison of two areas, one with school screen and one with-
out, showed increased referral to Audiology in the area 
with screen; however there was little difference in areas for 
finding hearing problems, suggesting no advantage. The NI 
school model is referral after two screen fails. Analysis of 
RVH figures from 2013 to 2016 showed 97 children fitted 
with h/aids (53 s/n, 41 conductive, 3 mixed) of which 55 
were 0–6 yrs. Refer sources 26 HNSP, 12 GP, 7 paediatri-
cian, 5 ENT, and 5 others. Hearing aid fitting referrals for 
babies <1 yr had 89% from NHSP, children 4–6 yrs 81% 
from GPs etc., and none from school screen. This would 
again question the validity of school screen for detecting 
s/n loss. If it is to be used for detection of conductive loss, 
perhaps a fresh approach (e.g. questionnaire and tympa-
nometry) would be more appropriate.

P21

Analysis of trends, challenges, and opportunities 
in the field of mobile apps for hearing healthcare 
by using the ALFA4Hearing (At-a-glance 
Labelling for Features of Apps for Hearing 
healthcare) model

Alessia Paglialonga1, Francesco Pinciroli2, Gabriella 
Tognola1

(1)  CNR IEIIT – Istituto di Elettronica e di Ingegneria delle 
Informazioni e Telecomunicazioni

(2) CNR IEIIT and Politecnico di Milano DEIB

Background: In the growing area of e-Health for hear-
ing healthcare (HHC), the emerging m-Health (mobile 
health) branch is extremely promising. In particular, the 
development of tablet or smartphone apps for HHC is rap-
id. To date, a systematic analysis of the current scenario 
of apps for HHC is lacking. The aim of this study was to 
take a multifaceted picture of the available apps for HHC 
by using a recently developed descriptive model (the AL-
FA4Hearing model, At-a-glance Labelling for Features of 

Apps for Hearing healthcare) to identify their main fea-
tures and to highlight emerging trends and challenges, as 
well as potential opportunities for improvements.

Material and methods: We downloaded and assessed 137 
apps for HHC (iOS and Android). We characterized apps 
by using the ALFA4Hearing model, which includes 29 
descriptive features, grouped into five main components: 
(1) Promoters, (2) Services, (3) Implementation, (4) Us-
ers, (5) Descriptive information. We analysed the distri-
bution of the 29 features in our sample of apps as well as 
in specific subsets of apps.

Results: We observed a large variety of services in our sam-
ple of apps, covering the whole patient journey from pre-
vention to screening and diagnosis, therapy, and rehabilita-
tion. Our analysis showed interesting trends and challenges 
in each model component. For example, in component 
(1) Promoters, our results suggested that there is ample 
room for a greater involvement of HHC providers, gov-
ernment services, and scientific institutions, for improved 
evidence base. In component (2) Services, our results sug-
gested promising opportunities for app inventors, e.g., the 
development of apps that include more than one service 
for better efficacy throughout the patient journey. Similar-
ly, we observed relevant findings in components (3) Im-
plementation, (4) Users, and (5) Descriptive information.

Conclusions: This study provided a multifaceted picture 
of the current market of apps for HHC. The analysis of 
our sample of apps by means of the ALFA4Hearing model 
highlighted interesting trends and challenges, suggesting 
many potential opportunities for developers, HHC profes-
sionals, and stakeholders at large that could drive research, 
professional training, clinical use of apps, as well as tech-
nical developments towards the common goal to improve 
the patients’ outcomes and quality of life.

Grant: National Project “PNR-CNR Aging Program 
2012–14”.

P22

Effects of soft palate radiofrequency on middle 
ear function

Ayca Lulecioglu1, Ibrahim Engin Cekin1, Mehmet 
Gündüz2

(1) Sultan Abdulhamıd Han Egitim ve Arastırma Hastanesi
(2) Wakayama Medical University

Background: Radiofrequency tissue ablation may have po-
tential effects on the middle ear. In this study, we aimed 
to investigate possible changes in middle ear function 
through eustachian tube and velopharyngeal mechanisms 
caused by RFDA which is used for the treatment of mild 
obstructive sleep apnea syndrome patients as a treatment 
option.

Material and methods: Thirty patients with mild obstruc-
tive sleep apnea syndrome who were eligible for the study 
were evaluated by audiometry, immitance testing, eus-
tachian function test prior to soft palate radiofrequency 
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treatment and on day 3 and 7 as well as first and second 
months after treatment.

Results: No significant changes were detected on eustachi-
an tube function and audiometry results at any postoper-
ative time (p>0.05). We found only one patient who had 
a slight eustachian tube dysfunction on day 3.

Conclusions: The soft palate radiofrequency method for 
mild obstructive sleep apnea syndrome is a safe method 
for the middle ear. This treatment method can be preferred 
for patients who have middle ear dysfunction.

P23

A step forward to informed consent and 
informed choice for parents of young cochlear 
implant candidates

Celine Bernaerdt

University college VIVES

Background: In 1998, ‘Kind en Gezin’, implemented a 
qualitative neonatal hearing screening protocol in Flan-
ders, Belgium. Besides a medical-audiological diagnostic 
protocol, it also contained clear guidelines for early in-
tervention and rehabilitation (Van Kerschaver, 2007). In 
addition, there was a technological revolution in terms of 
hearing devices for the deaf: the cochlear implant (CI). 
Due to this neonatal hearing screening, children are al-
ready checked for hearing loss in the first weeks after birth. 
Such an early screening has positive results for all levels of 
development of children with hearing loss. On the other 
hand, new parents are confronted with the harsh diagno-
sis of deafness within the first week after birth (VLOK-
CI, 2008). After the diagnosis, parents are sucked into a 
medical circuit of doctor appointments, audiological tests, 
and etiological research. Relatively quickly, cochlear im-
plantation is suggested and the preliminary medical in-
vestigations are planned and executed (De Raeve, 2013). 
Parents of recently implanted children testify that the in-
formation they receive in the time period following the 
diagnosis of deafness is inadequate (Hardonk, 2011). Are 
parents of cochlear implantation candidates, who do not 
receive all information, able to make an ‘informed choice’ 
and therefore give an ‘informed consent’ for cochlear im-
plantation (Hardonk, 2011)?

Material and methods: By means of a qualitative ques-
tionnaire for parents with a child who has a cochlear im-
plant, the gaps in the information supply were invento-
ried and mapped (n=35).

Results: A positive signal towards the information supply 
in Flanders seems to appear from the survey: 49% of the 
parents are generally satisfied with the information, help, 
and support they receive from the different professionals, 
and 40% are even very satisfied. Only one was dissatisfied 
(3%) and three were neutral (9%). Nevertheless, there are 
a few gaps and recommendations that could be important 
to further optimize the policy of CI centers.

Conclusions: The information supply regarding cochlear 
implantation in Flandres, Belgium, sets a high standard. 
The recommendations above can further optimize the of-
fered information. Based on this survey we can state that 
all parents receive relevant information to make an in-
formed choice and therefore give an informed consent for 
the cochlear implantation of their child.

P24

Benefits of a Contralateral Routing of Signals 
(CROS) system in unilateral cochlear implant 
users

Regina Baumgärtel, Nathalie Mathias, Iris Arweiler

Advanced Bionics GmbH

Background: Cochlear implants (CIs) usually provide sub-
stantial speech intelligibility benefits to severe to profound-
ly deaf recipients. In quiet listening situations, scores for 
the perception of sentences typically show a strong ceil-
ing effect. However, in even moderately challenging lis-
tening situations, such as speech presented at lower levels 
or in the presence of competing noise, speech perception 
scores drop below the level required to support practical 
communication. In bilaterally deafened unilateral CI us-
ers, speech intelligibility for speech originating from the 
non-implanted side is further impaired by the additional 
attenuation of the head shadow. To overcome this limita-
tion, one possible solution is to use a Contralateral Rout-
ing of Signals (CROS) system which captures the signals 
from the non-implanted side and wirelessly transmits it 
to the CI sound processor.

Material and methods: In collaboration with Phonak, Ad-
vanced Bionics developed a wireless CROS system com-
patible with the latest generations of sound processors, 
Naída CI Q70 and Q90. A prototype of this system was 
evaluated in bilaterally deafened unilateral adult cochlear 
implant users at several European research sites. In addi-
tion to acute speech intelligibility measurements, subjec-
tive feedback regarding sound quality, speech intelligibil-
ity as well as practical aspects of the device was collected 
via questionnaires during chronic take-home trials.

Results: Substantial benefits in speech intelligibility in 
noise could be achieved by the wireless CROS system in 
several spatial listening setups, especially when the target 
speech was located at the CROS side. Subjects reported 
high satisfaction with the device’s practical usability. Ad-
ditionally, the responses indicated that the device provides 
a perceived benefit in everyday listening.

Conclusions: The wireless CROS system provides a viable 
option to improve upon unilateral implantation for reha-
bilitating bilateral deafness. Such a system is most appli-
cable in cases where medical or financial reasons only al-
low for unilateral implantation.
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The cognitive functions of older cochlear 
implant recipients: A cross-sectional study using 
the Repeatable Battery for the Assessment of 
Neuropsychological Status for Hearing-impaired 
individuals (RBANS-H)

Annes Claes, Griet Mertens, Annick Gilles, Anouk 
Hofkens, Vincent Van Rompaey, Paul Van de Heyning

Antwerp University Hospital

Background: Large, longitudinal studies indicate that 
hearing loss is independently related to accelerated cog-
nitive decline. Moreover, it is suggested that more severe 
hearing losses go hand in hand with higher risks of inci-
dent dementia. The present study aims to investigate the 
cognitive capabilities of older cochlear implant (CI) recip-
ients. In addition, the association between cognition and 
audiological performances is examined in this population.

Material and methods: Sixty-one subjects (30 male and 31 
female, median age: 71 [58;94] years) with a bilateral se-
vere to profound hearing impairment and at least one year 
of CI experience (median: 12 [1;19] years) are enrolled in 
the study. An audiological examination is performed in-
cluding unaided pure tone audiometry, best aided speech 
audiometry in quiet and best aided speech audiometry in 
noise, using the Leuven Intelligibility Sentence Test (LIST). 
Cognition is measured by means of the Repeatable Bat-
tery for the Assessment of Neuropsychological Status for 
Hearing impaired individuals (RBANS-H) (Claes et al., 
2016, Front Neurosci. doi: 10.3389/fnins.2016.00512). The 
RBANS-H assesses five cognitive domains, i.e., Immediate 
Memory, Visuospatial/constructional, Language, Atten-
tion, and Delayed Memory and is a valid and reliable tool 
to assess cognition in severely hearing impaired subjects.

Results: One-sample t-tests reveal that the RBANS-H to-
tal scores, as well as the index scores for all cognitive do-
mains are significantly lower than the mean norm score. 
Furthermore, a significant correlation is found between 
RBANS-H total scores and the speech reception threshold 
of the LIST, independently of age (rpart=–0.275, p=0.034). 
The duration of CI experience, however, does not corre-
late with the RBANS-H total score, nor with any of the 
RBANS-H index scores.

Conclusions: General cognitive functioning in older CI 
recipients is poorer compared to the norm in age-matched 
adults. Since the duration of CI experience does not cor-
relate with cognition, the accelerated cognitive decline, 
observed in older individuals with severe, uncorrected 
hearing loss, may be curbed after cochlear implantation. 
However, the CI recipients may not catch up with their 
normal hearing peers completely, as is suggested by the 
significantly poorer cognitive performances of the subjects 
compared to the norm. Longitudinal studies are needed 
to confirm this hypothesis.

P26

Monitoring for ototoxicity in Swiss childhood 
cancer patients

Annette Weiss¹, Rahel Kuonen¹, Katrin Scheinemann², 
Michael Grotzer³, Steffi Johanna Brockmeier⁴, Claudia 
Candreia⁵, Raphael Maire⁶, Pascal Senn⁷, Christof 
Stieger⁸, Jochen Rosenfeld⁹, Dorothe Veraguth¹⁰, Martin 
Kompis¹¹, Claudia Kuehni¹

(1) University of Bern
(2) University Children's Hospital Basel and University of Basel
(3) University Children's Hospital Zurich, University of Zurich
(4) Kantonspital Aarau
(5) Kantonspital Luzern
(6) Lausanne University Hospital
(7) University Hospital Geneva
(8) University of Basel Hospital
(9) Cantonal Hospital St Gallen
(10) University Hospital Zurich
(11) University Hospital Bern, University of Bern

Background: Ototoxicity is an adverse event of childhood 
cancer treatment, especially in children treated with plat-
inum chemotherapy or cranial radiation >30 Gray. Treat-
ment regimens, international ototoxicity monitoring and 
follow-up care guidelines recommend hearing assessment 
for patients with increased risks of ototoxicity before, dur-
ing, and after cancer treatment. According to the ASHA 
guidelines, a hearing assessment should include audiom-
etry, tympanometry and evoked acoustic emissions. The 
current state of ototoxicity monitoring in Switzerland is 
unknown. In this study, we present the prevalence of oto-
toxicity monitoring in childhood cancer patients in Swit-
zerland and analyze factors associated with ototoxicity 
monitoring.

Material and methods: Inclusion criteria: Childhood can-
cer patients from the Swiss Childhood Cancer Registry di-
agnosed 2005–13 at age 0–16, potentially ototoxic treat-
ment (OT) with platinum and/or cranial radiation >30 
Gray; survival up to time of study (2015–16). We retro-
spectively searched for hearing assessments in the paediat-
ric oncology clinics and ENT departments. We determined 
proportions of patients who had hearing assessments and 
described type and timing (before, during, after OT) of 
testing. We looked into factors associated with ototox-
icity monitoring using multivariable logistic regression.

Results: We analyzed data from 185 (63%) out of 295 
childhood cancer patients. The mean (SD) age of diagno-
sis was 8 (5) years. Patients were treated for CNS tumor 
(39%), bone tumor (19%), germ cell tumor (12%), neu-
roblastoma (9%), retinoblastoma (9%), soft tissue sarco-
ma (6%), or other tumors (6%). Out of the 185 patients, 
40% had a complete ototoxicity monitoring with at least 
one hearing assessments before, during, and after OT. 
Pure tone audiometry (42%), extended high frequency 
audiometry (25%) and evoked acoustic emissions (15%) 
were most often used to assess hearing. Ototoxicity mon-
itoring was more complete in patients included in a clin-
ical study for cancer treatment, and in patients who had 
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received cisplatin compared to those treated with carbo-
platin or cranial radiation only.

Conclusions: Only 40% had a complete ototoxicity mon-
itoring as recommended by existing guidelines. Especial-
ly those survivors not included in a clinical study or not 
treated with cisplatin had been followed up inconsistently.
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Speech perception in a diffuse noise field with 
different noise reduction algorithms in bimodal 
listeners

Annemarie J. Schrijver, H. Christiaan Stronks, 
Jeroen J. Briaire, Johan H.M. Frijns

Leiden University Medical Centre

Background: Current day extended implantation criteria 
for cochlear implants (CIs) lead to an expanding group 
of CI users that have residual hearing and use a hear-
ing aid (HA). Bimodal listeners benefit from the combi-
nation of acoustic and electric hearing that may improve 
speech intelligibility (SI) in adverse listening conditions. 
The bimodal Naidasystem features noise reduction algo-
rithms including beamforming techniques. The UltraZoom 
(UZ) feature is an adaptive frontal beamformer and Ste-
reoZoom is a binaural static frontal beamformer. Zoom-
Control (ZC) can stream the microphone signal from the 
HA to the CI, and vice versa. SI studied with UZ, SZ and 
ZC are compared to the standard omnidirectional mode 
in bimodal CI users.

Material and methods: Five bimodal listeners (with a Nai-
da Q90 CI and Naida UP HA) were recruited. Inclusion 
criteria were: pure tone thresholds better than 80 dB HL 
at frequencies ≤500 Hz and a speech score with CI-only 
of ≥80% in quiet. Speech reception thresholds (SRTs) were 
measured in a diffuse noise field with the target speaker 
located at 0°, 45°, –45°, and –90° relative to the CI side. 
For each direction of speech UZ, SZ, and ZC were tested 
with the HA gain switched ON and OFF.

Results: A bimodal benefit (HA gain switched on) was ob-
tained for all target speaker conditions compared to the SI 
with CI only. For the frontal speech SRTs obtained with 
UZ and SZ were improved compared to the standard om-
nidirectional mode (for UZ 2.4 dB and for SZ 4.1 dB). For 
the speech directions from –45° to 45°, SRTs were worse 
with UZ and SZ. For directions of –45° and –90° relative 
to the CI side, the largest benefit was obtained with ZC 
(for –45° 4.4 dB SRT improvement and for –90° 5.5 dB 
SRT improvement).

Conclusions: Speech understanding in noise improved 
with noise reduction algorithms including beamforming 
techniques. The results indicate that binaural features such 
as StereoZoom and ZoomControl, which utilize stream-
ing of microphone signals, provide a better performance 
in bimodal listeners compared to omnidirectional micro-
phones and beamformers without streaming capabilities.

P28

Conversion and adaptation of International 
Outcome Inventory for Hearing Aids to Hindi 
language

Mohammad Shamim Ansari, Sayyada Hashmani, Saniya 
Hashmani

AYJNISHD (D), Mumbai, India

Background: Clinically and technically controlled data 
in determining outcome measures of hearing fittings are 
commonly used globally. However, there is growing inter-
est to provide evidence based audiological practices focus-
ing on patient’s perspectives in determining the functional 
success with aural rehabilitation modalities. One of such 
method is combining similar beneficiary centered self-re-
ports. The International Outcome Inventory for Hearing 
Aids (IOI-HA). The IOI-HA is a short and concise seven-
item questionnaire with norms, developed as a standard 
clinical tool in world measure languages. However, there 
is scarcity of such standardized self-report questionnaires 
in Hindi. Hence there is need to translate and adapt the 
IOI-HA English version into Hindi.

Objectives: The purpose of the present study was to trans-
late and adapt the IOI-HA English version into Hindi lan-
guage and ascertain its validity as a clinical tool.

Material and methods: The adaptation of IOI-HA was 
performed in two phases. Phase I translation of English 
version that included the following five steps: i) forward 
translation; ii) review to create or synthesize the common 
translation; iii) backward translation; iv) expert commit-
tee review; v) pre-final testing; and vi) final translated ver-
sion. Phase II involved the reliability and validity part of 
the translated version. The final version of the translated 
questionnaire was validated on 100 normal 100 subjects 
with hearing impairment of varying degree using Hindi 
translated IOI-HA.

Results: All the 50 subjects reported no problematic ques-
tions in the Hindi version and found it simple and easy to 
understand. The questions revealed high reliability and in-
ternal consistency at alpha {a=0.89 as calculated by Cron-
bach coefficient. The IOI-HA Hindi which exhibited signif-
icant correlation of greater than 0.35 with varying degree 
of hearing loss at significance level of 0.05. There were no 
IOI-HA adjusted estimates or confounder estimates with 
degree of hearing loss.

Conclusions: The results of Hindi translated IOI-HA ver-
sion are comparable with original publicity to obtain the 
information about the success with rehabilitation strat-
egies. Thus, IOI-HA translated version is a valid self re-
port clinical tool to assess the aural rehabilitation related 
in Hindi-speaking population.
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Are suspected auditory processing difficulties 
in children aged 8–12 years related to attention, 
working memory, nonverbal intelligence, and 
communication abilities?

Ellen de Wit¹, Pim van Dijk², Bert Steenbergen³, 
Cees P. van der Schans⁴, Margreet R. Luinge⁵

(1)  Hanze University of Applied Sciences, Research group Healthy 
Ageing, Allied Health Care and Nursing

(2)  University of Groningen, University Medical Center 
Groningen, Department of Otorhinolaryngology, Head and 
Neck Surgery

(3)  Radboud University Nijmegen, Behavioural Science Institute/ 
Australian Catholic University, Melbourne

(4)  Hanze University of Applied Sciences, Research Group 
Healthy Ageing, Allied Health Care and Nursing/University 
of Groningen, University Medical Center Groningen, 
Department of Rehabilitation Medicine

(5)  Hanze University of Applied Sciences, Research Group 
Healthy Ageing, Allied Health Care and Nursing/University 
of Groningen, University Medical Center Groningen, 
Department of Otorhinolaryngology, Head and Neck Surgery

Background: Children with difficulties in listening and 
understanding speech despite normal peripheral hearing, 
can be diagnosed with the diagnosis Auditory Processing 
Disorder (A). However, there are doubts about the valid-
ity of this diagnosis. The aim of this study was to examine 
the relation between the listening difficulties of children 
between 8 and 12 years with suspected A and the atten-
tion, working memory, nonverbal intelligence and com-
munication abilities of these children.

Material and methods: In this case-control study we ex-
amined 10 children who reported listening difficulties in 
spite of normal peripheral hearing (3 referred by speech-
language pathologist in the Northern Netherlands, 6 by 
an audiological center in the Southern Netherlands and 
one by parental concern) and 21 typically developing chil-
dren (recruitment through word of mouth and by the web-
site Taalexpert.nl), ages 8;0 to 12;0 years. The parents of 
all children completed three questionnaires about histo-
ry, behavioral symptoms of ADHD, and communication 
skills (Children’s Communication Checklist). Teachers 
of the children completed the Children’s Auditory Pro-
cessing Performance Scale (CHAPPS). Children were as-
sessed for auditory processing abilities (speech-in-noise, 
filtered speech, binaural fusion, dichotic listening), non-
verbal intelligence (Raven’s Coloured Progressive Matri-
ces), and working memory (Clinical Evaluation of Lan-
guage Fundamentals). Auditory and visual attention was 
studied with four behavioral tests of the WAFF battery of 
the Vienna Test System (Schuhfried).

Results: Preliminary analysis shows no differences be-
tween groups on the auditory processing tests and non-
verbal intelligence quotient. Children in the experimental 
group have poorer communication performance (parent 
report), poorer listening skills (teacher report), and poor-
er working memory and attention skills (behavioral tests).

Conclusions: The results of this study showed that there 
is a difference between children with listening complaints 
and typically developing children, but that the problems 
are not specific to the auditory modality. There seems to 
be no evidence for the validity of an auditory deficit.

P30

APD and acoustic reflex

Ida Foldvik, Elisabeth Kvesetberg1, Maj Helen Alander2

(1) Elverum Hospital
(2) Telemark Hospital

The term auditory processing disorder (APD) is relatively 
new in Norway, and healthcare personnel have yet to agree 
on what the underlying causes are. Living with APD can 
involve problems with speech perception in noise, sound 
localization, difficulty differentiating between sounds, per-
ceiving small changes, and understanding poor sound sig-
nals. The disorder can coexist with ADHD, language diffi-
culties, and learning disabilities, or be mistaken for them 
because the person’s reaction patterns can look similar in 
many situations. It is important to include objective tests 
in order to achieve a correct diagnosis.

APD is not an official diagnosis in Norway, and therefore 
no statistics on prevalence are available. The prevalence 
among Danish children is between 2–7%, therefore it is 
likely transferable to the Norwegian population. Clinicians 
working with APD at St. Olav’s hospital in Trondheim and 
Rikshospitalet in Oslo noticed a tendency of absent con-
tralateral acoustic reflexes and encouraged a literature re-
view on the subject. In our review we focus on the corre-
lation between APD and abnormal acoustic reflexes and 
possible underlying causes of auditory processing disorder. 
The acoustic reflex arc, and particularly the medial olivo-
cochlear complex (MOC), has been proved to be impor-
tant for auditory processing, especially for speech percep-
tion in noise. We will also talk about poor myelination of 
MOC as a possible underlying cause.

P31

The importance of audiological evaluation and 
ENT assessment in the children affected by 
Kawasaki disease

Yamile torres Romero, Nuria Dinarés

Hospital Sant Joan de deu Barcelona

Objectives: To describe our experience in diagnosis and 
follow-up in audiological complications in Kawasaki’s 
Disease

Background: Kawasaki Disease (KD) is a multsystemic 
vasculitis affecting small and medium sized arteries. Eti-
ology is unknown. Mostly affects children under the age 
of five. Main symptoms are coronary arteritis and senso-
rineural hearing loss.
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Material and methods: The audiological protocol contem-
plates subjective and objective tests according to patient’s 
age: tympanometry, stapedial reflex, otoacoustic emissions, 
tonal audiometry, auditory brain response (ABR), audito-
ry steady state response (ASSR).

Results: Description of audiological findings in the pop-
ulation registered in Barcelona Children’s Hospital from 
2011 up to today.

Conclusions: Children affected by KD must have a 
longterm ENT and audiologic evaluation in order to de-
tect a sensorineural hearing loss complication and receive 
an early treatment.

32

Frequency-lowering technologies and speech 
intelligibility

Maria Boboshko1, Irina Berdnikova2, Natalia Maltzeva2, 
Ekaterina Garbaruk2, Iurii Korotkov3

(1)  Academician I.P. Pavlov First St. Petersburg State Medical 
University, North-western State Medical University named 
after I.I. Mechnikov

(2)  Academician I.P. Pavlov First St. Petersburg State Medical 
University

(3) Audiology Centre Aeron

Background: One of the challenges in audiology is hear-
ing aid fitting in cases of “ski slope” high-frequency hear-
ing loss. In some cases, high-frequency amplification 
provides only limited benefit. Frequency-lowering tech-
nologies help to select a high-frequency region and pre-
sent it at a lower frequency. Frequency Composition™ is 
Bernafon’s approach to frequency-lowering. As a third-
generation approach, Frequency Composition™ preserves 
the high-frequency signal components at the source loca-
tion and superposes the relocated signal components on 
those in the target location. Improved high-frequency au-
dibility, however, doesn’t necessarily mean better speech 
intelligibility.

Material and methods. Pure tone audiometry (PTA) in 
headphones and in free field (FF), speech audiometry us-
ing monosyllabic words recognition test, binaural alter-
nating speech test, Russian matrix sentence test (RuMa-
trix) in quiet and in noise were performed. In total, 23 
adult hearing aid users from 31 to 81 years old, mean age 
is 63.9 years (10 female, 13 male) with chronic moderate 
sensorineural hearing loss participated in the study: 11 
patients with mean sloping hearing loss 27.9 dB/octave 
(within frequencies from 1–2 kHz) – Group 1 and 12 with 
mean sloping hearing loss 24.1 dB/octave (within frequen-
cies from 2–4 kHz) – Group 2. PTA and RuMatrix were 
performed in free field using hearing aids – with/without 
Frequency Composition™. The average high-frequency loss 
amounted to 79.2±21.8 dB HL in Group 1 and 74.1±12.4 
dB HL in Group 2.

Results: Frequency Composition™ improved PTA re-
sults in FF in all listeners: by 14.5±5.2 dB in Group 1, by 
12.7±9.0 dB in Group 2. Better speech intelligibility in 

RUMatrix (by 2.53 dB in quiet and 1.07 dB SNR in noise) 
was revealed in Group 1; the difference in noise was sig-
nificant (p=0.032). In Group 2, these differences were less 
than in Group 1 (0.45 dB in quiet and 0.66 dB SNR in 
noise) and not significant.

Conclusions: Frequency Composition{™ helps to improve 
tone thresholds and speech intelligibility mostly in noise. 
More studies are needed to make the patient selection 
criteria more precise and to enhance the effective use of 
this technology.

P33

Differences between tympanometric diagnosis 
and intraoperational diagnosis with otitis media 
effusion

Sladjana Majstorovic

General Hospital Cacak

Background: OME is a non-suppurative, clinically non-
infectious type of middle ear inflammation, characterized 
by long-standing presence of fluid of variable viscosity be-
hind the intact tympanic membrane. The effusion caus-
es reduced flexibility of the tympanic membrane and of 
the chain of the ear bones and it is the main cause of im-
paired hearing among pre-school children.

Aim: This research targets the correlation between tympa-
nometric diagnosis and intraoperative diagnosis in OME.

Material and Methods: We examined 50 children (100 
ears) 22 girls and 28 boys, aged 2–10. Upon clinical ENT 
examination, audiometry, and tympanometry, we diag-
nosed OME and selected patients for myringhotomy and 
implantation of ventilation tubes.

Results: Tonal audiometry was successfully performed 
on 29 children (58%). We found 20 dB hearing threshold 
with 12.5% children, 65% examinees shown up to 40 dB 
hearing threshold, and 22.5% examinees were found with 
hearing threshold higher than 40 dB. We obtained a flat 
tympanograph from 84% examinees and a curved tympa-
nograph from 16% examinees. Upon medicamental treat-
ment and adenoidoctomy on 55% patients we decided to 
perform the implantation of ventilation tubes. The anal-
ysis of pre-operative tympanographic parameters (pres-
sure, compliance, grading) and intra-operative evidence 
showed as follows: in 47 flat Ty the effusion in 45 ears; in 
8 curved Ty we had effusion in 5 ears, and we had nega-
tive results (dry ear) in 3 ears. In case of compliance rang-
ing 0.1–0.21 we had effusion in 46 out of 47 ears, while 
the compliance range of 1.0–1.5 indicated effusion in half 
of the cases despite our expectation to find dry ear. When 
the gradient varied 0–0.02 we had effusion in all the ex-
pected cases; when the value was 0.6–0.8 in 3 out of 8 
ears we found effusion instead of dry ear. There was effu-
sion in cases where the pressure ranged 175 dPa +80 dPa.

Conclusions: In OME it frequently occurs that pre-op-
eration tympanometry indicates the presence of fluid in 
the middle ear but during tympanotomy no effusion is 
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found and vice versa, when the fluid is expected, we di-
agnose dry ear.

P34

Analysis on the usefulness of two hearing ability 
questionnaires about subjective satisfaction after 
bone conduction implant hearing aid according 
to hearing loss type (mixed hearing loss vs. 
single-sided deafness)

Byung Yoon Choi, Woongsang Sunwoo, Hye-Rim Park, 
Ja-Won Koo

Seoul National University Bundang Hospital

Background: Various questionnaires have been developed 
to measure self-assessed hearing aid benefit. The purpose 
of the study was to evaluate the usefulness of each ques-
tionnaire in assessing functional outcomes of bone con-
duction implant (BCI) users.

Material and methods: Twelve BCI users with multiple 
types of hearing loss, implanted with either the bone-an-
chored hearing aid (BAHA) or Bone bridge (BB), were in-
cluded. Postoperative subjective improvement was meas-
ured using the Speech, Spatial and Qualities of Hearing 
Scale (SSQ), and the Abbreviated Profile of Hearing Aid 
Benefit questionnaire (APHAB).

Results: Mixed hearing loss group (MHL, n=7) showed 
significant benefits in the global score with a mean decrease 
from 62% preoperatively to 21% after BCI use, whereas 
asymmetric hearing loss or single-sided deafness group 
(SSD, n=5) did not (from 34% to 29%). However, with 
SSQ, SSD group with BCI reported significant improve-
ments for all subscales – speech, spatial, and sound quality.

Conclusions: MHL group, not SSD group, demonstrat-
ed significant benefit with the use of BCI on the APHAB. 
The SSQ was more sensitive than the APHAB to benefit 
differences in BCI users who showed asymmetric hearing 
loss or single-sided deafness.

P35

Evaluation of the vestibular system with video 
head impulse test (VHIT) in patients with Type 
I diabetes mellitus

Huseyin Dag¹, Selma Yılar¹, Zuleyha Dilek Gulmez², H. 
Murat Yener¹, Ahmet Atas¹, Irfan Devranoglu¹

(1) Istanbul University Cerrahpasa Medicine Faculty
(2) Istanbul University Health Science Faculty

Objectives: Diabetes mellitus (DM) is a chronic systemic 
disease which affects the vestibular and auditory organs. 
The video head impulse test (vHIT) is a useful clinical 
tool to detect semicircular canal dysfunction. The pur-
pose of our study was to evaluate and analyze the char-
acteristics of vestibular function using vHIT methods in 
patients with Type I DM.

Material and methods: vHIT and audiological tests (au-
diogram, tympanometry, and OAE) were conducted on 19 
healthy children and 34 Type 1 DM patients over 7 years 
old who were followed by Cerrahpasa Medical Faculty 
Endocrinology Department over years 2010–15. Further-
more, Type 1 DM patients’ duration of diabetes, HbA1c 
levels, and lipid profiles were measured to analyze the pa-
tients’ hypoglycemia and vestibular complaints.

Results: vHIT was performed in both groups to measure 
each of the six semicircular canals’ VOR gain. Patients’ 
RP (right posterior), LP (left posterior), and LA (left an-
terior) canals were found to be affected. There was a re-
markable correlation between vestibular complaints and 
hypoglycemic episodes (p<0.05). There was no pathology 
found in audiological tests for both groups.

Conclusions: This is the first examination in literature in 
which Type 1 DM pediatric patients were assessed by us-
ing vHIT. The results indicate that these patients’ posteri-
or semicircular canals, and hence inferior vestibular nerve, 
might get affected.

P36

Sound processor modifications with frequency 
pitch matching for cochlear implant recipients 
with single-sided deafness

Daniel Abels, Daniel Bodmer, Christof Stieger

University of Basel Hospital

Background: Recently, cochlear implants (CIs) have be-
come a possible treatment for single-sided deafness (SSD). 
One of the main aims is to improve quality of sound in bin-
aural hearing tasks. As SSD patients have artificial hearing 
on the CI and natural hearing on the contralateral side, 
it could be important to match the frequency pitch per-
ception of both ears.

Objectives: To compare CI sound processor programs 
(map) with and without frequency pitch matching in SSD.

Material and methods: This preliminary study is on one 
experienced subject (male, 43 yo) with a N24RECA im-
plant and CP810 sound processor (Cochlear Ltd). First we 
evaluated 3 different acoustic stimuli in an open sound field 
using sinusoidal tones, standard narrow band noise, and 
FRESH noise [1,2] for frequency pitch matching with the 
normal ear. FRESH noise was sensed closest in pitch to the 
electric stimuli of the CI. Also we presented, consecutively, 
a steady state signal on each electrode (N=22) at a clear-
ly heard comfortable level. The subject was instructed to 
match the frequency pitch of each electrode in 1/48 octave 
steps with the pitch of the acoustic stimuli. The resulting 
22 frequency pitches were defined as center frequencies 
and the frequency bands were calculated on a logarithmic 
scale accordingly. The basic profile of the map and signal 
processing remained unchanged. Due to software con-
straint concerning the minimal bandwidth, the theoreti-
cal frequency bands were adapted. Therefore we defined 
3 different maps based on the frequency pitch matching 
results. Four maps, including the original, were uploaded 
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blinded. Each program was used for a period of 1 week 
and then evaluated with HISQUI19 [3] questionnaire. We 
also asked for a subjective comparison of the maps.

Results: The differences of frequency pitches between nat-
ural hearing and standard centre frequencies of the elec-
trodes ranged from 4% (226 Hz) at E3 to 49% (1629 Hz) 
at E7. Subjectively, the 3 modified maps sounded differ-
ent. The subject could not identify the original map. The 
HISQUI19 questionnaire analysis indicated no significant 
differences (score 97 to 103), all maps were classified good 
sound quality. The original map was slightly rated highest.

Conclusions: Although we found frequency mismatch 
up to 49% between natural hearing and the CI, frequency 
pitch match maps did not improve quality of sound sub-
jectively in this single case study.

P37

Manual therapy for tinnitus resulting from 
atlantoaxial dysfunction: A case report

Özlem İçöz, Songül Aksoy

University of Hacettepe

Background: Tinnitus is an imaginary sound sensation in 
the absence of overt acoustic stimulation. It can be related 
to different etiologies such as hearing loss, noise trauma, 
or cervical pathologies. Atlantoaxial dysfunction is identi-
fied radiologically where there is an increased mobility or 
laxity between the body of the first cervical vertebra (at-
las) and the odontoid process of the second cervical ver-
tebra. Balance problems, blurred vision, continuous head 
and neck pain, dizziness, feeling of fullness in the ears, mi-
graine headaches, neck pain with no motion, and reduced 
activity can be listed among the symptoms of atlantoaxial 
dysfunction. Those symptoms may deteriorate with neck 
rotation, tinnitus, and vertigo. For the treatment of atlan-
toaxial dysfunction, osteopathic manipulative interven-
tion is recommended.

Material and methods: A man aged 27 presented a 5 year 
history of discontinuous tinnitus in his left ear. With neck 
movement, especially left lateral flexion and rotation, tinni-
tus became much more intense. The audiologic evaluation 
carried out did not produce meaningful results. THI level 
was 3. Meanwhile the patient reported headache around 
his left ear and weakness in left arm for a period of 3 years 
in which the complaints progressively increased. The find-
ings from MRI screening done on the subject’s brain and 
neck earlier were normal. As per the advice of the ENT 
specialist for an audiologic evaluation and tinnitus ther-
apy, the patient underwent a physiotherapic consultation 
in line with the findings. On the antero-posterior cervical 
graphy, the atlas was observed to be located on the right 
translation. The vertebro-basilar artery test that was con-
ducted to evaluate the vertebral artery insufficiency, pos-
itive result was obtained. After evaluations, the patient, 
diagnosed with atlantoaxial dysfunction, received a total 
number of six sessions of osteopathic manipulative inter-
vention therapy consisting of myofacial release technique, 
atlas correction technique, and muscle energy technique.

Result: Following the first therapy session, the patient’s tin-
nitus complaints decreased and after the other sessions, 
the complaints faded away completely.

Conclusions: In line with this case, the importance of cer-
vical problems within the evaluation of tinnitus and the 
effects of individualized multidisciplinary therapeutic ap-
proach on the results were presented.

P38

Formant frequencies of Ling sounds emitted by 
Turkish women

Yusuf Kemaloglu¹, Güven Mengü², Çağıl Gökdoğan³

(1) Gazi University Faculty of Medicine
(2) Gazi University Faculty of Letters
(3) Gazi University Faculty of Health Sciences

Background: Ling sounds are important not only for in-
itial audiological evaluation in children but also follow-
ing gains in hearing aid or cochlear implant users. To pro-
vide appropriate access to verbal instruction, the frequency 
range of these phonemes is important. Although acoustic 
characteristics of Ling sounds are documented for vari-
ous languages, there aren’t any studies at present related 
to Turkish speakers. In this study we aimed to look for a 
range of formant frequencies (FFs) of emissions of Turk-
ish speaking women since the maternal voice is mostly 
preferred during testing of young children.

Material and methods: Twelve female (mean age: 31.83, 
min: 21, max: 44 years) native Turkish speakers with nor-
mal hearing emitted /a/, /e/, /i/, /o/, /u/, /m/, /s/, and /∫/ 
sounds. The recordings were recorded digitally with 16 bit 
resolution at 44100 Hz sampling rate in wav format. Since 
all the rest have a meaning in Turkish with the exception 
of /i/, the subjects were ordered to emit all sounds in its 
meaning as if they were calling a child almost 3 meters 
away. All recordings were filtered by 80–8000 Hz band-
pass filter and then first four FFs were calculated by Pratt 
sound analysis program.

Results: It was found that /i/ was only sound FF1 of all 
speakers was below 500 Hz, while 11 of 12 speakers emit-
ted /m/ and /o/ below 500 Hz. FF1 and FF2 of /a/ was be-
tween 500–1000 Hz and 1000–2000 Hz in all speakers, re-
spectively. FF2 and FF3 of /m/ was between 1000–2000 
Hz and 2000–3000 Hz in all speakers, respectively. FF1, 
FF2, and FF3 /∫/ were between 1000–2000, 2000–3000, 
and 3000–4000 Hz.

Conclusions: Acoustic data of Ling sounds is important 
to find out affected frequency bands and improvement 
by fitting. In this study we found that even if emitting the 
sound by giving a meaning and intention there are person-
al variations in FFs. We found that only /∫/ appears to be a 
cut-off sound at 1000 Hz, and /a/, /e/, and /s/ at 500 Hz.
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Turkish translation, transcultural adaption, 
reliability, and validity of the Amsterdam 
Inventory for Auditory Disability and Handicap

Banu Müjdeci¹, Özgü İnal², Meral Didem Türkyılmaz³, 
Serdal Kenan Köse⁴

(1)  Yıldırım Beyazıt University, Faculty of Health Sciences, 
Department of Audiology

(2)  Gaziler Physics and Therapy Education and Research 
Hospital

(3)  Hacettepe University, Faculty of Health Sciences, Department 
of Audiology

(4) Ankara University, Department of Bioistatistics

Background: The aim of this study was to adapt Amster-
dam Inventory for Auditory Disability and Handicap (AI-
ADH) into Turkish, and investigate reliability and validi-
ty of Turkish AIADH (T-AIADH).

Material and methods: This inventory contains 30 items 
to assess hearing disability. 240 individuals were includ-
ed in the study. They were divided into two groups. The 
study group included 120 patients (mean age: 40.54±11.80) 
years with hearing loss. The degree of hearing loss in the 
study group ranged from very mild to profound hear-
ing loss. 120 individuals with normal hearing (mean age: 
38.67±11.31) constituted the control group. All patients 
completed this questionnaire.

Results: The reliability analysis of 30 items in all subjects 
yielded a Cronbach alpha coefficient of 0.98. All Cron-
bach alpha coefficients obtained were above 0.70 in five 
domains of T-AIADH. Fifteen subjects with hearing loss 
(mean age: 34.40 years, standard deviation: 10.84) com-
pleted the questionnaire 3 days after their first comple-
tion to analyze test–retest reliability. Test–retest scores of 
five domains of the questionnaire did not show any sig-
nificant differences (p>0.05). There were statistically sig-
nificant differences in the study group compared with the 
control group in respect to the mean scores of each item 
and the domains (p<0.001).

Conclusions: T-AIADH has a high internal consistency 
and test–retest reliability. T-AIADH can differentiate sub-
jects with hearing loss from subjects with normal hearing.

P40

The iterative design and evaluation of gaming 
applications to facilitate the use of appropriate 
hearing aid functionalities in different acoustic 
contexts

Harshada Patel, Mirabelle D’ Cruz, Madeline Hallewell

University of Nottingham

Background: The 3D Tune-In project aims to help people 
understand and use their hearing aid (HA) functionalities, 
as well as enable others to understand hearing loss. Five 
digital games/apps simulating different acoustic contexts 

are being developed for different target groups, from old-
er HA users to young children who wear HAs and those 
who do not. The app developers had no prior experience 
of developing games for non-leisure markets, therefore 
the project’s human factors team engaged end-users and 
experts in activities to ensure the app concepts were de-
signed and refined considering the needs of HA users.

Material and methods: At the start of the project, HA us-
ers participated in paired interviews to discuss their ex-
perience of using HAs in different contexts and the typi-
cal difficulties and challenges they face. The findings were 
translated into user requirements to be implemented in the 
five apps. Early feedback from end-user evaluation of low 
fidelity concepts was used to guide the design process. The 
first stage of formative evaluation involved a) evaluation of 
the initial working prototypes of the apps by audiologists, 
and b) a detailed expert review of the apps based on gam-
ing and usability heuristics. The second (ongoing) stage of 
formative evaluation of the apps has involved adults and 
children with hearing loss, children without hearing loss 
and audiologists.

Results: Personas and scenarios describing typical HA us-
ers and their everyday experiences were developed using 
themes from the first interviews with end-users. Most of 
these HA users were unaware of, or unwilling to use dif-
ferent HA functionalities due to a lack of knowledge or 
confidence. The personas and scenarios helped the games’ 
developers to understand this target group. The first and 
second stages of formative evaluation have provided val-
uable input into the design process, in terms of improv-
ing game play and game story, game mechanics, usability, 
audiological aspects, aesthetics, and addressing accessi-
bility issues.

Conclusions: Iterative design and evaluation cycles have 
led to working prototypes of five apps: Musiclarity (for 
improving HA users’ experience of music), Play & Tune 
(games for older HA users), Dartanan (games for children 
with and without hearing loss), Darius Adventure (game 
for children without hearing loss which conveys the expe-
rience of hearing loss), and AudGam Pro (app for audiol-
ogists and patients to personalise HA fittings).

P41

Program of Varna municipality and Diagnostic 
Consulting Center (DCC) Chaika on 
“Prevention of hearing diseases in children”

Mario Milkov1; Aleksandra Manusheva2; 
Dimitar Dimitrov3; Boyanka Karabasheva3

(1)  Prof. Paraskev Stoyanov’ Medical University of Varna Faculty 
of Dental Medicine 84, Varna Bulgaria

(2)  DCC Chaika, Varna
(3)  Department of Otolaryngology and Cluster of Excellence 

„Hearing4all“, Hannover Medical School, Hannover, 
Germany

I. Purpose of the program. The program aims at imple-
menting a large-scale prophylaxis through screening 
examinations in early childhood of children from the 
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municipality of Varna for early detection of hearing loss 
and timely referral for further treatment.

II. Target group. Number of persons covered: 600 children 
in early childhood.

III. Period of conducting: March 2017 – December 2017.

IV. Justification of the needs. According to global statis-
tics, hearing morbidity in children is between 10 and 12%, 
whereas the degree of damage is different in each case. 
This means that within the program we have the chance 
to establish impairment in at least 50 to 60 children. This 
means that at stake is the welfare of more than 50 fami-
lies, our fellow citizens, and we have the opportunity to 
establish early enough the respective problem and not al-
low de-socialization of those children that would be det-
rimental to them and their families.

V. General description of the activities. For the purposes 
of the program, children domiciled in Varna municipali-
ty will be given the following examinations: 1) Otoacous-
tic emissions (OAEs); 2) Audiogram; 3) Tympanogram. 
All examinations will be carried out with the explicit in-
formed consent of the parents. For children for whom is 
established hearing impairment, the possible cause of the 
condition will be explained to their parents.

VI. Implementation.

1. Conducting screening examination. A) Otoscopy; B) 
Frontal rhinoscopy; C) Pharyngoscopy. The examination 
is conducted with a screening apparatus of the company 
Maiko by the method of otoacoustic emissions. The instru-
mentation is a global gold standard in the field of this type 
of examinations. The examination will be conducted in the 
specialized ENT sector within the DCC Chaika in Varna.

2. Evaluation of the conducted ОАЕ examination.

3. Conducting additional examination. If there are devia-
tions in hearing, the children will be further tested by au-
diogram and tympanogram.

4. Filling in prophylactic records and journal.

5. Preparation of a register of the children covered by 
the program. A special register of all children covered 
by the program will be prepared. Children with hearing 
loss will be subjected to follow-up examinations after 3 
and 6 months.

6. Filling in of a questionnaire.

P42

Comprehensive auditory perception 
performances of a peripheral polyneuropathy 
patient

Meral Didem Türkyılmaz, Filiz Aslan, Bunyamin Cıldır

University of Hacettepe

Background: Peripheral neuropathies have heterogene-
ous origins which present sensory and/or motor deficits. 
A number of different disorders may cause polyneuropa-
thy and peripheral nerve fibers are affected. Hearing loss 
is common sensor deficit in these cases. In this study we 
aimed to share the comprehensive outcomes of auditory 
perception performances of a patient with polyneuropathy.

Material and methods: The patient was a 30 year old male. 
The evaluation battery had three main parts: peripheral 
hearing evaluation, auditory perception assessment in qui-
et and noise, and neuropsychological evaluation. Periph-
eral hearing evaluation includes objective and subjective 
tests, such as OAE, ABR, and audiometry. Auditory per-
ception assessment sentence recognition test in quiet and 
matrix test in noise were used. Lastly, neuropsychologi-
cal evaluation includes Raven Standardized Progressive 
Matrices Test and Auditory Verbal Learning Test (AVLT).

Results: In peripheral hearing evaluation indicates audi-
tory neuropathy with mild sensory neural hearing loss. 
Sentence recognition test results were in only auditory 
condition 10%, in auditory verbal condition 50%. Turk-
ish Matrix test results (adaptive in quiet and adaptive in 
noise parts) were under norm values. Raven Standard-
ized Matrices Test showed his correct responses were un-
der norm values and his general ability is lower. His AVLT 
scores were in norm values, especially in long term mem-
ory performances.

Conclusions: Auditory perception performances of poly-
neuropathy cases should be evaluated with a multidimen-
sional perspective.

P43

Cognitive behavioral therapy for selective sound 
sensitivity syndrome (misophonia): A report of 
three cases

Melis Keskin Yıldız¹, Görkem Ertuğrul¹, Filiz Aslan¹, 
Kezban Burcu Avanoğlu², Gökhan Öz², Cengiz Kılıç², 
Songül Aksoy¹

(1) Hacettepe University, Faculty of Health Sciences
(2) Hacettepe University, Faculty of Medicine

Background: Misophonia, a well-known syndrome in the 
audiology literature, is defined as significant distress caused 
by certain soft noises like chewing, breathing, smacking. 
Its etiology is not known, and no effective treatment exists. 
Recently, there has been a growing interest in psychiatric 
aspects of misophonia by researchers who showed high 
psychiatric comorbidities in misophonic people. Some 
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argue that it should better be classified as a psychiatric 
disorder. Developing effective treatments is important, 
since misophonia may cause serious disability. We pre-
sent three misophonic cases, who received psychoeduca-
tion followed by 1 month of self-exposure.

Material and methods: Three patients, all women, with 
misophonic complaints were assessed for types of miso-
phonic symptoms, associated physical and emotional re-
actions, and behavioral consequences. After the initial 
assessment, which confirmed all had significant levels of 
distress related to misophonia, they received one session 
of psychoeducation, followed by a month of self-exposure 
to misophonic stimuli. The psychoeducation was adminis-
tered by an experienced psychiatrist, and involved infor-
mation on the physiology and mechanism by which mis-
ophonia develops. The patients were then encouraged to 
expose themselves daily to misophonic stimuli and keep 
a diary on their exposures and how they dealt with them. 
They were also given measures of anxiety, depression, 
and OCD/OC. All patients were assessed for audiologi-
cal problems and LDL.

Results: All three patients had normal hearing thresholds 
and normal timpanogram findings. Only one patient had 
LDL between 80–90 dB. Two out of three patients report-
ed 60–80% reduction in their symptoms at the end of one 
month. One patient did not report any improvement de-
spite the fact that she also carried out her exposure home-
work. Of note, her main symptom differed from the other 
two: she was distressed by a mechanical sound (squeezed 
plastic bottle), as opposed to others who were distressed 
by the more common sounds emanating from the mouth.

Conclusions: Our findings show that misophonic symp-
toms may benefit from psychoeducation and self-expo-
sure. We do not know if the improvements will persist at 
follow-up. Future studies should examine if comorbid psy-
chiatric conditions or misophonia subtypes respond dif-
ferentially to treatments.
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Functional and morphological analysis of 
different aminoglycoside treatment regimens 
inducing hearing loss in mice

Lukas Horvath1, David Bächinger1, Tim Honegger1, 
Andreas Eckhard1, Daniel Bodmer2, Arianne Monge 
Naldi1

(1)  University of Zurich and Department of Otorhinolaryngology, 
Head and Neck Surgery, University Hospital Zurich, Zurich, 
Switzerland

(2)  Inner Ear Research, Clinic for Otolaryngology, University 
Hospital Basel, University of Basel, Basel, Switzerland

Background: The assessment method most commonly 
used to determine effects on auditory function in mice are 
auditory brainstem response (ABR) and, less frequently, 
distortion product otoacoustic emissions (DPOAE). How-
ever, comparison of the relative sensitivity between ABR 
and DPOAE to aminoglycoside toxicity in C57BL/6 mice 
has not yet been reported. Furthermore, standardized and 

specific methods to assess peripheral auditory function be-
fore and after aminoglycoside toxicity have yet to be estab-
lished. We assessed different regimens for gentamicin- and 
kanamycin-induced ototoxicity and evaluated ABR and 
DPOAE pre- and post-treatment. The aim of our study was 
to find an ideal in vivo assessment of hearing thresholds 
at baseline and after aminoglycoside ototoxic treatment, 
comparing the sensitivity of ABR and DPOAE.

Material and methods: 4- to 6-week-old C57BL/6J mice 
were used to assess the optimal aminoglycoside dose reg-
imen to induce sufficient ototoxic injury while maintain-
ing a low mortality rate. Three aminoglycoside regimens 
were administered to three separate groups (n=12), and 
hearing ability was assessed by ABR (broadband clicks 
and frequency specific tone bursts) and extended frequen-
cy range DPOAE. Moreover, quantitative morphological 
analysis of the organ of Corti was performed.

Results: Kanamycin treatment produced significant hear-
ing threshold shifts in click ABR and DPOAE and a trend 
in frequency-specific ABR. Mortality rate was 0%. DPOAE 
seems to detect auditory function damage in the high fre-
quencies earlier than ABR. Kanamycin plus furosemide as 
a single dose was insufficient to cause substantial threshold 
shifts. Gentamicin was associated with a high mortality rate 
and no hearing threshold shift. Inner and outer hair cell 
count was consistent with the data for hearing thresholds.

Conclusions: To date, a comparison of the relative sensi-
tivity between ABR and DPOAE to aminoglycoside toxic-
ity in C57BL/6 mice has not been reported. We compared 
click and extended frequency-range ABR and DPOAE in 
aminoglycoside-induced ototoxicity. An ototoxic regimen 
with kanamycin twice daily for 15 consecutive days was 
found to be effective, safe, and well tolerated. It produced 
a significant hearing threshold shift as measured by click 
ABR and DPOAE and a tendency for an effect on fre-
quency-specific ABR. We demonstrate a higher sensitiv-
ity of DPOAE as it detects hearing threshold shifts earli-
er in high frequencies.

P45

Effect of glutathione S-transferase genetic 
polymorphisms on music-induced hearing loss

Tengchin Wang1, Chunyo Lin2

(1) Tainan Municipal Hospital
(2) National Cheng Kung University Hospital

Background: Both genetic and environmental factors con-
tribute to noise-induced hearing loss (NIHL). The objec-
tive of this study is to investigate the hypothesis that glu-
tathione S-transferase (GST) genetic polymorphisms was 
related to susceptibility to developing NIHL caused by 
music exposure.

Material and methods: This cross-sectional study recruit-
ed high school students who habitually listen to music with 
portable players. PTA, distortion product otoacoustic emis-
sion (DPOAE), and a questionnaire were obtained. Cumu-
lative noise exposure (CNE) was calculated by listening 
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time and volume of using portable players. Effects of GST1, 
GSTM1, and GSTP1-105 on NIHL were analyzed.

Results: A total of 312 subjects were analyzed. Mean of 
PTA at high frequency (average of 3000, 4000, and 6000 
Hz) was 8.07 dB HL (SD=5.98). DPOAE amplitude lev-
el at high frequency was 20.28 dB SPL (SD=5.10). Mean 
of CNE was 84.57 dB-year (SD=11.42). With the regres-
sion analysis model, there was a good dose–response re-
lationship between CNE and DPOAE amplitude levels at 
high frequency (p<0.05). Furthermore, those subjects with 
GSTT1-null, GSTM1-null, and GSTP1-105 Ile/Ile gen-
otypes had higher susceptibility for developing hearing 
threshold elevation at high frequency (p<0.05).

Conclusions: This study identified that GST genetic pol-
ymorphisms might modify the susceptibility of hearing 
threshold elevation at high frequency caused by music ex-
posure. Moreover, investigations of other genotypic vari-
ants involved in oxidative stress response for elucidating 
gene–environment interaction for NIHL are warranted.
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The effect of garlic derivatives 
(S-allylmercaptocysteine, diallyl disulfide) and 
high-dose vitamin B12 on noise-induced hearing 
loss: An experimental study

Şahin Muhammed Melih1, Uğur Mehmet Birol2, 
Karamert Recep1, Yücel Aytekin Sinem1, Kabiş Burak1, 
Düzlü Mehmet1, Seymen Camile Merve1, Elmas Çiğdem1, 
Gökdoğan Çağıl1, Göksu Nebil1

(1) Gazi University Faculty of Medicine, Ankara
(2)  Gazi University Faculty of Medicine, Beşevler, Ankara

Objectives: Exposure to noise at excessive levels is known 
to cause damage to the inner ear, resulting in noise-in-
duced hearing loss. Garlic with its intrinsic antioxidant 
activity may prove beneficial in prevention from noise-in-
duced hearing loss. S-allylmercaptocysteine (SAMC) and 
diallyl disulfide (DD) are two active compounds found 
in garlic. Previous studies have shown a relationship be-
tween vitamin B12 deficiency and chronic tinnitus cou-
pled with noise-induced hearing loss. In this study, we in-
vestigated the effect of SAMC, DD, and high-dose vitamin 
B12 on noise-induced hearing loss in rats by using brain-
stem-evoked response audiometry (BERA).

Material and methods: Twenty-four male Wistar rats with 
intact Preyer’s reflex initially weighing 200–250 g were 
randomly assigned to either noise-induced hearing loss 
with SAMC treatment group (Noise-w SAMC), DD treat-
ment group (Noise-w DD), vitamin B12 treatment group 
(Noise-w B12), or physiological saline (without any ac-
tive compounds) treatment groups (Noise-w PS) (n=6 rats 
each group). SAMC 100 mg/kg and DD 50 mg/kg body 
weight were given intragastrically, vitamin B12 1 mg/kg 
body weight was given intraperitoneally, and physiologic 
saline 100 mg/kg orally once daily to subjects in Noise-w 
SAMC, Noise-w DD, Noise-w B12, and Noise-w PS groups, 
respectively for 4 weeks during the study. On the 14th day 
rats were exposed to 110 dB sound pressure level white 

noise for 8 h. Before noise exposure and after noise ex-
posure at 1 h, 48 h, and 14 days hearing thresholds were 
evaluated by using the BERA test.

Results: The mean amplitude of auditory thresholds meas-
ured by using BERA for the treatment groups (Noise-
w SAMC, Noise-w DD, Noise-w B12) were significantly 
better than control group (Noise-w PS) at 6 and 8 kHz. 
There was no significant difference between individual 
treatment groups.

Conclusions: SAMC, DD, and vitamin B12 seem to pre-
vent noise-induced hearing loss.
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Auditory processing disorder questionnaires in 
children and simplified Russian matrix test in 
noise

Ekaterina Garbaruk¹, Marina Goykhburg², Anna 
Warzybok³, Birger Kollmeier³, Zarema Merza⁴, Maria 
Boboshko⁵, George Tavartkiladze², Pavel Pavlov⁴

(1)  Saint Petersburg State Pediatric Medical University, 
Academician I.P. Pavlov First St Petersburg State Medical 
University

(2)  National Research Centre for Audiology and Hearing 
Rehabilitation

(3)  Medical Physics and Cluster of Excellence H(4)a, Carl von 
Ossietzky Universität, Oldenburg

(4) Saint Petersburg State Pediatric Medical University
(5)  Academician I.P. Pavlov First St Petersburg State Medical 

University

Background: The true prevalence of auditory process-
ing disorder (APD) is not yet known. It is estimated that 
2–5% of children are affected by ADP. Identification and 
diagnostics of ADP in children continues to be a chal-
lenge. Screening tools help to decide the need for evalua-
tion. Several ADP screening tools are well known: Screen-
ing Instrument for Targeting Educational Risk; Children’s 
Auditory Performance Scale (CHAPS); Fisher’s Auditory 
Checklist; Auditory Processing Domains Questionnaire; 
Buffalo Model Questionnaire Revised, etc. However, none 
of them are used routinely in Russian language. Among 
the diagnostic tests, speech audiometry in noise has been 
shown to be a sensitive test for ADP.

Aim: To confirm CHAPS and Fisher’s Auditory Check-
list in Russian and to relate the results to speech percep-
tion in noise assessed with the Simplified Russian Matrix 
(RuMatrix) test.

Material and methods: Data of CHAPS and Fisher’s Audi-
tory Checklist questionnaires were collected for 49 and 52 
children, respectively. Children in age from 5 to 11 years 
were considered. All children were native Russian speak-
ers. Pure tone audiometry, impedancemetry, and simpli-
fied RuMatrix test were performed for all children. All of 
them had normal hearing level, speech and language de-
velopment, and normal academic achievement at school.
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Results: The mean value of Fisher’s Auditory Checklist 
was 85.7±9.3. Two children had a score of Fisher’s Audi-
tory Checklist below 2 standard deviations. The mean val-
ue of CHAPS questionnaire was equal to 0.08±0.26 and 
all children were within the normative range. The slope of 
the speech recognition function did not statistically differ 
across different age groups of children. Also the test–re-
test reliability of the simplified RuMatrix test was similar 
for all groups of children and equaled 1.3 dB on average. 
The youngest children in age of 5 and 6 years had higher 
(worse) speech recognition thresholds than older children.

Conclusions. The obtained results of questionnaires are in 
a good agreement with the test data for the English lan-
guage version. The simplified RuMatrix test was shown to 
be a reliable tool for speech intelligibility measurements 
in children. Further studies are required with ADP sub-
jects in order to validate the tests.

P48

Auditory neuroplasticity and its functional 
benefits in children with cochlear dead regions

Alicja Malicka

The University of Queensland

Cochlear dead regions (CDRs) are regions in the coch-
lea where the inner hair cells (IHCs) and/or neurons are 
non-functioning. Tones producing peak vibration in the 
CDR are then detected by functioning IHCs and neurons 
at or near that region’s edge frequency (fedge). The presence 
of CDRs has been shown to cause changes in the audito-
ry nerve and the auditory parts of the brain in animals by 
way of neural plasticity. These changes include tonotopic 
reorganisation of the auditory brainstem and auditory cor-
tex resulting in the overrepresentation of frequencies near 
fedge. In adults with CDRs, this reorganisation can lead to 
some functional benefits. Moore and Vinay (2009) report-
ed that adults with high-frequency CDRs could use low-
frequency information more effectively than those with-
out CDRs, showing enhanced frequency discrimination 
thresholds and performing better at consonant identifica-
tion in low-pass filtered speech. In children with CDRs, 
this effect may be stronger due to their potential for great-
er neural plasticity.

The present study aims to explore the relationship between 
the use of low-frequency information and the presence of 
high-frequency CDRs among children aged 7–15 years 
with sensorineural congenital hearing loss. By using psy-
chophysical tuning curves and the Threshold Equalising 
Noise (TEN) test to identify children with CDRs, and com-
paring their frequency and temporal resolution at low-fre-
quencies, and perception of low-pass filtered speech with 
those of children without CDRs, any enhanced ability to 
use low-frequency information among children with CDRs 
may be detected.

The results of this study have implications for the under-
standing of the effect of CDRs on neural plasticity in chil-
dren, and the methodological challenges facing research-
ers investigating this population.
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Subcortical and cortical encoding of click and 
speech stimuli: Neurophysiological evidence

Fabian Guignard1, Jean-François Knebel1, Arnaud 
Jeanvoine1, Jean-Marc Vesin2, Celine Richard1

(1) CHUV Lausanne
(2) EPFL

Background: Recent reports underpin the importance of 
speech auditory brainstem responses (SABR) recording 
as a biomarker of speech encoding at the brainstem lev-
el. Despite increasing literature, little is known yet about 
relationship between brainstem and cortical speech and 
click-evoked potentials. Objectives are twofold: first to ob-
jectivize the relationship between click and speech stim-
ulus encoding at subcortical and cortical levels as a func-
tion of intensity; second to analyze generator activation 
at the different level of the auditory pathway.

Material and methods: Eight normal-hearing French na-
tive adult speakers (thresholds lower than 20 dB at all hear-
ing frequencies) aged between 22 and 25 (mean=24.7 and 
SD=0.88 years), with no history of hearing disorders were 
enrolled in the study. Click-evoked brainstem and corti-
cal responses were recorded at 6 intensities from 60 dB 
down to 0 dB SL. Speech auditory brainstem and cortical 
responses were elicited using a 150 ms natural consonant–
vowel /ba/ syllable at 60, 50, 40, and 30 dB SL. Stimuli (ei-
ther click or speech) were binaurally presented through 
insert earphones to each subject and responses were re-
corded using a 32-channel EEG system.

Results: We found that neural responses at both the sub-
cortical and cortical levels vary as a function of stimula-
tion intensity with identification of an optimum threshold 
allowing for a reliable SABR components analysis. No dif-
ference between click and speech generators was found at 
the subcortical level. Differences between click and speech 
stimuli were observed at the cortical level.

Conclusions: Even though common brainstem generators 
are shown, findings demonstrate differences in speech ver-
sus click ABR biomarker behavior as a function of stim-
ulation intensity. We identify optimum stimulation pa-
rameters allowing for an accurate and reliable analysis of 
speech neural encoding at subcortical and cortical levels.

P50

Data transfer between measuring devices and 
tracking software: Wireless, bi-directional, 
efficient

Peter Böttcher

Path Medical GmbH

A universal and quality controlled newborn hearing 
screening program requires a number of prerequisites for 
a long term, efficient and reliable outcome. This includes 
a direct data transfer between instruments and tracking 
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server. Data transfer via SIM card technology is equal to 
an “out of the box” solution, independent of any hospital 
IT infrastructure. Data is encrypted and transferred di-
rectly from instruments to a central database in the track-
ing center. Mobile data networks are available worldwide, 
even in areas with limited infrastructure.

In addition, a nationwide screening program requires uni-
form prerequisites, especially with respect to test-settings, 
risk-factors, applicable data fields, user-management, and 
user-profiles. The evolution from one-directional to bi-
directional (two-way) data exchange offers the possibil-
ity of configuring all connected measuring devices from 
one central location.

Historically, when any configuration changes were re-
quired the employee had to visit the facility or the device 
had to be sent back to the service department. With bi-di-
rectional communication all settings can be made in the 
tracking center, generating substantial saving in resourc-
es. Programs in nations with long distances or limited in-
frastructure cannot provide personal on-site service, if for 
example a user has changed his or her name or login cre-
dentials. But even for distances in smaller regions such as 
Germany, the system is working more efficiently with bi-
directional data exchange.

The independent wireless data transfer can be connect-
ed to all existing tracking systems. In combination with 
pathTrack software, the functionality is available for all age 
groups and in different screening approaches, e.g. in pre-
school, newborn hearing screening, or telemedicine. The 
presentation illustrates the advantage of the telemedicine 
approach in screening programs as it is implemented in 
countries with long distances to medical professionals, like 
in Iran, Georgia, or Uzbekistan.
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Common Audiological Functional Parameters 
(CAFPAs) as common representation of 
audiological knowledge

Mareike Buhl1, Marc René Schädler1, Anna Warzybok1, 
Jörg Lücke2, Birger Kollmeier1

(1)  Medical Physics and Cluster of Excellence H4a, Carl von 
Ossietzky Universität Oldenburg

(2)  Machine Learning and Cluster of Excellence H4a, Carl von 
Ossietzky Universität Oldenburg

Background: For performing audiological diagnostics, dif-
ferent clinics are using different audiological test batteries. 
The choice of measurements depends on the preferences 
of the respective audiologists, as well as on their experi-
ence with different measurement procedures. For exam-
ple, ENT doctors or audiologists may be convinced of dif-
ferent tests for measuring speech intelligibility.

Material and methods: A set of abstract parameters, called 
the Common Audiological Functional Parameters (CAF-
PAs) is proposed in order to integrate audiological knowl-
edge from different locations. The CAFPAs are designed 
to represent the information obtained from audiological 

measurements in a uniform and abstract way, covering the 
most important aspects of a patient’s hearing loss. By that, 
expert knowledge from different ENT clinics could be rep-
resented and provided back to all audiologists.

The CAFPAs are designed for the purpose of constitut-
ing a common interface from which the diagnoses can 
be concluded independently of the used measurements. 
CAFPAs represent different functional principles of the 
auditory system and thereby do not only form an abstract 
layer necessary for modeling audiological diagnostics (e.g. 
with Bayesian Analysis), but are also interpretable by hu-
mans. Hence, it could be used as a teaching representa-
tion of diagnostic outcomes, to be included in audiolog-
ical textbooks.

A survey among experts from Hanover and Oldenburg was 
conducted to gather information about measurement re-
sults and a first guess of CAFPAs for 14 given diagnostic 
outcomes. Seven typical hearing disorders as well as sev-
en related provision indications were asked in the survey. 
The survey was designed in such a way that CAFPAs were 
established and their relation to measurements and diag-
noses was defined. In order to get structured results ac-
cording to discriminable diagnostic cases, the diagnostic 
outcome was given, while measurement results and CAF-
PAs had to be rated.

Results: Diagnostic outcomes could be distinguished re-
garding audiological measurements or CAFPAs, respec-
tively. A graphical representation of the CAFPAs was de-
veloped, which may be interpreted intuitively by experts, 
students, and patients.

Conclusions: The relationship between CAFPAs and di-
agnostics is now defined by collected expert knowledge. 
The graphical representation forms a basis of communi-
cation for diagnostic and teaching purposes.
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Novel MRI techniques for examining structure 
and function of the central auditory pathway

Rebecca Dewey1, Susan Francis1, Deborah Hall1, 
Christopher Plack2

(1) University of Nottingham
(2) University of Manchester

Animal studies show that short-duration noise exposure 
and low-level noise exposure are sufficient to cause per-
manent damage to high-threshold auditory nerve synaps-
es. This does not affect sensitivity to quiet sounds, only to 
supra-threshold sounds, such as speech in noise. It has yet 
to be determined whether “hidden” hearing loss is associ-
ated with a physiological change measurable in humans.

The long-term aims of this neuroimaging study are to de-
termine: 1) which MRI measures in the human central 
auditory system are associated with hidden hearing loss; 
2) whether these measures are also associated with tinni-
tus or hyperacusis.
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Structural and functional MRI data were collected on a 
Philips Ingenia 3T MR scanner with a 32-element head 
coil. We compared structural images with different im-
age contrasts (T1, T2, balanced), to improve confidence 
in identifying the relevant nuclei involved in auditory pro-
cessing. Detection of sound-evoked activation was opti-
mised by comparing different functional MRI (fMRI) scan 
parameters: continuous versus sparse acquisition, cardiac 
gating, and active noise cancellation. In each condition, 
broadband noise was presented for 24 s followed by a rest 
period between successive stimuli. Data were corrected for 
distortion and motion, and spatially smoothed. Statistical 
analyses were performed using a GLM of stimulus onset, 
offset, and duration, with motion parameters, white matter, 
and CSF nuisance regressors as covariates of no interest.

T2-weighted images provided the most useful structural 
information. fMRI data acquired using the cardiac-gated 
sparse scheme were limited to 10 slices, and thus challeng-
ing to plan to ensure total coverage. fMRI using continu-
ous acquisition (TR=2 s) gave 20-slice coverage, as well as 
improved signal-to-noise per unit time. This provided ad-
equate functional contrast-to-noise within the brainstem 
(specifically inferior colliculus). Following full optimisa-
tion of stimulus presentation to present at a higher lev-
el and reduction of the rest period to 42 s, activations in 
auditory cortex reached statistical significance in a single 
individual, FWE corrected.

We have optimised structural and functional imaging 
schemes to allow anatomical definition of regions of in-
terest and sound-evoked activations in the ascending au-
ditory pathway.

This work is supported by MRC reference MR/L003589/1 
awarded to the University of Manchester.
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Assessment of adults’ emotional prosody 
perception and production

Ayşe Ertürk, Maviş Emel Kulak Kayikçi

Hacettepe University, Faculty of Health Sciences

Background: Emotional prosody is characterised by stress-
es, intonations, pauses, pitch, and loudness variations of 
speech due to the expression of feelings. In this study, the 
emotional prosody production patterns and perceptions 
have been depicted using meaningless word lists in order 
to obtain normative data on the production and percep-
tion of emotional prosody.

Material and methods: In order to evaluate the emotion-
al prosody perception 42 individuals (27 women, 15 men) 
were included the current study. 32 sentences expressed by 
reflecting the emotions of neutral, anger, happiness, and 
sadness by the actor were played. Participants were asked 
to mark the state of emotion they were listening to on 
the form which was prepared by the researcher. To eval-
uate the production of emotional prosody, the same cues 
were asked to expressed using the same emotional states 

and the voice recordings were analyzed in terms of funda-
mental frequency (F0), loudness, and duration of speech.

Results: The results showed that no variance between gen-
ders in the perception of emotional prosody (p=0.725). On 
the other hand, difference has been observed in produc-
tion of emotional prosody between genders in the pitch 
variation of speech (p<0.05). Within group comparisons 
women tended to use higher pitch in the expression of 
happiness compared to feeling of sadness and neutral state 
of feeling (p<0.05). In the speech loudness examination, 
however, both men and women produced variable levels 
of loudness for different states of feelings (p<0.05). When 
the speech is analysed in terms of duration both men and 
women decreased the rate of their speaking while express-
ing the feeling of sadness compared to anger, happiness, 
and neutral feelings (p<0.05).

Conclusions: The most evident feature of Turkish emo-
tional prosody has been observed to be changes in the 
loudness of speech for both men and women.
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A 5-year longitudinal study of central and 
peripheral auditory function in Alzheimer’s 
disease and mild cognitive impairment

Esma Idrizbegovic, Christina Hederstierna, Jenny 
Häggström, Ulf Rosenhall

Karolinska University Hospital

Background and aim: The objective was to study the 
longitudinal outcome of central and peripheral audito-
ry function in three study groups consisting of patients 
with Alzheimer´s disease (AD), mild cognitive impair-
ment (MCI), and a reference group with subjective mem-
ory complaints (SMC).

Material and methods: A consecutive group of 136 in-
dividuals participated at the baseline examination. They 
were assessed with a test battery comprising pure tone au-
diometry, speech perception in noise (SPN) and quiet, and 
dichotic digit test (DDT), free and direct report with two 
digits. They were examined at baseline and at a follow-
up after 4–7 years (mean: 5.1 years). Of the subjects who 
participated at baseline, 47 were examined at follow-up.

Results: At the end of this longitudinal study the DDT 
scores of the right ear in the AD group had shown a sig-
nificant decline over 5 years. At follow-up, the MCI pa-
tients had excellent DDT performance similar to the per-
formance seen in the reference group, and they had not 
scores in between the other two groups.

Conclusions: For those patients who developed AD dur-
ing the 5 year follow up period, DDT was an indicator of 
the ongoing progress to dementia. At follow-up, the DDT 
performance of the MCI patients had not deteriorated dur-
ing the study period. DDT had not the capacity to pre-
dict which non-demented patients at baseline who were 
at risk to develop AD.
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The relationship between balance and gait 
characteristics in mild stage Alzheimer’s: 
A preliminary study

Ülkü Kezban Ertan, Mine Baydan, Hatice Çalışkan, 
Burcu Balam Yavuz, Songül Aksoy, Nuray Kırdı

Hacettepe University

Background: Alzheimer’s is the most common form of 
dementia. It is a brain disease that causes memory loss 
and decreased thinking and reasoning skills. Also people 
with Alzheimer’s may have trouble with balance and gait. 
This deterioration negatively affects daily living activities. 
This study aimed to investigate the relationship between 
balance and gait characteristics in mild stage Alzheimer’s.

Material and methods: The study included 14 elderly pa-
tients with mild Alzheimer’s disease from the Geriatrics 
Department. Socio-demographic characteristics such as 
age and gender were recorded. Othoscopic and tympa-
nometry impedance tests, pure-tone audiometry was per-
formed using supra-aural earphones to exclude any com-
munication problem. Functional balance was assessed by 
the Berg Balance Scale (BBS) and walking characteris-
tic was assessed by static posturographic analysis system 
(Neurocom SMART Balance Master, Long Force Plate).

Results: This study included 5 males and 9 females. Their 
average age was 77.78±5.88 years and average body mass 
index was 28.41±7.41 kg/m{2. Although there was a sta-
tistically significant positive correlation between BBS and 
stride length (r=0.821, p<0.001), walking speed (r=0.854, 
p<0.001); there was found no statistically significant cor-
relation between BBS and step width, tandem walking 
step width, tandem walking speed, respectively (p>0.05).

Conclusions: It has been shown that balance was found 
relationship with walking across speed but no relationship 
with tandem walking speed. In our study, stride width not 
reflected balance status although it is predictor of balance 
in elderly. The Berg Balance Scale includes a tandem stance 
instead of a tandem walking. So Berg Balance Scale may 
not have a relationship with tandem walking speed.
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The impact of tinnitus on listening effort 
performance in individuals with normal hearing 
and hearing loss: A pilot study

Emre Gürses1, Songül Aksoy2

(1)  Hacettepe University, Faculty of Health Sciences, Department 
of Audiology

(2) Hacettepe University, Faculty of Health Sciences

Background: Subjective tinnitus is the perception of sound 
in the absence of any corresponding external stimulus. Tin-
nitus is seen more frequently in people who suffer from 
hearing loss or different ear problems, however people 
with normal hearing loss may also suffer from tinnitus. As 

tinnitus patients among others often indicate concentra-
tion difficulties related to speech understanding, tinnitus 
recently has been hypothesized to impair cognitive pro-
cessing. Considering its impact on people’s physical well-
being, a clinical measurement of listening effort is essential.

Objectives: The aim of this study was to indicate the ef-
fects of tinnitus on listening effort in relation to tinnitus, 
with or without hearing loss and cognitive performance.

Material and methods: In this pilot study, a total number 
of 45 people which consists of 15 normal-hearing subjects 
with tinnitus, 15 hearing loss subjects with tinnitus, and 15 
people as a control group were included. Tinnitus Hand-
icap Inventory (THI), Montreal Cognitive Assessment 
(MOCA), pure tone hearing assessment, and speech dis-
crimination tests were applied before evaluating listening 
effort. A primary speech-recognition task and a second-
ary visual task were performed both separately and simul-
taneously. The THI was used to control for tinnitus hand-
icap as a confounding factor. MoCA was used to screen 
for cognitive situation.

Results: The individual average THI score of subjects with 
tinnitus is calculated as 42.40 (±14.85), and of hearing loss 
subjects with tinnitus is calculated as 56.0 (±14.51). And 
the MoCA results are calculated to be 25.0 (±2.60) with-
in subjects with tinnitus and 19.50 (±4.52) within hearing 
loss subjects with tinnitus. Listening effort was significant-
ly higher in the tinnitus group across listening conditions. 
But the listening performance with second task of hear-
ing loss subjects with tinnitus is observed to be reduced. 
Subjective listening effort did not significantly differ be-
tween both groups.

Conclusions: It is concluded that impact within the Lis-
tening Effort performances of subjects with tinnitus is 
closely related with hearing loss and cognitive processes 
and should be taken into consideration during the eval-
uation process. There is a need to further investigate the 
cognitive functions important for speech understanding 
and their possible relation with the presence of tinnitus 
and listening effort.
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The impact of working memory load on spoken 
word recognition in noise: Evidence from eye 
movements

Gal Nitsan¹, Limor Lavie², Boaz Ben-David³

(1) University of Haifa, Interdisciplinary Center (IDC) Herzliya
(2) University of Haifa
(3)  Interdisciplinary Center (IDC) Herzliya, University of 

Toronto

In daily life, speech perception is usually conducted in 
noise, while listeners perform additional tasks that tap 
working memory capacity. However, the role of working 
memory in speech processing in noise is not clear. This 
study examined how working memory load affects spoken 
word recognition in noise, as the word unfolds in time us-
ing eye-tracking. Listeners heard spoken instructions that 
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relate to an object presented in the visual display, while 
their eye movements were recorded. For example, partic-
ipants might be asked to “touch the candle,” as four ob-
jects are depicted on the monitor: a CANDle, a CANDy, 
a dog, and a bicycle. As the speech signal unfolds, sever-
al alternatives are activated in response to phonemic in-
formation, i.e., CAND leads to candy and candle. In or-
der to successfully achieve word recognition, one has to 
inhibit phonological alternatives, as contradictory infor-
mation is accumulated (DY). With millisecond accuracy, 
we tracked in real-time the extent to which the focus on 
the target word ‘candle’ (indicating linguistic processing), 
was delayed due to competing activation of the phonologi-
cal competitor, ‘candy’. Words were presented on the back-
ground of speech spectrum noise at a fixed –4 dB signal 
to noise ratio. We manipulated working memory load by 
using a digit pre-load task, where participants had to re-
tain either one (low-load) or four (high-load) spoken digits 
for the duration of the word recognition trial. Thus, a tri-
al began with 1 or 4 spoken digit(s). Listeners were asked 
to press on the pictogram depicting the spoken word. 
Next, they were prompted to recall the digit(s) aloud. Our 
previous study (Hadar, Skrzypek, Wingfield, & Ben-Da-
vid, 2016) showed that the discrimination between the 
two phonologically competing alternatives was harder in 
the high-load than in the low-load condition, with words 
presented in quiet. These results suggested that working 
memory plays a role in speech perception, even when per-
formed in ideal listening conditions. Initial data from the 
current study suggests a possible interaction of the effects 
of noise and working memory load. When words are pre-
sented in noise, working memory load delayed recogni-
tion more than when words were presented in quiet. This 
additional delay was inflated for listeners with lower, yet 
normal, working memory span. Finally, our data suggests 
that working memory and noise tap the same resources 
in speech perception.

P58

Tinnitus pitch in patients with normal hearing 
sensitivity

Buşra Altın, Songul Aksoy

Hacettepe University, Faculty of Health Sciences

Objectives: Tinnitus is one of the biggest problems that 
can affect the quality of life and hearing loss is an impor-
tant risk factor for tinnitus. In these patients, the course of 
hearing loss may suggest a relation between tinnitus pitch 
and the audiometric frequencies of hearing loss. On the 
other hand patients who complain about tinnitus can have 
normal hearing sensitivity. Hence, we aim in our study to 
investigate the tinnitus pitch in patients with normal hear-
ing sentitivity and also its relationship with the Tinnitus 
Handicap Inventory (THI) scores.

Material and methods: In our study, we evaluated 41 pa-
tients diagnosed with chronic tinnitus whose ages ranged 
between 22 and 63 years. We performed pure tone audim-
etry (125–8000 Hz), tinnitus pitch matching, and THI to 
all participants. The THI is a self-report measure that can 
be used to quantify the impact of tinnitus on daily life.

Results: In total, 56.1% of patients were male, and the av-
erage patient age was 45.9 years. Tinnitus was seen much 
more in the left ear (60.3%) than in the right. Four of the 
participants had moderate sensorineural hearing loss so 
they were excluded from the study. Audiogram shows 27% 
of normal hearing with flat audiograms but 32.4% of them 
had normal hearing up to 2 kHz and 24.3% of them had 
normal hearing up to 4 kHz and sloping down gradually. 
In 39.6% of cases, the tinnitus pitch was 6000 Hz, 20.6% 
of them 8000 Hz, and 17.2% 4000 Hz. In flat audiograms, 
50% of subjects had a pitch of 6000 Hz and 40% of them 
had 8000 Hz. The THI score average was 57.1, but no cor-
relation was found between hearing levels and THI scores.

Conclusions: We concluded that even in normal hearing, 
the shape of the audiogram might give some information 
about tinnitus pitch. Finally, THI is an important tool for 
the determination of tinnitus disturbance but it can not 
provide additional information about tinnitus pitch.

P59

Is there a negative modulation masking release 
in hearing-impaired listeners for speech 
recognition at high noise levels?

Melanie A. Zokoll1, David Hülsmeier2, Marc René 
Schädler2, Kirsten C. Wagener1, Nina Wardenga3, Hannes 
Maier3, Birger Kollmeier2

(1)  Hörzentrum Oldenburg GmbH and Cluster of Excellence 
„Hearing4all”, Oldenburg, Germany

(2)  Medizinische Physik and Cluster of Excellence „Hearing4all“, 
Carl von Ossietzky Universität Oldenburg, Germany

(3)  Department of Otolaryngology and Cluster of Excellence 
„Hearing4all“, Hannover Medical School, Hannover, 
Germany

Background: The speech level necessary to obtain 50% 
speech intelligibility increases with increasing background 
noise level and is lower for fluctuating than for station-
ary noise, termed as “modulation masking release”. At 
the same time, differences in the required speech levels 
between listeners with normal and impaired hearing de-
crease. The loss in speech recognition thresholds (SRT) are 
mainly attributed to audibility decrease plus an individu-
al distortion component of the hearing impairment (e.g., 
Plomp 1978, Plomp 1993). Kollmeier et al. (2016) used the 
ASR-based Framework for Auditory Discrimination Ex-
periments (FADE) to predict the outcome of the Matrix 
test for hearing impaired listeners and found a theoretical 
basis for this relation. However, in the region between 40 
and 80 dB SPL, FADE consistently predicted lower thresh-
olds for stationary noise than for fluctuating noise. They 
argued that fluctuating noise occasionally exceeded audi-
bility threshold and hence disturbed speech cue detection 
more than the stationary noise. The current study system-
atically investigates the effect of different noise presenta-
tion levels in those two maskers.

Material and methods: 10 listeners with normal hear-
ing and 30 listeners with PTAs (0.5, 1, 2, 4 kHz) between 
approximately 30 and 50 dB HL were tested in monau-
ral headphone measurements. SRTs were determined for 
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the stationary test-specific noise, as well as for the fluc-
tuating ICRA5_250 noise at noise presentation levels be-
tween 55 and 85 dB SPL.

Results and conclusions: In accordance with the predic-
tions, differences in SRT between listeners with differ-
ent grades of hearing impairment for the stationary noise 
decreased with increasing background noise level. For 
ICRA5_250, however, differences in SRTs between listen-
ers of different hearing impairment were preserved across 
all noise levels tested. Further, about 50% of the listeners 
with PTAs above 35 dB HL, or SRTs in quiet above 35 dB 
SPL, respectively, showed better thresholds for stationary 
noise than for fluctuating noise at several of the noise lev-
els tested. Those results confirm the hypothesis of a loss of 
“modulation masking release” in hearing impaired listen-
ers at noise levels that are relevant in everyday communi-
cation situations. However, the occurrence and magnitude 
of this loss seems to vary considerably across individuals.
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Idiopathic sudden sensorineural hearing loss in 
clinical practice

Lea Zupan

General Hospital Celje

Background: Sudden hearing loss (SHL) is defined as 
greater than 30 dB hearing reduction, and its incidence 
has been reported to be 5–30 per 100,000 person per year. 
There is no report how often patients with Idiopathic Sud-
den Sensorineural Hearing Loss (ISSHL) come to an emer-
gency center in a year. The objective of this study was to 
determine the effectiveness and safety of early corticoster-
oid treatments for ISSHL.

Material and methods: In 2016 we treated in the Emer-
gency Center 85,889 patients. We diagnosed 49 patients 
with SSHL by history, physical examination looking for 
infections, systemic diseases, ototoxic medications, and 
by documenting a recent decline in hearing. In our retro-
spective study, 5 patients had nevroboreliosis, 2 multiple 
sclerosis, and 42 ISSHL. 16 patients were not accepted in 
our study because hearing loss lasted more than a week. 
We started treating 26 patients within 2 to 5 days of symp-
tom onset. 21 patients where treated with oral corticos-
teroids. 4 patients received combined treatment with oral 
steroids and intratympanic injections of dexamethasone. 
We performed intratympanic steroids as primary initial 
treatment in 1 patient with diabetes mellitus. 6 patients 
dropped out because they did not come for follow-up. 
Pre and post-treatment audiometric evaluations were an-
alyzed, as well as tolerance of the procedure in 20 patients 
(age 44–82 years, mean age: 60 years; 9 male, 11 female).

Results: 80% of patients achieved successful treatment ac-
cording to evaluate hearing improvement (Furuhashi crite-
ria/improvement of {≥10 dB in pure-tone average). Mean 
post-treatment improvement regarding pure-tone average 
was 31±30 dB for patients recieving oral corticosteroids, 
34±19 dB for patients in the combined treatment group, 
and 3 dB in patient with primary intratympanic therapy.

Conclusions: The literature is inconsistent regarding the 
dose and the duration of treatment of oral corticoster-
oids and intratympanic dexamethasone in the treatment 
of ISSHL. It is a challenge for the clinician to determine 
the optimal treatment. In our study, early treatments with 
corticosteroids showed a positive effect on hearing im-
provement. Insufficient hearing outcome was related to 
comorbidity. More research on this condition should be 
performed in order to determine what the optimal treat-
ment of ISSHL is.
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Subgroups of Meniere’s patients with different 
pathomorphological and clinical traits as 
identified by temporal bone MR-imaging

Andreas Eckhard, David Bächinger1, Vincent Wettstein1, 
Catrin Brühlmann1, Tim Honegger1, Bernhard 
Schuknecht2, Alexander Huber1, Arianne Monge Naldi1

(1)  University of Zurich and Department of Otorhinolaryngology, 
Head and Neck Surgery, University Hospital Zurich, Zurich, 
Switzerland

(2) Medical Radiological Institute (MRI), Zurich, Switzerland

Background and aim: Among patients with Meniere’s dis-
ease (MD), a large variability exists with regard to the man-
ifestation of clinical symptoms. This “phenotypic hetero-
geneity” is a major reason for the lack of disease-specific 
diagnostic criteria and renders MD a diagnostic challenge. 
The existence of multiple etiopathologies and clinical phe-
notypes in MD was proposed but, to date, has not been 
demonstrated. Here, we aimed to establish new clinical 
imaging-based criteria to distinguish distinct MD patient 
subgroups based on two MD-specific pathologies: degen-
eration or hypoplasticity of the endolymphatic sac (ES).

Material and methods: Retrospective study: 1) Gadolini-
um-enhanced magnetic resonance imaging (Gd-MRI, 3T) 
data of temporal bones from MD patients (n=76) was used 
to determine the angular trajectory (angle) of the vestibu-
lar aqueduct (VA) in the axial plane as a radiographic dis-
tinguishing marker for ES degeneration (<120°) or hypo-
plasticity (>140°); 2) Chart review of clinical features and 
audiological/vestibular work-up of MD patients; 3) Statis-
tical subgroup comparisons for clinical parameters.

Results: Gd-MRI-based measurements identified four 
MD patient subgroups with either uni- or bilateral radio-
graphic signs of either ES-degeneration or ES-hypoplas-
ticity. Analysis of clinical parameters revealed significant 
phenotypic differences between MD patient subgroups.

Conclusions: Four subgroups of MD patients with dis-
tinct pathomorphological and clinical traits were identi-
fied using temporal bone Gd-MRI. Subgroup diagnosis in 
MD will in the future presumably enable a more specif-
ic diagnosis and allow to prognosticate crucial features in 
the course of MD for individual patients.
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Decoding selective auditory attention via EEG 
measurements in an office environment

Stefan Handrick1, Eghart Fischer2, Ulrich Hoppe1

(1) ENT Clinic University Hospital Erlangen
(2) Sivantos GmbH, R&D PWD SIP

EEGs are a common tool to measure hearing parameters 
and they became a widely used method in audiological 
research during the last 80 years. Recently an analyzing 
tool to decode selective attention in EEGs was presented. 
Multichannel EEGs were used to automatically detect the 
listener’s attentional direction on one speaker while hav-
ing another competing speaker [1]. In order to improve 
the method’s clinical applicability, the subject of the cur-
rent study was to reduce the number of electrodes used in 
this experiment and, in addition, to make the experiment’s 
acoustical environment more challenging.

Material and methods: For eight normal hearing adults 
(4 F, 4 M) without otological or neurological history, EEG 
(Cz, C3, C4, T7, T8) were measured while playing two 
speaker speech signals reading a 20-minute German au-
dio book. The two speech signals were presented separate-
ly with two loudspeakers at an angle of +45° and –45° at 
a distance of 1 m from the subject. The EEG signals were 
analyzed in segments of 60 s. For each of the segments the 
attentional direction (speaker no.1 or speaker no.2) was 
estimated in a correlation analysis using the EEG and the 
two speech signals.

Results: In an office environment, the attentional direc-
tion estimation already yields an acceptable result with an 
accuracy of 70–80% using only a few electrodes. Howev-
er, we found a decline in the detection rate for a further 
reduction in the number of electrodes beyond the 5 elec-
trodes used in this experiment. Using sequential analysis 
we achieved a short period prognosis of the attentional 
direction. This assessment of the attention could become 
clinical diagnostic tool. Further studies are being conduct-
ed in order to determine methodological improvements 
that may lead to an increase in recognition rates.

References:
1.  O’Sullivan JA et al. Attentional selection in a cocktail 

party environment can be decoded from single-trial 
EEG. Cerebral Cortex, 2015; 25(7): 1697–706.
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Evaluation of benefit from CI-implanted 
recipient observational study

Marek Zadrożniak

Independent Public Teaching Hospital No 4 in Lublin

The reported data show a wide disparity in clinical expe-
rience, practices, and subsequent outcomes of cochlear 
implant recipients. Real clinical usefulness of that inter-
vention in a real world environment in different groups 

of patients requires further investigation. The objective of 
this work was to obtain patient-related data for implanted 
patients, including true baseline interval data gathered pri-
or to implant or at first activation of the device and subse-
quent longitudinal follow-up at annual intervals.

Each patient was evaluated at baseline to obtain baseline 
responses related to their hearing experiences and percep-
tion of quality of life in their pre-implant hearing condi-
tion. Evaluation tools included standardized subjective 
self-assessment scales: the SSQ (Speech Spatial Qualities 
questionnaire) and HUI Mark III (Health Utility Index) 
and a non-standard general patient profile forms in two 
versions: for the clinician and for the patient. Each patient 
was followed up through routine clinical procedures and 
in parallel asked to complete the post-implant versions of 
the questionnaires at their 1{st, 2{nd, and 3{rd year (op-
tional) follow-up appointment.

Twelve patients who received a cochlear implant in the 
Department of Otolaryngology of the Medical Universi-
ty in Lublin were included in the study. There were 7 fe-
male and 5 males. The average age was 60.8 years. Demo-
graphic and epidemiological data were gathered and will 
be presented. Results obtained through standard clinical 
questionnaires, the SSQ and HUI Mark III, as well as from 
the nonstandard general questionnaires were analysed.
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Hearing aid use in UK adults

Chelsea Sawyer1, Piers Dawes1, Chris Armitage1, Gurjit 
Singh2, Kevin Munro1

(1) University of Manchester
(2) University of Toronto

Background: Only 26% of adults with hearing impairment 
regularly use hearing aids in the UK. The study aimed to 
determine the demographic, psychological, social, and 
health correlates of hearing aid use among hearing im-
paired adults aged 40–69 years old in the UK.

Material and methods: The research was conducted using 
the UK Biobank resource. Hearing impairment was iden-
tified in 18,730 adults aged 40–69 years based on perfor-
mance on the Digit Triplet test of speech recognition in 
noise. Participants completed a computerised question-
naire about demographic characteristics, lifestyle and en-
vironmental factors, medical information, and hearing 
aid use.

Results: Nine percent of adults aged 40–69 years with a 
hearing impairment reported using a hearing aid most of 
the time. The strongest predictors of hearing aid use were 
self-reported hearing difficulties (OR 31.81 (95% CI 21.28, 
47.55)) and difficulties in background noise (OR 4.19 (95% 
CI 3.18, 5.53)). Individuals from a ‘non-white’ ethnicity 
were less likely to use a hearing aid compared to individ-
uals from a white British ethnicity (OR 0.55 (95% CI 0.43, 
0.70)). With each year of age, individuals were 4% more 
likely to use a hearing aid (95% CI 1.03, 1.05). Sex and ed-
ucational level were not associated with hearing aid use. 
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Tinnitus (OR 1.39 (95% CI 1.24, 1.56)) and chronic ill-
ness (OR 1.88 (95% CI 1.65, 2.15)) were associated with 
hearing aid use. But individuals with poorer self-report-
ed health were less likely to use their hearing aid com-
pared to individuals who reported excellent health (OR 
0.71 (95% CI 0.53, 0.94)). Social factors including living 
status and participation in social activities were associated 
with hearing aid use. Individuals who live alone were 0.78 
times less likely to use their aid compared to individuals 
who live with others (95% CI 0.67, 0.91). For each social 
activity participated in, individuals were 8% more likely 
to use their aid (95% CI 1.01, 1.16).

Conclusions: Hearing aid use was associated with psycho-
social and demographic factors including recognition of 
hearing problems, ethnicity, age, social factors, and per-
ceived health. Addressing low hearing aid uptake requires 
understanding of how psychosocial and demographic fac-
tors contribute to hearing aid uptake.

Acknowledgements: This research was funded by Phonak 
and conducted using the UK Biobank Resource.
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Utilization of virtual reality in vestibular 
rehabilitation therapy
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In line with recent technological developments, new im-
plementations are being determined within rehabilitation. 
As per with these new developments, a feeling of existing 
at any environment by creating a 3D dynamic simulation 
based on new software. Thus, the environments in which 
the individuals with balance disorders have problems, can 
be created in 3D by means of the software. In addition, by 
using virtual reality, it becomes possible to compose stim-
ulant fun ambiances so maximum participation and mo-
tivation can be ensured. With the computerized balance 
systems developed in recent years, the proprioceptive, vis-
ual and vestibular components of balance can be quantita-
tively and objectively measured with clinical and practical 
applications. Hence in our study, it is aimed to develop the 
Robotic Balance (RB) further by combining it with Virtu-
al Reality (VR). So, for rehabilitation purposes it will be-
come possible to utilize the simulations which are similar 
to real settings along with the assessment. By providing 
feedback to individuals and with the repetition of regu-
lated interval balance measurements, it will be possible to 
increase the functionality of the VRT. For this purpose, 
RB was developed so it can evaluate the emotional input 
separately and provide quantitative results through simu-
lations and games that are adequate for balance disorders 
and delivering feedbacks. The RB can digitally measure 
the test positions which simulates the postural dynamic 
balance of the individual and create occasions which he 
encounters daily and it can also determine the effective-
ness of the VRT. RB is designed to provide visual stimu-
lus with its components such as dynamic visual surround, 
LED screen, and VR glasses. Thus in a safe environment, 

the individual can easily concentrate on the rehabilita-
tion by using visual, vestibular, and motor stimulus vir-
tually and isolated from the environment in which he is 
present. With the help of the Virtual Reality which can be 
used along with RB, the rehabilitation can be made more 
entertaining, especially for paediatric and geriatric groups 
which may sometimes find it hard to participate, and in 
addition can also obtain digital figures by periodical as-
sessments and do follow-ups for the effectiveness and pro-
gression of the VRT. The findings and results of our stud-
ies in the field of RB and VR shell be demonstrated and 
shared during the congress meeting.
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adapting to a new high-power hearing aid

Piers Dawes1, Greg Nassar2, Adam Walker2, Juilie Neel 
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Background: Because users of high-powered hearing aids 
are highly dependent on their hearing aids and well-used 
to a particular hearing aid, moving to a new hearing aid 
can be challenging. We interviewed users of high-powered 
hearing aids who had recently changed to a new hearing 
aid and asked i) What is HA user’s experience of transi-
tioning to a new device?; ii) Which factors are particular-
ly problematic?; and iii) What factors support transition 
to a new device?

Material and methods: Users of power hearing aids 
(N=22) were fit with a new high-power hearing aid. 17 
completed the study and 5 discontinued the study (3 due 
to not finding the new hearing aid agreeable and 2 with-
drawing from participation for unspecified reasons). After 
2 weeks’ experience with the new hearing aid, participants 
completed a structured interview about their experienc-
es adapting to the new hearing aid and completed a ques-
tionnaire of hearing aid benefit (IOI-HA). Interviews were 
audio recorded, transcribed, and analysed according to 
qualitative content.

Results: The positive themes reported by patients were 
benefits in speech understanding, general benefit, and 
benefit in hearing environmental sounds. Negative themes 
were difficulties with volume control, feedback associat-
ed with the hearing aid, and coupling to the hearing aid.

Discussion: Most participants successfully made the tran-
sition to a new hearing aid. Difficulties with feedback prob-
lems and design features (e.g. volume control) might be 
addressed by i) careful attention to moulds and sound leak-
age, and ii) instruction on hearing aid features that differ 
from the previous hearing aid.
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