Contents

1.1

2.1
22

3.1

32
33
34

4.1
4.2
43

9:l
52
53
5.4
5.5
5.6
L7
5.8
59
5.10

L [ ix
OO s S S s R X
Introduction: On the Treatment of Hearing LOSS . ... ... ..oiiiiiiiiiiiitt e eeeees 1

Jason A. Galster

Best Practice in the Treatment of Hearing Loss. . . 3

Fundamentals of Hearing Aid Acoustics and Hardware . ..............ooiiiiiiiiiiiiiiiin i iiiiieeienaenns 6

Andrew Johnson

The Advancement of Hearing Aid Technology. . . 6 23  Hearing Aid Components ...............c.cu.n. 9

Hearing Aid StVIBS ... e 6

Standards for Assessing Hearing Aid Performance ..............oooiiiiiiiiiiiiiiiiiiiiiiiii e iiaeiaenaeenns 24

David A. Preves

The Need for Standards and the Standards 3.5  Coupler Configurations Used for

Development Process .. sivis ssssvssiss sy 24 Testing Hearing Aids and

Regulatory Applications of Standards.......... 25 TARSAUCEIS sovrigemaimea TR T 22

ANSLand IEC Standards . vsswssmevwsms s 25 3§ JMeedicting Hegnng A soupd Quality with

Electroacoustic Measures ..................... 36

Jest ljiqmp_ment for Asseqing Flectroaconshic 37 CONCIISION e s 38

Hearing Aid Performance .........cocvvevein 31

Hearing Aid Coupling: Theory and Application ............ouiuninininiti i e e eneaaanens 40

James R. Curran, Dennis Van Vliet

INEFOAUCTION «vssussmmvmessmmmressessmsmmas 40 A4 CONCIISION . cusvwsmmmmmmmsseE s 72

Connecting the Hearing Aid to the Ear ......... 40 45 Acknowledgements. ..:.uqsviesivesirisviiiiis 73

The Hearing Aid Transmission Line ............ 58

Hearing Aid Coupling: Techniques and Technologies ................oiiiiiiiiiiiiiiiiiiii i iaeaaens 79

James R. Curran, Dennis Van Vliet

Introduction ...........coiiiiiiiiiiiiiii. 79 5.1 ActiveInfection.............ooooviiiiiiiiian, 83

Preparation and Initial Inspection of the Ear.... 79 5.12 The EarImpression .................ccocoevnn.. 83

Head MITToT:oummm s 80 5.13 Skill Development: Taking the

Headlamp and LOUpe .........vveeeeeeeenn.. 80 EarImpression . uumnmemsmmsamansnnn Sasm 84
514 EarDamsandBlocks.......................... 85

OLOSCOPE: wsisvisssvmsssmmmonsrars b ame i b 81

VITED OOSEOPE. s v s5svasvss s sos suvessintss 4 5.15 Inserting the Impression Material.............. 86

?

BAFLIBRE v veeeereeeeeeeeessesressesesseeenns 81 5716 Open'or Closed: JaW?i: s muuunsmrnsann s 86

The Ear EXamination: . s . wss s ssemsnmins 82 211 Removal atthe Impression.... ssesnmsmmsnnsns 81

BONY EXOSLOSES 5o svanmivann s Svwenainaion 83 AR kg el pression, SEep SR, e s 87
5119 AllergicReACtions! sossememuummmsann s 90

Anticoagulant and Antiplatelet Medication..... 83



vi Contents

5.20
5.21

6.1

7.1
7.2
73

8.1

8.2
8.3
8.4
85
8.6

9.1
9.2
9.3
94

10

10.1
10.2

10.3

10.4

(1]

11.2
11.3

114

Fabrication of the Custom Shell or Earmold .... 90

Future Developments.............coevveunennn. 91

Audio Signal Processing for Hearing Aids
Ayasakanta Rout

151808 [1711 €12, 1 RS 94

EundamientalS;oFRealERr MEBSUTBIBEIIR ...vueomsisssyemmomsmsosieiss s s msss s Ty s T s O o S ST

John Pumford, David Smriga

Real-Ear Measurement TEChNIQUES . .. ... ....iuiiiit ittt ettt e e s s enaenaennenenns

Hearing 'Ald Prescriptive Fitting Methods . oo ars e s e sy

Introduction s sansmampaaasani 114
Methodology for Real-Ear Measurements...... 119
Real-Ear Measurement Terminology and
Measurement Types ........ovvvvieeiennnnnnn. 127
David Smriga, John Pumford

Interpretation of Real-Ear Measurements

When Fitting to Hearing Aid Prescriptions ..... 152
Hearing Aid Prescriptions..................... 152
Limitations of Insertion Gain Measures ........ 155
The Measurement of Aided Output............ 156
Not All Speech Signals Are Alike ............... 157
Real-Ear-Aided Response Targets.............. 158
Erin M. Picou

IMTOUCHON ...« covnmmsmmmamemmmewenmmesmmy 172
Ways Prescriptions'Vary . c.cvossvasviavavins 173
HISIOEN s 8 oo o i st oo v Sisiar 176
Modern Prescriptions..........ccceeveveeianens 180

Outcome Measures in the Prescription of Hearing Aids for Adults

Harvey B. Abrams

Introduction’ s vuwwssvsssmampaaviasaasie 192
Rationale for Hearing Aid Outcomes

Assessment osisumnmsnnianraiam 192
A Conceptual Framework for Hearing Aid
Intervention.............veviiiiiiiinninnn.. 193
The Economics of Outcomes .................. 210

Hearing Aid Selection and Prescription for Children
Ryan W. McCreery

Introduction «sossasmnnassamarnanys 221
Hearing Aid Candidacy for Children ........... 221
Diagnostic Assessment for Hearing Aid

CANAIACY sosisismsosmam s e 224
Special Cases of Hearing Aid Candidacy ........ 225

522 Conclusion and Summary.....................

5.23 Acknowledgements..............euiuiuiinn.n

6.2  Future Directions in Hearing Aid Signal

PROCESSITIO o orasvsssmisamimsisi e IS e
7.4  Assessment of Hearing Aid Signal Processing

Featurés:and Form Factors ..o ensaavaniis
75 U ARy s e e s
7.6 Acknowledgments .............c..oiiiiiiiin.n
8.7  General Fitting Protocols Associated

with ‘Speechmap’ Verification .................
8.8  Hearing Aid Function

L 1 0 T
8.9 NoiseReduction:: i :ussmnvisassmnassg
810 delecoill MeaSUTEMENE . v mmssmasmmssssissmsm
BT SUMMALY :ocsmmsaisiminmn st S i e %
0.5 (CaseStHAIBS. . vumrmmmmmnmmamsm s
9.6  The Methods of Prescriptive Fitting............
9.7 SUMMIALY: . ot linissnad ikt s st

10.5 Counseling Patients on the Outcomes

(€ 6 | -
10.6 Outcomes and Evidence-Based

Practice iosvvmmnnvimmsnanvmiminnaeg
10.7 ConcluSion .......oouvuiiuneniiiiiieinenannns
10.8 Acknowledgements ...quvssvnivinensseneni

11.5 Prescription of Amplification for Children......
11.6 Essential Hearing Aid Features.................
11.7 Selection of Advanced Hearing Aid Features. ...
118 ‘Conclusions vz urrmnunsirramns

119 SUMMATY vt eeeees



Contents Vii

121
12.2
123
124
125

13.1
13.2
1353
13.4
135
13.6

14.1
14.2
143

144
145
146

151
152

15.4
15.5

16.1
16.2

16.3
16.4
16.5

Cochlear IMPlAntS I AAUIES ... v v s s s S S S S R e s

Sarah A. Sydlowski

COEIIEEE M DISAEET I .. o000 00 085 T A R S A A e R R R R MR R RS

Bone Condietion HeaNTHGISONTEIOIIST. oo i osmiscsmmisressts s ssssim o e AR 053 a0 1 s RS MO S Gk

Héarlng Assistive and REISE TECWNOIOGY <o oovmmmmmmmssmmsmsin s smis eis s R s s e s

Hearing Protectlon Devlces: i s e e e T i R e s

IETOAUCHION oosonsmsmsmemmssmmamm s e 243
Cochlear Implant Design .......cioivmveuanins 244
Implant Process : uisisvnviavsissnanss 248
Special Factors. .. ..vvvvvei et 254
Cochlear Implant Outcomes................... 259
Sarah A. Sydlowski

INEFOAUCEION ;:vnupmmpmnnigmursnnsies 267
History of Cochlear Implants in Children....... 267
Cultural Issues of Cochlear Implantation ........ 268
Candidacy Considerations..................... 268
Medical and Surgical Considerations........... 273
Complications and Failures.................... 278
William Hodgetts

IRETOAUCHON :uvvvwmmvmnnnimsvansmes 289
Case Vignette. .......ovvuirneiuennnananenannns 289
Increases in Bone-Conduction Hearing

SOITEIONSE - cammsms s o Em S R 290
Explosion of Technologies..................... 290
Bone-Conduction Candidacy .................. 291
Bone-Conduction Approaches................. 291
Samuel R. Atcherson

INELOAUCHION: oo irsiisumismnssms i it 298
Establishing the Need for Hearing

Assistive and Related Technology .............. 298
Target Populations and Groups Who

May Benefit from Hearing Assistive and

Related Technology ...........covvieniininnnn 299
Assistive Listening Devices .......vi cavevveiiviis 301
Telecommunication Technology ............... 307
Brian J. Fligor

IETOAUCHION! oosensmsmsmemmssmmamms s e 316
Types of Hearing Protection Devices,

Attenuation Characteristics ................... 317
Attenuation Characteristics ................... 318
Limitations of Standard HPDS ................. 320
CUSEOTZFIEHPDS oo smssmmsmmam s 322

12.6

12.7
12.8

13;7
13.8
13.9
13.10
13.11
13.12

14.7
14.8
14.9
14.10
14.11
14.12

15.6
15.7
15.8
15.9
15.10

15.11

16.6
16.7
16.8

16.9
16.10

243
Device Failure and Postoperative
Complications. ..........ovuiiniininiiiennnnn. 262
Future DIFeCHionS: v comsnmsmmnmminesmasisma 262
Conelusions ;v v srnvnnasvmrvaniaweiy 263
267
Cochlear Implant Design ...................... 279
Programming Pediatric Cochlear Implants ..... 279
Performance/Expected Outcomes.............. 280
Habilitation :svvesssimmmera i 283
Quality of Life and Cost-Effectiveness .......... 284
Conclusions and Future Directions............. 284
289
Output Considerations. ;:.c.vnevspmaaaniassy 293
Other Considerations ..................veunn. 293
Understanding your Own Environment 293
Outcome Measures in Bone Conduction 294
Case Vignette. . ......cuvunvunrnennennnnennnnns 294
CONAUSTON s s s mmms R SO 295
298
Speech-to-Text Technology.................... 309
Alerting Technology ..........coovvvniinennnn.. 310
Devices for Health Professionals ............... 310
Mobile Applications .............ccoeuvunennnn. 311
Incorporating Hearing Assistive and Related
Technology into Clinical Practice 312
SUMMATY < oo wssmmnim i s 313
316
Passive Acoustically Tuned HPDs .............. 323
Active Electionic HPDS: . vvvvsusmmnmmsias 324
Active HPD for Communication-Critical
ApPPHCationS v s 324
Hearables: An Old, and New, Use for Ears ...... 325
Assessment Techniques .........ccceveeinnnnss 325



viii Contents

16.11
16.12

17

17.1
17.2
173

Real-Ear Attenuation at Threshold Method..... 325 16.13 Acoustical Test Fixture Method ................ 326
Microphone in Real-Ear Method............... 326 16.14 SUMMAIY ..ovninii e eaeeeaaenns 326
Hhnitusand SoundSenstEIVILY . . ... ..o cisivssiiseiss oo s s st e oo i el e b eia mheis 328
Christopher Spankovich

INtFOAUCTION. .« vovissismmmimmssammsrmmmsnim s 328 174 Lifestyle Management of Tinnitus ............. 347
Types o TINNItUS -« uwean i dssisams 829¢ A7S SUMMALY - iwwvimsei v s s s 355
Neuroscience of Tinnitus (Limited to

Neurophysiological Tinnitus).................. 330

INHEIG . s s e s s e S e e e e e SR R R R e i e 362



1 Introduction: On the Treatment of

Hearing Loss

Jason A. Galster

The World Health Organization (WHO) estimates
that more than 5% of the global population, 360 mil-
lion people, suffer from disabling hearing loss, mak-
ing hearing loss one of our greatest societal disease
burdens.! In the United States alone, nearly 75% of
people aged 70 and older have high-frequency hear-
ing loss of at least moderate severity.>* Over the next
three decades, it is expected that the number of indi-
viduals in the United States between the ages of 65
and 84 years will double, while those over the age of
85 years will triple.* Given the fact that the handi-
capping nature of hearing loss increases with sever-
ity, and severity of hearing loss increases with age,
the demand for hearing care services is expected to
increase precipitously. Estimates for this demand on
hearing care are not available, however, the demand
for physician services has been cited as increasing by
60% over the same period of time.’

The societal effects of hearing loss have caught the
attention of government and professional organiza-
tions. In 2017, three reports, one from the WHO and
two from the United States’ National Academies of Sci-
ences Engineering and Medicine (NAS) summarized
the costs of unaddressed hearing loss and cost-effective-
ness of interventions® and hearing health care for adults,
priorities for improving access and affordability’ and
the promise of assistive technology to enhance activity
and work participation.® The WHO’s findings indicate
that annually, the global cost of untreated hearing loss
falls between $750 and $790 billion USD. This extreme
financial burden attempts to capture three dimen-
sions of cost: (1) direct cost: those incurred by health
care and educational systems; (2) indirect cost: those
incurred as a result of lost productivity or inability
to contribute; and (3) intangible/societal costs: those
motivated by stigma-induced behavior, withdrawal
from social activity or grief.

Ina 2017 report, the WHO presented a compel-
ling case for the treatment of hearing loss in their
financial-minded analysis of the cost of unaddressed
hearing loss.

1. The cost of unaddressed hearing loss is estimated
at $750 to $790 billion USD, annually.

2. Unemployment and premature retirement,
resulting from untreated hearing loss, cost $105
billion USD annually.

3. The annual cost of childhood hearing loss is
estimated between 24 and 47 billion USD, with a
dependency on a country’s GDP and the inclusion
of cochlear implantation.

These staggering statistics have motivated action
on the part of the WHO. During the 17th World
Health Assembly, a resolution was issued that will
urge governments to do the following:

« Integrate strategies for hearing care within
primary health care systems.

« Establish training programs for ear and
hearing health.

« Improve access to affordable, cost-effective,
high-quality, assistive hearing products.

« Ensure universal access to hearing loss prev
ention and hearing care.

The 2017 NAS consensus report The Promise of Assis-
tive Technology to Enhance Activity and Work Partici-
pation was prepared with a scope that included and
extended to treatment of disabilities beyond hear-
ing loss. The committee preparing this report noted
that assistive products and technologies may reduce
handicapping effects and increase an individual's
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contribution to society. Nine barriers to treatment
and benefit were identified in the report; five of
which are included below, in the original language.
Each of these conclusions present considerations that
are addressed in this text book. For the reader new
to hearing care and the treatment of hearing loss,
these will read as insights that should be the prime
interest in reading the chapters of this text book. The
reader experienced in the treatment of hearing loss
may be surprised that these statements, written in
the context of treatment of many different disabili-
ties, resonate strongly as value statements for the
rehabilitative services provided by the audiologist.

1. Assistive products and technologies hold
promise for partially or completely mitigating
the impacts of impairments and enhancing
work participation when appropriate
products and technologies are available, when
they are properly prescribed and fitted, when
the user receives proper training in their use
and appropriate follow-up, and when societal
and environmental barriers are limited.

2. When matching individuals with appropriate
assistive products and technologies, it is
important to understand the complexity of
factors that must be optimized to enhance
function. Selecting, designing, or modifying
the correct device for an individual and
providing training in its use, as well as
appropriate follow-up, are complex but
necessary elements for maximizing function
among users of assistive products and
technologies.

3. Education regarding the availability of
assistive products and technologies and
knowledge and training that empower
users to self-advocate or have a significant
other (e.g., family member, friend, or
professional) advocate for them are
important elements in achieving successful
access to appropriate assistive products and
technologies and related services.

4. Professionals involved in disability
determinations cannot assume that because
an individual uses an assistive product or
technology, this device is always effective for
that person, that it mitigates the impact of the
person’s impairment, or that it enables the
person to work. Environmental, societal, and
individual factors must also be considered.

5. Additional research is needed to understand
how the specifications for and use of assistive
technologies and products and related
services impact inclusion in society and work

participation for individuals with disabilities.
Such research may not only enhance
knowledge in these areas, but also inform the
development of rational resource utilization,
including informing cost/benefit analyses
and coverage for devices and related services.

Narrowing the focus to treatment of hearing
loss, two organizations work to aggregate data on
the treatment of hearing loss with hearing aids. The
first of these is the United States’ Hearing Industries
Association (HIA); membership of the HIA consists
of corporations that provide products and services
for the treatment of hearing loss. The HIA, in part-
nership with the Better Hearing Institute, developed
a periodic MarkeTrak report that documents con-
sumers’ (i.e., patients’) experience with hearing aids
in the United States. The second and similar group,
the European Hearing Instruments Manufacturers
Association (EHIMA), sponsors ongoing market
research to understand the impact of treating hear-
ing loss throughout the European Union and other
parts of the world, not including the United States.
Both the HIA and EHIMA hold interest in increasing
public awareness of hearing loss and ensuring high
standards of hearing care. Similar to the MarkeTrak
report, EHIMA sponsors a periodic EuroTrak report.

»Fig. 1.1° combines data from MarkeTrak and
EuroTrak. Shown as yellow bars are estimates for
the prevalence of self-reported hearing loss across
EHIMA-tracked countries. Red bars show the pro-
portion of a country’s total population that suffer
from hearing difficulty and the yellow bars show
the proportion of people, with hearing difficulty
who have pursued hearing aids (also described as
hearing aid uptake). At 14.1%, Japan reports the low-
est uptake of hearing aids with Norway, at 42.5%,
reporting the highest. Of the countries assessed,
the United States ranks third with uptake of 30.2%.
The factors that contribute to hearing aid uptake
are complex, including social and societal contribu-
tors, as well as the nature of a country’s distribution
channel, service providers, and health care policies.

When considering the uptake of hearing aids,
it would be natural to assume that countries with
state organized health care, providing free hearing
aids, would have greater rates of hearing aid uptake.
While countries with free market health care, in
which patients pay for hearing aids, may have com-
paratively lower rates of hearing aid uptake. Based on
data provided in 2016, it’s clear that the United King-
dom (state organized health care) ranks higher at
41.1%, when compared to the United States at 30.2%.

Conclusions can be drawn across health care sys-
tems and countries. Firstly, patient outcomes and
satisfaction are improving over time. This trend
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42.5%

41.1%

Japan Italy France

m Self-reported HD (% of population)

Germany

= HA adoption (% of population)

Switzerland UK USA MT9

(online-2014)*

Norway

# HA adoption (% of those with HD)

Fig. 1.1 Data from EuroTrak and MarkeTrak 9 reports are shown for countries around the world. Blue bars show estimated
proportion of the population that self-reports hearing difficulty (HD). Red bars show estimated proportion of the population
that reports hearing aid ownership. Yellow bars show estimated proportion of the population with hearing difficulty who have

pursued hearing aids.

68.9%
63.2% 63.8% 67:3%

62.1% 65:1%

60.1%
53.7% 57.0%

0.0%

On the telephone

Conversation in large groups

w EuroTrak 2009

In a larger lecture hall (e.g.,
theater, concert hall, place of

= EuroTrak 2012

In noisy situations
workship, etc.)

= EuroTrak 2015

Fig. 1.2 Data from EuroTrak 2009, 2012, and 2015 are shown for four challenging listening conditions. Hearing aid wearers
report a small but consistent improvement in satisfaction over time for all assessed conditions: large groups, telephone, lecture

hall, and noisy situations.

is observed in both the MarkeTrak and EuroTrak,
across a variety of questions intended to probe dif-
ferent domains of interest. » Fig. 1.2 shows data from
EuroTrak 2009, 2012, and 2015, in which 4,133 hear-
ing aid users rated their satisfaction when listening
with hearing aids in large groups, telephone, lecture
hall, and generally noisy situations. Small but con-
sistent improvements are observed in each category
over time. Because many hearing aid technologies
are designed to positively affect listening in these
and similar listening conditions, these findings stand

as testimony for the forward advancement of tech-
nological solutions for treating hearing loss.

1.1 Best Practice in the Treatment
of Hearing Loss

No single treatment plan will accommodate the
needs of every patient, for this reason, the informa-
tion presented here should be viewed as guidance
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and not a literal recipe to be explicitly followed.
This is reflected in most best practice documenta-
tion that are presented as guidelines and written in
a manner that arms the clinician with the informa-
tion necessary to support evidence-based decision
making. Two examples of guidance documents, pro-
vided by the American Academy of Audiology are
named below. Both of these documents can be freely
accessed at http://www.audiology.org

1. Guidelines for the Audiologic Management of
Adult Hearing Impairment

2. American Academy of Audiology Clinical
Practice Guidelines: Pediatric Amplification

This text book introduces the reader to fundamentals
in the treatment of hearing loss, while describing the
best practices that should be considered when struc-
turing a rehabilitative treatment plan. A series of
general components are common to most treatment
plans. By minimally accommodating these compo-
nents, a logical progression of care is assembled that
can be applied to most of the treatment, whether it
is hearing aids, cochlear implants, or a bone conduc-
tion solution. »Fig. 1.3 shows a series of thematic
components that are common to most plans for the
treatment of hearing loss.

Every treatment plan begins with the assessment
of patient needs, which includes but is not limited
to diagnosis of hearing loss and characterization of
hearing ability, measurement of speech understand-
ing ability, and collection of pretreatment subjective
reports that describe a patient’s perception of their
own function or expectations from the treatment.

Next, in the case of technological treatment, veri-
fication and validation of that treatment is included.
Verification describes a type of measurement that
objectively documents the manner in which a treat-
ment compensates for the diagnosed hearing loss;
Chapters 7 and 8 provide a detailed information on
the verification of hearing aids. Following verification,
behavioral validation of effectiveness provides evi-
dence that the treatment is beneficial and addresses
activity limitations that may be of concern.

Post-treatment patient reports are the most com-
mon method of outcomes assessment. A clinician’s
choice of outcome measure is often discretionary and
may be motivated by a multitude of factors that are dis-
cussed in Chapter 10.

Finally, the treatment plan should include ele-
ments of auditory rehabilitative care and/or ther-
apy. Rehabilitative care often involves one-to-one
or group counseling sessions, in which participants
focus on the pragmatics of managing their hearing
loss. It is also common practice to prescribe regi-
mented auditory training, which often takes the

Needs assessment

Assessment of disability

Verification and validation of treatment

Outcomes assessment

Auditory rehabilitation and therapy

Fig. 1.3 Five steps, central to a best practice workflow in
the treatment of hearing loss are shown. These provide a
high-level framework, within which more detailed protocols
and treatment strategies may be developed.

form of a game-like task of speech understanding in
noise that patients complete in an effort to improve
their listening ability.

These fundamental steps offer a clear framework
around which an individualized treatment plan can be
constructed. Options for that treatment are presented
throughout this textbook, ranging from technologi-
cal solutions (i.e., hearing aids or cochlear implants)
to rehabilitative tools and strategies that facilitate the
success of a technology-based treatment.
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