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ABSTRACT

The primary aim of this research was to evaluate the validity,
efficacy, and generalization of principles underlying a sound therapy—
based treatment for promoting expansion of the auditory dynamic range
(DR) for loudness. The basic sound therapy principles, originally
devised for treatment of hyperacusis among patients with tinnitus,
were evaluated in this study in a target sample of unsuccessfully fit and/
or problematic prospective hearing aid users with diminished DRs
(owing to their elevated audiometric thresholds and reduced sound
tolerance). Secondary aims included: (1) delineation of the treatment
contributions from the counseling and sound therapy components to the
full-treatment protocol and, in turn, the isolated treatment effects from
each of these individual components to intervention success; and (2)
characterization of the respective dynamics for full, partial, and control
treatments. Thirty-six participants with bilateral sensorineural hearing
losses and reduced DRs, which affected their actual or perceived ability
to use hearing aids, were enrolled in and completed a placebo-controlled
(for sound therapy) randomized clinical trial. The 2 x 2 factorial trial
design was implemented with or without various assignments of
counseling and sound therapy. Specifically, participants were assigned
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randomly to one of four treatment groups (nine participants per group),
including: (1) group 1—full treatment achieved with scripted counsel-
ing plus sound therapy implemented with binaural sound generators;
(2) group 2—partial treatment achieved with counseling and placebo
sound generators (PSGs); (3) group 3—partial treatment achieved with
binaural sound generators alone; and (4) group 4—a neutral control
treatment implemented with the PSGs alone. Repeated measurements
of categorical loudness judgments served as the primary outcome
measure. The full-treatment categorical-loudness judgments for
group 1, measured at treatment termination, were significantly greater
than the corresponding pretreatment judgments measured at baseline at
500, 2,000, and 4,000 Hz. Moreover, increases in their “uncomfortably
loud” judgments (~12 dB over the range from 500 to 4,000 Hz) were
superior to those measured for either of the partial-treatment groups
2 and 3 or for control group 4. Efficacy, assessed by treatment-related
criterion increases > 10 dB for judgments of uncomfortable loudness,
was superior for full treatment (82% efficacy) compared with that for
either of the partial treatments (25% and 40% for counseling combined
with the placebo sound therapy and sound therapy alone, respectively) or
for the control treatment (50%). The majority of the group 1 participants
achieved their criterion improvements within 3 months of beginning
treatment. The treatment effect from sound therapy was much greater
than that for counseling, which was statistically indistinguishable in most
of our analyses from the control treatment. The basic principles
underlying the full-treatment protocol are valid and have general
applicability for expanding the DR among individuals with sensorineural
hearing losses, who may often report aided loudness problems. The
positive full-treatment effects were superior to those achieved for either
counseling or sound therapy in virtual or actual isolation, respectively;
however, the delivery of both components in the full-treatment approach
was essential for an optimum treatment outcome.

KEYWORDS: Sound tolerance, loudness discomfort level,
hyperacusis, sound therapy

Learning Outcomes: As a result of this activity, the participant will be able to (1) describe a method for
creating a placebo sound therapy condition and (2) describe the efficacy of sound therapy and counseling as
compared to sound therapy alone, counseling alone, or no treatment.

We report here the findings from a small-
scale, randomized, placebo-controlled trial to
assess the validity, efficacy, and generality of
principles underlying intervention to expand
the auditory dynamic range (DR) for loudness
among persons with sensorineural hearing
losses. The basic treatment principles, described
originally by Hazell and Sheldrake in 1992,
were designed for treatment of debilitating
tinnitus and associated hyperacusis. Their treat-

ment protocol, which combined low-level
sound therapy with counseling (that encour-
aged healthy environmental sound exposure),
was later incorporated together with Jastreboff’s
neurophysiological model of tinnitus.>® The
resulting treatment model and protocol is pop-
ularly known today as “tinnitus retraining ther-
apy” (TRT).* TRT has been used with
considerable success globally to treat tinnitus
for the past two decades. Over this period, the
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TRT protocol has been modified to categorize
and manage patients with tinnitus differentially
based upon the individual patient’s hearing
status, tinnitus, and sound tolerance com-
plaints.4 Consequently, protocols now exist
within TRT for managing sound tolerance
complaints, including hyperacusis, misophonia,
and phonophobia, usually in association with
tinnitus.*®

In this project, the basic principles of the
sound therapy intervention, described by
Hazell and Sheldrake, ! were evaluated in a
target group of hearing-impaired persons, who
were not primarily bothered by tinnitus but
were restricted in the use of amplified sound
from hearing aids because of their reduced
DRs for loudness. Their reduced DRs reflected
their elevated audiometric thresholds and, on
average, lower-than-normal loudness discom-
fort levels (LDLs). Our target study group was
mostly individuals who would not routinely be
seen in a specialty tinnitus and hyperacusis
clinic for their sound tolerance conditions.
However, their conditions adversely affected
their perceived or expected benefit for aided
sound. Consequently, they often reported hav-
ing tried but rejected hearing aid use; assumed
they could not tolerate amplified sound and,
therefore, never tried hearing aids; or at-
tempted to use amplification, but described
using it ineffectually. For these individuals to
have been fitted successfully with hearing aids,
they typically would have required larger
amounts of compression, inordinate decreases
in maximum output level, or diminished pre-
scriptive target gains to manage their sound
intolerance for amplified sound. The resulting
adverse effects of these remedies would vari-
ously have manifested as reduced and subopti-
mal DRs, diminished hearing aid saturation
levels (which together with compression ef-
fects would give rise to enhanced signal dis-
tortion), and inadequate amplification levels
set to avoid overstimulation.’ Overamplifica-
tion, as perceived by the individual with sound
tolerance problems, to achieve aided prescrip-
tive target gain levels also may have contribut-
ed to hearing aid rejection. Each of these
problems alone, or in combination, would
confound an otherwise successful hearing aid
fitting strategy.

Preliminary to describing our study of this
target group, we consider the historical back-
ground for conducting this investigation, be-
ginning with early efforts to improve sound
tolerance and promote DR expansion among
persons with hearing loss by presenting repeat-
ed exposures to brief high-intensity sounds.®’
We then consider Hazell and Sheldrake’s low-
level sound therapy approach and its evolution
as a primary treatment for hyperacusis and
decreased sound tolerance.* This background
sets the stage for the motivation, purpose, and
aims of our research.

BACKGROUND

Sound Tolerance Training

The idea of modifying sound tolerance among
hearing-impaired persons to expand their DRs
and, concomitantly, to enhance hearing aid use
and benefit is a long-standing challenge in
audiology.10 Despite research on this vexing
clinical problem for more than half a century, no
treatment has proven to be consistently success-
ful for modifying sound tolerance.!7™% The
primary treatment approach heretofore for ex-
panding the auditory DR comes out of military
research and related efforts during World War
II. Silverman’s early studies of sound tolerance
training at the Central Institute for the Deaf are
the most extensive and relevant, and the re-
search includes results for normal and hearing-
impaired listeners for a range of pure tone and
speech stimuli.’ The approach was based on the
idea that a listener’s tolerance to high-level
sounds might be enhanced by brief toughening
training exposures to intense sound presented
just below the hearing-impaired listener’s LDL.
Silverman reported ~10-dB increases in LDLs
for both normal and hearing-impaired listeners
following brief (several minutes) weekly expo-
sures to high-level pure tones and speech over a
6-week training period.9 Most of the incremen-
tal LDL shifts reported by Silverman were
achieved between the first and second or third
training sessions. Although there was early
enthusiasm for Silverman’s sound tolerance
training strategy,® the general consensus today
is that this approach is not beneficial. 11713 Tt
remains unclear whether the resulting
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incremental LDL shifts from sound tolerance
training are real or simply a practice effect.!?
Notwithstanding clarification of this issue,
sound tolerance training with high-level sounds
may be an uncomfortable, if not a painful,
protocol that is not practiced clinically today.

Hazell and Sheldrake’s Sound Therapy
Treatment
In marked contrast to the brief high-level sound
exposures used by Silverman for sound tolerance
training in normal-hearing and hearing-
impaired adults,” Hazell and Sheldrake’s inno-
vative sound therapy strategy evolved from
efforts to manage hyperacusis among their
patients with tinnitus.! For the sake of economy,
and in the absence of a consensus definition, we
will define Ayperacusis as a general intolerance to
the loudness of sounds that would not typically
be bothersome for most individuals.'* Audio-
logically, hyperacusis manifests as an abnormal
reduction in the LDLs, usually below ~90-dB
hearing level (HL) binaurally, across frequen-
cies. Hyperacusis may occur with or without
hearing loss or associated tinnitus but is rou-
tinely accompanied by subjective reports of
sound intolerance. Pain and/or distress may or
may not accompany these subjective complaints
of reduced sound tolerance.'>®

Hazell and Sheldrake’s novel sound thera-
py protocol for treating patients with tinnitus
and primary hyperacusis was implemented with
continuous 6-hour exposures, daily, to low-
level, high-frequency emphasis broadband
noise.! The noise was produced by behind-
the-ear noise maskers fitted with open-canal
earmolds. Their sound therapy protocol called
for the initial presentation of the noise to be
“just audible above the threshold.” Subsequent-
ly, their patients were instructed to increase
gradually, day by day, the volume settings until
a point was reached at which the majority of
troubling environmental sounds was tolerated
without difficulty. The counseling component
of their protocol encouraged their patients “to
stop the avoidance of sound in their environ-
ment, except when this presented an ordinary
risk of damage to the ear.” They also advised
their patients not to use sound-attenuating
hearing protection during normal daily activi-

ties; Hazell and Sheldrake noted that because of
the debilitating hyperacusis conditions, hearing
protection was in use by 23 of their 30 patients
prior to the start of treatment. Hazell and
Sheldrake presented only a limited description
of counseling in their brief conference proceed-
ings report." Sheldrake (personal communica-
tion, 2013) indicates counseling was, in fact, an
important component of their protocol across
three in-clinic treatment sessions. These ses-
sions covered guidance in the theory and appli-
cation of the desensitizing sound therapy for
treatment of hyperacusis, and instruction in the
use of the low-level noise maskers for this
purpose. Their hyperacusis counseling strategy
effectively mirrored that outlined by Sheldrake
and colleagues for tinnitus management.17
Hazell and Sheldrake described a remark-
able treatment outcome for their hyperacusis
group, namely, sizable and statistically signifi-
cant improvements in LDL judgments across
audiometric frequency (excluding 8,000 Hz).!
These positive treatment effects typically re-
flected expanded DRs, on the order of 8 to
10 dB, which often corresponded to symptom-
atic improvements in their patients’” hyperacusis
conditions. Hazell and Sheldrake described
good results as being achieved by 10% of the
hyperacusis group within 1 month, 53% within
2 months, and 73% within 6 months of begin-
ning treatment. Their other patients either
required longer than 6 months for benefit or,
in the case of 10% of the group, were not helped
by the intervention. Hazell and Sheldrake noted
that those patients who benefited from treat-
ment typically sustained their benefits without
further use of the noise maskers posttreatment.

Evolution of Hazell and Sheldrake’s
Sound Therapy Principles for
Treatment of Hyperacusis and
Diminished Sound Tolerance

Subsequent to Hazell and Sheldrake’s obscure
but seminal proceedings report," Jastreboff and
Hazell incorporated sound therapy within a
treatment protocol for tinnitus, which in due
course was to become known popularly as
TRT.>* Their TRT protocol has evolved over
time to include sound therapy and an expanded
counseling protocol in a separate and distinct
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treatment approach for hyperacusis (ie.,
TRT-H). Today, one can find several TRT
outcome studies (mostly published in tinnitus
conferences proceedings'®2°) that support
Hazell and Sheldrake’s early use of low-level
sound therapy as a treatment for hyperacusis. A
summary of these treatment effects (i.e., treat-
ment-induced incremental LDL shifts) in
the TRT literature reveals appreciably larger
(~20-dB) treatment-related LDL shifts for
more severely impaired hyperacusis patients
compared to the smaller treatment effects re-
ported by Hazell and Sheldrake.™*! Moreover,
sizable but less pronounced secondary treat-
ment effects (i.e., secondary to the primary
treatment effects on tinnitus) have been re-
ported for patients with tinnitus treated by
TRT.?? These positive secondary treatment
effects appear to be largely independent of
hearing loss for patients with tinnitus who
were able to use noise (or sound) generators
for their sound therapy (as long as the audio-
metric ceiling was not a confounding factor in
the measurement range of the LDL values). We
also now know that the use of sound generators
like the kind worn for TRT sound therapy can
affect the elevation of LDLs in normal listeners
after 2 to 4 weeks of chronic use without any
associated counseling.zz’23 The resulting treat-
ment effects reflect average increases in the DR
by 6 to 8 dB, which is slightly smaller than that
reported by Hazell and Sheldrake in their
treatment of hyperacusis with counseling and
daily low-level noise exposure.’

Purpose and Aims of This Study

A growing body of evidence suggests that
applications of Hazell and Sheldrake’s sound
therapy and counseling principles may benefit a
broad group of hearing-impaired individuals,
not just those with debilitating tinnitus and/or
primary hyperacusis." Of particular interest in
this study is the application of those principles
to unsuccessful hearing aid users, who were
difficult to fit because of their reduced DRs
(resulting from some combination of lower-
than-normal LDLs and elevated audiometric
thresholds). To the extent that Hazell and
Sheldrake’s counseling and sound therapy prin-
ciples may be applicable and beneficial for a

relatively typical and generic hearing-impaired
patient group with mild sound tolerance prob-
lems, and there is no reason a priori to believe
otherwise, we would predict successful expan-
sion of their DRs, improved sound tolerance
and comfort for amplified sounds, and, ulti-
mately, enhanced hearing aid benefit and satis-
faction following completion of a successful
treatment. That is, the successful treatment
would achieve the overarching objectives that
Davis et al, early on, had hoped to achieve with
high-level sound tolerance training.8 Accord-
ingly, the primary purpose of this study was to
evaluate the validity and efficacy of Hazell and
Sheldrake’s intervention principles and their
generalized applicability (i.e., generality) to a
relatively traditional sample of individuals with
sensorineural hearing impairments whose hear-
ing aid benefit or perceived potential to use
hearing aids was limited by their reduced DRs
and tolerance for amplified sound.

Of secondary interest in this study was the
delineation of the treatment contributions from
the counseling and sound therapy components
in the full-intervention protocol and the respec-
tive treatment dynamics. Counseling represents
a significant treatment component in the current
TRT-H protocol.4 Refinements in the counsel-
ing protocol, with the inclusion of Jastreboff’s
neurophysiological model, may explain the cor-
respondingly larger incremental LDL shifts
obtained by TRT clinicians in relation to those
reported by Hazell and Sheldrake.?*** If so,
then the counseling principles incorporated in
the TRT-H protocol afford a value-added or
synergistic contribution when combined with
sound therapy and, together, these combined
effects are predicted to be greater than those
from either sound therapy or counseling alone.
Thus, we devised a factorial trial design to
control for the treatment effects from counseling
separately from those achieved with sound
therapy, while also allowing for a comparison
of each of these partial treatments with reference
to the full-treatment protocol implemented
with counseling and sound therapy together.
These comparisons were achieved with the use
of a double-blind placebo control for the sound
therapy component and a no-counseling con-
trol, which in combination, also offered a neu-
tral (control) treatment condition for this study.
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To summarize, the comprehensive trial
design allowed us to address the following
aims in a randomized controlled investigational
study:

1. To evaluate the validity, efficacy, and gener-
ality of the counseling and sound therapy
principles proposed by Hazell and Sheldrake
in a targeted sample of hearing-impaired
persons, who were not troubled by tinnitus
nor debilitating hyperacusis but were affect-
ed by diminished DRs that impacted their
tolerance for moderately loud and/or ampli-
fied sounds.! Their restricted DRs deterred
them from considering amplification or from
using hearing aids optimally and/or success-
fully prior to treatment.

2. To delineate the contributions of the
counseling and the sound therapy compo-
nents in the treatment protocol by comparing
the treatment effects achieved with partial
treatment protocols (i.e., counseling com-
bined with placebo sound therapy or sound
therapy without counseling) relative to cor-
responding effects from the full-treatment
protocol (i.e., counseling combined with
sound therapy) or the control protocol (i.c.,
placebo sound therapy without counseling).

3. To characterize the temporal courses and dy-
namics of the resulting treatment effects for the
full, partial, and control treatment protocols.

METHODS

Subjects
Ten adults with normal hearing sensitivity
provided normative results over a period of
almost 1 year to assess learning effects associat-
ed with repeated collection of the primary and
secondary outcome measures. The normal-
hearing volunteers included 8 females (ages 39
to 73 years, with a mean age of 56 years) and
2 males (ages 54 and 60 years, with a mean age of
57 years). These volunteers were recruited lo-
cally at the University of Maryland, Baltimore
(UMB) under a protocol approved by the insti-
tutional Investigational Review Board (IRB).
All volunteers provided informed consent.

A total of 32 hearing-impaired adults from
the UMB and 4 adults from the University of

Alabama (UA) consented, enrolled and, ulti-
mately, completed their assigned treatments in
the randomized control trial. The trial protocol
and informed consent materials were reviewed
and approved by IRBs at UMB and UA. The
age range for the 32 participants who completed
the trial at UMB was 37 to 84 years, with a
mean age of 67.8 years. The participants in-
cluded 12 women and 20 men in the UMB
sample. Four female participants, whose ages
ranged from 58 to 79 years, completed the trial
at UA. Their mean age was 70.5 years. Most
participants, when questioned, were unable to
ascribe an onset to their perceived problem or
even verbalize the nature of their condition
other than to state that they had an ill-defined
sound tolerance problem that either confound-
ed or might confound the benefit of hearing aid
use.

Recruitment and Eligibility Criteria of
Hearing-Impaired Participants for the
Trial

Adults with bilateral hearing loss and com-
plaints of reduced sound tolerance, unrelated to
primary misophonia (i.e., dislike of or annoy-
ance to specific sounds) or phonophobia (i.e.,
fear of exposure to specific sounds),* were
recruited for this study at UMB from a clinical
database and via newspaper advertisements.
Recruitment at UA was by known clinical
history and direct participant contact. Candi-
date participants at UMB were initially
screened for eligibility by telephone. Prospec-
tive candidates who reported unilateral hearing
loss only, current use of hearing aids, or a
history of otologic surgery were ineligible for
the study. Furthermore, anyone who reported
tinnitus as his or her primary problem was
excluded.

Prospective candidates who confirmed
hearing loss in both ears, noted some degree
of problem in tolerating moderately loud
sounds, and denied current hearing aid use
were invited to schedule an eligibility appoint-
ment. During the eligibility appointment, ear-
specific audiometric thresholds (250, 500,
1,000, 2,000, 3,000, 4,000, 6,000, and 8,000
Hz) and LDL judgments for pure tones (500,
1,000, 2,000, and 4,000 Hz) were measured
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under earphones (ER-3A) (Etymotic Research,
Inc., Elk Grove Village, IL). The pure tone
stimuli were produced by a clinical audiometer
(Grason-Stadler, model GSI-10) (Grason-
Stadler, Eden Prairie, MN), calibrated quarter-
ly according to standard procedures (American
National Standards Institute 83.6-1996), and
presented to the study candidates via insert
earphones (ER-3A). Tympanometry also was
conducted with conventional clinical tympan-
ometers (Grason-Stadler, model Tympstar or
model 33) to verify normal middle ear function
and to rule out confounding middle ear
pathology.

The audiometric results for each prospec-
tive participant were then evaluated to deter-
mine whether he or she met the following
inclusion criteria: (1) slight to moderately severe
bilateral sensorineural hearing loss of at least
20-dB HL for three frequencies and of at least
30-dB HL for at least one or more frequencies
in the range of 500 to 4,000 Hz and (2) LDLs
< 90-dB HL in the frequency range 500 to
4,000 Hz for at least two frequencies or a
DR < 60 dB for at least two frequencies or
sound tolerance complaints for aided or unaided
listening for candidates with LDLs below 105-
dB HL.

Additional exclusion criteria also were
considered in assessing eligibility. Prospective
participants were excluded if any of the follow-
ing criteria were violated. (1) Hearing sensitivi-
ty for pure tones was within normal audiometric
limits for more than two frequencies in the
range 500 to 4,000 Hz. (2) LDLs were > 100-
dB HL at more than two frequencies between
500 and 4,000 Hz. This latter exclusion criteri-
on was necessary because one of the indicators
of treatment-related change was a measurable
increase in the LDL. Accordingly, if baseline
LDL values were 100-dB HL or greater, then a
significant treatment-related incremental shift
in the LDL would have been ceiling limited by

audiometer output constraints. (3) The partic-

ipant’s tympanometric test results were clinical-
ly abnormal. (4) The candidate could not
conform to the test schedule (e.g., anticipation
of multiple scheduling conflicts). (5) The par-
ticipant was incapable of completing the func-
tional outcome measures (e.g., inconsistent
responses during preliminary LDL measure-
ments). (6) The participant exhibited or de-
scribed primary complaints consistent with
misophonia or phonophobia. (7) Study person-
nel determined that the candidate was unlikely
to be compliant with the study protocol. Eligi-
ble and willing candidates who met the inclu-
sion criteria and who were not disqualified by
the exclusion criteria voluntarily consented to
enroll in the trial by participating in an in-
formed consent process. This process culminat-
ed with each eligible and willing candidate
signing an IRB-approved informed consent
statement.

Random Treatment Assignments

After providing informed consent, eligible par-
ticipants were assigned randomly to one of the
four experimental treatment groups shown in
the2 x 2 trial design in Table 1. Participants in
group 1 were assigned to a treatment grounded
in the basic principles described by Hazell and
Sheldrake for treatment of hyperacusis.1 This
full-treatment protocol was implemented with
counseling and conventional sound generators
(CSGs). Participants in group 2 were assigned
to PSGs and counseling. Participants in group 3
were assigned to CSGs, and those in group 4
were assigned to PSGs, with neither of the
latter two treatment groups receiving the
counseling component.

Nine participants were assigned randomly
to each group at the start of treatment; however,
at the end of their treatments three participants
were reclassified to account for PSG failures,
which rendered their placebo devices conven-
tional in operation as determined by General

Table 1 Study Trial Design and Treatment Groups

Sound Generators Placebo Sound Generators
Counseling Group 1 (n=11) Group 2 (n=9)
No Counseling Group 3 (n = 10) Group 4 (n = 6)
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Hearing Instruments (GHI; Harahan, LA)
quality control engineers at posttreatment eval-
uations. These PSG failures are explained in the
appendix (pgs. 106-107). Specifically, one par-
ticipant was reclassified from PSG group 2 to
CSG group 1, and two participants were re-
classified from PSG group 4 to CSG group 3.
Additionally, two participants, who were ran-
domized to noncounseling treatment, mistak-
enly received counseling at their initial fitting.
One of these participants was moved from
group 3 to group 1 and the other participant
was moved from group 4 to group 2. Accord-
ingly, after reclassifying for the PSG failures
and inadvertent counseling errors, the number
of participants evaluated as treated in groups 1,
2, 3, and 4 were 11, 9, 10, and 6, respectively.
The presentation of the study findings by
treatment group follows from this as-treated
reclassification, which we believe is the most
sensible presentation of the results based on our
knowledge of actual treatments received at the

end of the study. This analysis decision does not
change the overall pattern of the results, which
we will show were virtually identical to those for
the as-treated and as-assigned groups after
removing the PSG failure participants from
the group analyses.

The average audiometric thresholds and
LDLs for each as-treated group at baseline are
shown in Fig. 1. In general, these baseline
results are well matched across groups, reflect-
ing mild-to-moderately severe sloping sensori-
neural hearing losses and LDLs just below and
around 90-dB HL across frequency. The au-
diometric thresholds were unchanged from
baseline to end of treatment.

Measurement Protocol

The participants were scheduled for a practice
appointment subsequent to completing the
informed consent process. This appointment
served two primary purposes: (1) to verify that
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the left and right ears as a function of frequency for each as-treated group identified in the designated panels.
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the participants continued to meet eligibility
criteria and (2) to familiarize the participants
with the study measurement protocol. Subse-
quently, this same measurement protocol was
administered at baseline and at all follow-up
measurement visits to assess treatment efficacy.
The protocol included measures of audiometric
thresholds; LDLs for pure tone, speech, and
white-noise stimuli; categorical loudness judg-
ments for warbled tones and speech stimuli;
evaluation of word-recognition ability at two
presentation levels corresponding to categorical
loudness judgments of Comfortable and Loud,
but OK for the individual; and tympanometry.
The sequence of the test procedures was ran-
domized at each test session. The study meas-
urements were performed in a sound-
attenuating test suite (IAC, series 1400 ATT)
(IAC - Acoustics, Bronx, New York) with the
audiometric equipment previously described.

Ear-specific audiometric thresholds were
measured for 250, 500, 1,000, 2,000, 3,000,
4,000, 6,000, and 8,000 Hz, using the modified
Hughson-Westlake procedure under earphones
(ER-3A).% Ear-specific LDL values, which rep-
resent absolute judgments of loudness discomfort,
were measured under earphones (ER-3A) for
pure tones presented at 1,000 and 8,000 Hz,
for spondee words, and for white noise. Stimulus
duration for the tones and noise stimuli was
~1,000 milliseconds, with an interstimulus inter-
val of ~400 to 500 milliseconds. Participants were
instructed to press the handheld response button
when the signal level became uncomfortable. The
following instructions were given to each partici-
pant: “I am going to present different sounds that
get louder and louder in volume. I want you to
decide when the sound is at a level that you think
is too loud, uncomfortably loud, or annoyingly
loud. By ‘too loud,” I mean when the sound is
above the level to which you would choose to
listen for any period of time. Push the button
when the sound is at a loudness to which you
would not listen.” Three LDL estimates were
obtained for each stimulus. If there was an
intertest difference exceeding 10 dB for a given
stimulus, then a fourth estimate was obtained and
the outlier was discarded.

Categorical loudness judgments were mea-
sured for 500-, 2,000-, and 4,000-Hz pulsed
warbled tones (frequency modulation + 5% of

center frequency) per the protocol described by
Cox and colleagues for the Contour Test of
Loudness.?® Test stimuli were presented in
ascending level, with the initial starting level
presented one step above the audiometric
threshold for that frequency; step size
was 5 dB when audiometric threshold was
< 50-dB HL and was 2.5 dB when the thresh-
old was > 50-dB HL. Four 200-milliseconds
pulses of each warbled tone were presented at
each stimulus level. The interstimulus interval
was typically 1,000 milliseconds, but varied
somewhat based upon the participant response
time. Participants responded to the perceived
loudness of the signal, after presentation of the
series of tones at a given level, by stating the
number corresponding to the perceived loud-
ness category (e.g., 1 = Very Soft, 2 = Soft,
3 = Comfortable but Slightly Soft, 4 = Com-
fortable, 5 = Comfortable but Slightly Loud,
6 = Loud, but OK, 7 = Uncomfortably
Loud). The initial presentation level generally
yielded a response of Very Soft (category 1).
Occasionally, the starting level resulted in a rating
of Soft (category 2). When this latter response
occurred, the starting level was decreased to
audibility threshold. Stimulus intensity subse-
quently was increased, and a categorical judgment
of loudness was obtained for each presentation
level until the participant reported a response of
Uncomfortably Loud (category 7), which termi-
nated the trial sequence. Three ascending trial
sequences were presented at each frequency, with
the test frequency selected in random order. The
median value for each loudness category was
determined from the three trial sequences.
Ear-specific categorical loudness judgments
also were obtained under earphones (ER-3A) for
recorded spondaic words (Central Institute for
the Deaf (CID), W-2 Word Lists). The initial
starting level was presented one step above the
lowest (best) pure tone threshold across the
audiometric frequency range 250 to 8,000 Hz.
A 5-dB step size was used for these measure-
ments regardless of the pure tone threshold.
Categorical loudness judgments from three as-
cending trials were measured for each ear; the
order of presentation was randomized between
the ears. Subsequent to completing the categori-
cal loudness judgments for the recorded spondee
speech stimuli, word-recognition ability was
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measured using recorded Northwestern Audi-
tory Test No. 6 (NU-6) word lists (50-word lists)
at presentation levels corresponding to loudness
judgments of Comfortable (category 4) and
Loud, but OK (category 6).

Some of the study participants at UMB
completed a pretreatment sound tolerance ques-
tionnaire (personal communication with La-
Guinn Sherlock and Sue Erdman) and the
Revised NEO Personality Inventory (NEO
PI-R, Par Inc.,, Lutz, FL) during the appoint-
ment for the practice session.”’ The former
instrument was in development at the start of
the study and the content is not validated.
Therefore, it was not used as a formal baseline
nor an outcome measure. The latter psychomet-
ric tool was administered to assess personality
characteristics that might ultimately be predic-
tive of treatment success or failure. These latter
results have not been analyzed formally to date.

Bilateral ear canal impressions, for ordering
and fabricating the cases of the custom in-the-
ear sound therapy devices, were usually made
for the participants at the time of the random-
ized treatment assignment. This activity was
sometimes postponed and performed at a sub-
sequently scheduled practice visit if scheduling
or time constraints precluded this step. The
sound therapy device order form was completed
by a neutral third party (the division adminis-
trator), who determined the sound therapy
device type (i.e., CSG or PSG) that each
participant was assigned to receive based upon
a predetermined randomization schedule. The
study audiologists were blinded to the device
type, as was each study participant.

Participants were scheduled to return for
their baseline and treatment visit when their
sound therapy devices were ready to be dispensed,
typically about 4 weeks after the practice session,
but in some cases longer (see the appendix,
pg- 107). The baseline test session established
LDL values, categorical loudness judgments, and
word-recognition performance prior to initiating
the assigned treatment protocol for each partici-
pant. In addition, baseline auditory brainstem and
middle latency response measurements were per-
formed for those participants enrolled in the study
at UMB. These results, also measured at follow-
up visits throughout the period of treatment, will
be described in a separate report.

Counseling Treatment Protocol
Participants assigned to one of the counseling
groups (groups 1 and 2) received counseling in a
single session. This counseling session followed
after the baseline test measurements and pre-
ceded the fitting of their CSGs/PSGs. The
counseling was performed routinely at UMB
and at UA by a single TRT-experienced clini-
cian. The audiologist collecting the study data
was not blinded to whether (or not) the partici-
pant received counseling as part of his or her
treatment.

Counseling followed a structured protocol,
which was administered by the counseling
audiologist in a checklist format. The content
of the counseling protocol was divided into four
basic components, which typically required a
total time of 1.0 to 1.5 hours to complete. The
four components of counseling included: (1) an
overview of the counseling protocol and the
participant’s audiometric results; (2) an over-
view of relevant auditory anatomy and neuro-
physiology; (3) an overview of central auditory
gain control processes in the context of the
participant’s sound tolerance problem and his or
her limited DR; and (4) an introduction to the
importance of sound therapy in treatment of the
problem. The counseling was performed with
each participant’s audiometric and LDL results
and with visual aids, using flip charts to display
anatomical illustrations and photographs.
Additionally, a diagram of Jastreboff’s neuro-
physiological model was presented to help
explain the problem of hyperacusis.24 The
model was helpful in clarifying hyperacusis
and in distinguishing this problem from miso-
phonia/phonophobia; again, our sample did not
describe symptoms consistent with either of
these latter issues as significant concerns. The
counseling content also was void of basic infor-
mation about tinnitus, which if reported by a
participant was an unremarkable secondary
issue. Instead, the counseling content was re-
fined and restricted to issues relevant to supra-
threshold sound-sensitivity problems, sound
intolerance, and associated complaints, includ-
ing those related to a reduced DR for loudness
as a consequence of sensorineural hearing
loss."* These issues, individually and together,
were related to adverse effects on the partic-
ipant’s comfortable use of amplification. The
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objectives of the counseling were explained in
terms of isolating and addressing each partic-
ipant’s primary problems, thereby enabling bet-
ter management to expand his or her reduced
DR for loudness. The counseling also clarified
the purpose and goals of the study while
addressing any study-related questions and
concerns expressed by the study participants.

Sound Therapy Devices

All participants were assigned to a sound ther-
apy treatment. The sound therapy treatments
were implemented with either CSG or PSG
devices via nonoccluding, custom, in-the-ear
sound generators (GHI Tranquil model). The
CSGs were modified, as described in the ap-
pendix, to achieve the desired placebo effect in
the PSGs. Two versions of the PSGs were
implemented in this study (see the appendix,
pgs. 106-108). The typical real-ear frequency
responses for both CSGs and PSGs were
characterized by a high-frequency emphasis in
the range of the ear canal resonance frequencies.
Perceptually, the sound output was perceived as
a soft seashell-like noise. The CSGs produced
the soft noise output continuously at a constant
level. In contrast, the PSG devices produced a
short-duration dose of the same noise, which is
described below.

The novel PSG treatment was crucial to
the success of this project in as much as it
enabled us to implement the double-blind
sound therapy treatment for the trial. The
PSG strategy took advantage of normal
short-term adaptation processes that may give
rise to partial (if not complete) perceptual sound
decay for weak sounds. Additionally, other
perceptual processes ostensibly contributed to
auditory gain recalibration effects, following
repeated exposures to the soft sound therapy
noise over extended time of use. Specifically, the
placebo effect was made plausible because we
knew clinically that patients with tinnitus and
hyperacusis may experience perceptual attenu-
ation or decay to the noise during sound therapy
with CSGs. Consequently, they often report
becoming unaware of the low-level sound ther-
apy noise from their CSGs over the course of
daily usage. Also, pilot listening to the CSG
devices by the investigators, even in quiet con-

ditions corresponding to the Comfortable but
Soft presentation levels that were used in this
study, revealed normal perceptual attenuation
of the noise. Accordingly, the PSGs were
designed to decay to silence after ~60 to 70
minutes of use. The output of the placebo
devices was constant in level during the initial
30 to 40 minutes of use and, thereafter, the
output was systemically attenuated to silence at
arate of ~1 dB per minute (see Fig. A3A). The
expectation of routine sound decay, consistent
with the attenuating PSG function, was rein-
forced by clinician instruction. Indeed, all par-
ticipants regardless of device assignment were
informed that they may not hear the noise from
their devices because of the adaptation effects,
especially in noisy sound environments.

An innovative and critical feature of the
function of the PSG required the output to reset
to the initial, steady-state, unattenuated level
soon after the device was removed from the ear.
This feature was added as a safeguard against
untoward revelation of the placebo effect,
which might otherwise be revealed to the
participant or to the study audiologist during
an out-of-the-ear listening check of the PSG
output. This novel resetting feature, which
operated with a brief resetting time constant
of ~2 to 3 seconds, was critical for double
blinding of both the participant and the study
audiologist to the conventional or placebo
device type. To discourage inadvertent resetting
of the PSG output, participants were instructed
to insert and position their sound generators
(both conventional and placebo) at the start
of the day and then to forget about the
devices until removed at the end of daily usage
(encouraged for at least 8 hours each day).

Sound Therapy Fitting Protocol

RATIONALE

The essential requirements for sound therapy in
this study were to provide the participants a
consistent and gentle noise source, consistent
with Comfortable but Slightly Soft level (cate-
gory 3), to facilitate the intended treatment
effects from the CSGs, while also minimizing
untoward adverse masking effects while in use.
An additional requirement for participant use
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of both the CSG and PSG instruments was to
minimize undesirable sound-attenuating occlu-
sion effects while wearing the devices. The
latter occlusion effects might otherwise coun-
teract the desired sound-enriching effects of the
noise treatment, as well as restrict daily com-
munication while the devices were worn.
Specifically, external sound attenuation from
wear of a fully occluding device has been shown
to induce counterproductive increases in central
auditory gain, which enhance loudness and
thereby reduce sound tolerance and the
DR.?>%28 To minimize untoward occlusion
effects in this study, the CSG and PSG devices
were encased in open-canal fitted shells, which
allowed speech and environmental sounds to
pass virtually unattenuated. Accordingly, a suc-
cessful CSG sound therapy treatment with an
open-canal fit was expected to reduce (central)
auditory gain for the participants,1 fostering
enhanced sound tolerance and expansion of the
auditory DR for loudness.

In planning the use and fitting of the CSGs
for this trial, we made the decision to maintain a
consistent steady-state volume setting through-
out the entire treatment period for each partici-
pant. Our treatment protocol therefore differed
in an important way from the desensitizing
sound therapy protocol originally described by
Hazell and Sheldrake and currently recom-
mended in the TRT-H sound therapy protocol
for treatment of hyperalcusis.l’4 Specifically, the
desensitizing sound therapy approach calls for
systematic increases in the sound generator
volume output over the course of the hyperacusis
treatment. Our decision to fix the CSG volume
output throughout the period of treatment was,
in part, a strategy to offer a known and controlled
sound therapy stimulus, which simplified the
eventual interpretation of the treatment out-
comes. This strategy also was essential for mini-
mizing and controlling the low-level masking
produced by the CSGs. Indeed, minimization of
low-level masking effects was crucial during the
prolonged treatment period for our unaided,
audibility-challenged, hearing-impaired partici-
pants. Otherwise, their everyday communication
and listening abilities, in the absence of useable
amplification, would be further compromised by
the low-level masking noise from their CSGs.
Thus, to the extent that systematic increases in

the CSG outputs would necessarily have given
rise to incremental low-level masking, each
participant’s auditory DR would, in turn, have
been diminished systematically while the CSGs
were in use during the treatment period.
Accordingly, we adopted a fixed low-level noise
stimulus throughout the period of treatment for
groups 1 and 3. Groups 2 and 4 were similarly
managed, albeit the outputs of their PSGs were
purposely attenuated to silence after ~60 to
70 minutes of use.

FITTING PROCEDURE

The participants were instructed in the use,
fitting, and care of their open-canal sound
generators per the treatment protocol described
herein. This instruction always followed after
the baseline test measures were completed and
after a counseling assignment. Initially, the
sound generator instruments were positioned
within the ear by the study audiologist. Com-
fortable physical fits were then verified for each
participant, and the noise output was adjusted
to a volume corresponding to a loudness rating
of Comfortable but Slightly Soft. The device
volume was set independently for each ear, and
a second loudness rating was then obtained with
the bilateral devices operational. If the bilateral
loudness rating changed, then the volume of
each device was adjusted until the participant’s
rating of the bilateral noise output level was
again judged to be Comfortable but Slightly
Soft. Next, measurements were performed us-
ing a real-ear system (AudioScan, model
RM5000) (AudioScan, Dorchester, Ontario,
Canada) to document the device output within
each ear. The probe tube was placed within the
ear canal to a standardized insertion depth of ~
28 mm. Measurements were performed with
the devices in the ear, first turned off and then
turned on. The AudioScan output was turned
off so that the resulting difference between the
instrument settings in the on and off conditions
yielded a measure of the device output within
the ear canal. Average real-ear responses for the
sound generators used in this study are shown
separately for the left and right ears for each
treatment group in Fig. 2. These responses
reveal the expected high-frequency emphasis,
with peak output at 2,000 Hz reflecting the

characteristic ear canal resonance.
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Figure 2 Average real-ear frequency responses (+1 standard error) for the conventional sound generators
(CSGs) and placebo sound generators (PSGs) measured for the left and right ears for groups 1 and 3 and for
groups 2 and 4, respectively, at Comfortable but Slightly Soft use settings. Abbreviation: SPL, sound pressure

level.

Behavioral (audiometric) threshold shifts
also were measured with the bilateral CSGs/
PSGs situated within the ears and turned on per
the treatment protocol. The device-induced
masked (audibility) threshold shifts were
checked at baseline and at each follow-up
appointment to verify expected device output
within the ear. (IMeasurements were made
while the PSG outputs were in the steady state,
prior to initiation of the decay phase.) Audibil-
ity thresholds were measured between 500 and
6,000 Hz using the headphones (Telephonics,
model TDH-50) (Telephonics, Farmingdale,
NY) encased in supra-aural cushions. The
threshold measurements were performed,
with and without the treatment devices in
use, with the resulting difference in the two
sets of thresholds representing the masked
threshold shifts. Average masked threshold
shifts measured for the sound generators in
operation are shown separately for the left
and right ears for each treatment group
in Fig. 3. Note that the masked threshold shifts

mirror the real-ear response patterns shown

in Fig. 2. The largest masked threshold shifts,
typically between 10 and 15 dB, were produced
at 3,000 Hz for each group. Otherwise, the
masked threshold shifts were not much more
than 5 dB at most frequencies and were not
usually reported to be a confounding factor in
daily communication for our participants.
CSG/PSG output also was verified electro-
acoustically during each test session with the
AudioScan real-ear system. The CSG or PSG
was coupled to an HA-1 coupler and its steady-
state output was measured at the participant’s
use setting. Sound generator outputs were com-
pared at each follow-up session with the baseline
measurements at treatment onset to ensure
consistent outputs. If a follow-up sound gener-
ator-output response varied appreciably from its
baseline value, then the CSG/PSG volume
setting (set manually by potentiometer adjust-
ment) was verified. If the volume setting was
consistent with the baseline value and the output
was weak, then a visual inspection of the device
was conducted to rule out a cerumen-occluded
receiver. Subsequent to these efforts, the
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Figure 3 Average masked threshold shifts (1 standard error) as a function of frequency for groups 1 and 3
and for groups 2 and 4, respectively, when using the conventional sound generators (CSGs) and placebo
sound generators (PSGs) at their Comfortable but Slightly Soft use settings.

treatment device was returned to the manufac-
turer for repair or replacement if the output
response did not closely match the baseline
output value.

Participants received written and verbal
instruction in the care and use of their CSGs/
PSGs. Again, participants were advised to
anticipate naturally occurring perceptual atten-
uation of the low-level noise from their sound
generators. Accordingly, they were forewarned
and were aware that they might not always
detect the outputs from their sound generators.
This key information, namely, that perceptual
adaptation to the sound generator noise output
was normal and should be expected, was em-
phasized and reinforced at treatment onset and
at all follow-up visits for each participant. This
knowledge was integral to the successful use of
the PSGs, as well as that of the CSG devices.
The instruction to the participants, to insert
their sound therapy devices within the ears and
then to forget them, also was emphasized. The
participants practiced correct placement of their
CSG/PSG devices in the ears, and proper
placement was confirmed by the research audi-

ologist or a graduate assistant at each clinic visit.
Participants were provided with a supply of
batteries at each test session and instructed to
replace the batteries weekly, or as needed, to
sustain normal function. Last, participants were
instructed to record their CSG/PSG use time
each day on a device-use log and to share their
logs at each follow-up session for clinician
review. The clinician reviewed the daily-use
entries to ensure protocol compliance and, if
necessary, to counsel the participant if he or she
were noncompliant with prescribed use of the
device for at least 8 hours daily.

We implemented two follow-up schedules
during this study to monitor treatment progress.
The two schedules were implemented because the
dynamics for the full- and partial-treatment ef-
fects were uncertain at the start of this study.
Hazell and Sheldrake’s early report of their
treatment dynamics guided our design of the
initial follow-up schedule,' which coincided
with the evaluation of the first-generation
CSGs/PSGs (see the appendix, pg. 106). The
initial follow-up schedule encompassed a treat-
ment period of about 1 year, which Hazell and
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Sheldrake reported to have been sufficient to
reveal treatment effects for the majority of their
patients.l This early follow-up schedule called for
less time between follow-up sessions at the start of
treatment, with increasingly longer intervals be-
tween follow-up appointments over the course of
the assigned treatment protocol. This initial
strategy was necessary to monitor and capture
rapid treatment effects (i.e., incremental changes
in the categorical loudness judgments) that might
occur early in the repeated measurements and
otherwise be missed. These scheduled follow-up
appointments were set at 0.5, 1, 2, 3, 4, 6, 8, 10,
and 12 months after the baseline/initial treatment
session. Fourteen participants completed the ini-
tial follow-up schedule.

After reviewing the treatment dynamics for
those participants who benefitted from their
interventions during the initial follow-up
schedule, we determined that: (1) primary
treatment-related changes had generally oc-
curred during the first 6 months of follow-up,
which was consistent with Hazell and Shel-
drake’s findings that 73% of their patients with
hyperacusis were treated successfully within
6 months of beginning treatment,’ and (2)
these changes would typically have been cap-
tured by monthly visits. We therefore modified
the follow-up protocol schedule to reduce the
burden on the study participants and to allow
them to be fitted with hearing aids sooner than
was permitted by the original protocol, which
called for an additional 6 months of treatment
with no further expected improvement from
their treatment. The revised follow-up schedule
called for monthly follow-up appointments for
6 months after the baseline/initial treatment
session. Moreover, the decision was made that
the treatment and follow-up protocol could be
terminated earlier than 6 months if criterion
LDL and/or categorical loudness judgments for
Uncomfortably Loud consistently shifted by
10 dB or more for a given measure of uncom-
fortable loudness at two consecutive follow-up
visits. This early termination criterion was
developed to allow our participants, who were
all hearing aid candidates, the opportunity to be
fitted with hearing aids once they had a clini-
cally meaningful change in their sound toler-
ance. Twenty-two participants completed the
revised follow-up schedule.

Participants were interviewed at each fol-
low-up test session to determine whether there
were any unexpected changes in their audio-
metric or sound tolerance conditions, to ascer-
tain any concerns about the fit or function of
their CSGs/PSGs, and to evaluate self-re-
ported use time for their sound therapy devices.
Compliance with the upcoming schedule and
continued interest in study participation also
were confirmed, and informed consent was
reaffirmed with each participant.

At the termination of their assigned treat-
ments, 10 participants who had not received the
full treatment, including counseling and con-
ventional sound therapy, were crossed over to
the full-treatment protocol for 6 months. In
addition, several of the participants in group 1
who graduated successfully from the full treat-
ment and some participants in other treatment
groups who benefited from their treatments
elected to try the use of hearing aids at the
completion of their successful interventions.
Unfortunately, during the funding period for
this study, we were only able to follow a few of
these individuals in their crossover treatment
and/or their postfitting experiences with hear-
ing aids. Case examples of posttreatment func-
tional benefit will be considered for selected
participants in a companion report that will
address the clinical relevance of the study
outcomes.

Statistical Analyses

Along with simple descriptive statistics (i.e.,
means and standard deviations), the primary
statistical analysis applied in this study focused
on longitudinal change in the categorical loud-
ness judgments to reveal treatment-related
group differences. We performed the primary
analysis of longitudinal change using the Proc-
Mixed protocol in SAS software (version 9.3,
Cary, NC). Longitudinal change in the loud-
ness measures were evaluated and compared,
over the course of each treatment, using linear
mixed models to evaluate slope inequalities by
treatment group assignment. The analyses were
stratified by stimulus-frequency condition, 500,
2,000, and 4,000 Hz, for each of the seven
Contour loudness categories. Because the study
follow-up visits were not equally spaced in time
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across the participants, the mixed-model design
enabled us to explore various covariance matri-
ces to maximize model fit. Additionally, for
purposes of post hoc evaluations, the Bonfer-
roni method for correction was used to adjust
confidence limits to maintain a consistent o
level for all paired comparisons.>” As previously
discussed, two different follow-up schedules
were evaluated in this study with differing
points of treatment termination based on crite-
rion changes in the longitudinal loudness meas-
ures. This temporal measurement variation
invalidated the standard repeated-measures de-
sign, which assumes either that within-partici-
pant errors were uncorrelated or that the
correlation between observations on the same
participants was constant regardless of the time
lapse between observations. Accordingly, the
mixed-model approach for this longitudinal
study incorporated a time-series covariance
structure (i.e., spatial power law) to manage
the unequally spaced time points in the analysis
that otherwise would have been susceptible to
underestimates of standard errors and over-
estimates of time and time-by-treatment effects
in a standard repeated-measures analysis.

Both linear and nonlinear (quadratic) func-
tions were evaluated for best fits to the longitu-
dinal data, with minimal difference observed
between the two fitting functions. Consequent-
ly, for economy of description and interpreta-
tion, in the absence of compelling evidence to
favor the more complex nonlinear fitting strat-
egy, we adopted the linear-fitting strategy for
our primary analyses and for reporting of the
study outcomes.

The power analysis for the study also was
performed using a mixed-model design for
which we modeled between-subjects effects
with the four levels (one level for each treatment
group) and a within-subjects effect with seven
levels (average of time measurements). Both
factors were designated as having a linear-up
effect pattern, with a conservative detectable
mean difference of 1 unit above and below the
comparison mean. For example, a 1-unit de-
tectable difference for a reference of a mean of 5
would represent the minimal detectable differ-
ence in the range of 4.5 to 5.5 for the compari-
son mean. Results from this mixed-model
power calculation consistently resulted in

>80% power for this effect size across samples
ranging from 6 to 12 observations (i.e., study
participants) per group, which was consistent
with various analyses performed on our unbal-
anced group sizes. This study design therefore is
unbalanced in its treatment allocations for the
different groups. There is a power decline as the
allocation ratio deviates from 1.00; however,
this effect is not very prominent and moderate
imbalances in group sizes, as occurred in our
study, can be utilized without great concern
about loss of power or the need to increase total
sample size.*

RESULTS

Overview

The results discussed here address the primary
and secondary aims listed in the introduction.
These findings provide the critical tests of the
validity, efficacy, and generality of the interven-
tion principles for treating reduced sound tol-
erance and related DR problems among our
sample of people with hearing loss." The results
for the ear-specific LDLs and Contour testing
are presented as averages across ears and across
subjects in each group.

Control Repeated Measures

Consider first the repeated measurements of the
categorical loudness judgments measured at
monthly intervals over a period of about
1 year from the 10 normal-hearing volunteers.
There was no consistent trend of improvement
over time for any of our repeated measures for
individual participants. The standard deviations
across sessions for the categorical loudness
judgments, averaged across participants, were
5.4, 4.5, and 10.4 dB at 500, 2,000, and
4,000 Hz, respectively.

Changes in Loudness Discomfort with
Treatment

The focus of the treatment effects in this study
was on the change in the categorical loudness
judgments from baseline to end of treatment.
These treatment effects were the primary out-
come measure of interest. The LDL judgments
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Figure 4 Treatment change by group for LDL (1,000 Hz) and Uncomfortably Loud categorical judgments
(averaged for 500, 2,000, and 4,000 Hz) between baseline and end of treatment. Shown are the average
change values (£1 standard error) for the participants in the as assigned, as treated, and dropped from
analysis treatment groups. Abbreviations: CSG, conventional sound generator; LDL, loudness discomfort level;

PSG, placebo sound generator.

were used as a secondary outcome measure to
supplement the categorical loudness data for
purposes of establishing treatment termination.
Incremental changes from baseline of 10 dB or
more at two consecutive follow-up visits for
either (or both) the 1,000-Hz LDL judgments
or the Uncomfortably Loud categorical judg-
ments, averaged for the 500- and 2,000-Hz
measurement conditions, qualified a participant
to terminate and graduate successfully from the
assigned treatment. Based on these criteria for
treatment termination, 82% of the individuals
receiving full treatment in group 1, 25 and 40%
of the participants in partial-treatment groups 2
and 3, respectively, and 50% of the control
participants in group 4 were treated successfully
at the conclusion of their as-treated group
assignments. The latter result for group 4
should be interpreted cautiously because only
six participants contributed to this result.

The magnitudes of the treatment-related
changes (in decibels) are shown for each group

in Fig. 4 for the Uncomfortably Loud categorical
judgments, averaged for the 500-, 2,000- and
4,000-Hz frequency conditions. Also shown for
comparison are the corresponding mean changes
in the LDL judgments for 1,000 Hz for each
group. These data were analyzed in three ways to
enable comparison of the results by the: (1) as-
assigned (at treatment onset); (2) as-treated (as
determined at treatment end); and (3) dropped
participant group designations. The latter desig-
nation reflects the deletion of the three partic-
ipants with PSG failures from the analysis. The
trends are similar for all three analyses. The mean
changes for group 1 for both the Uncomfortably
Loud and LDL judgments in Fig. 4 were consis-
tently greater than those measured for the other
groups. Indeed, the group 1 changes in judgments
of Uncomfortably Loud posttreatment averaged
~15 and 10 dB, respectively, whereas the corre-
sponding changes for the other groups typically
averaged ~ 5 dB or less. Similarly, the efficacy
rates for the as assigned and dropped participant
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Figure 5 Mean baseline and end-of-treatment loudness-growth functions (1 standard error), measured for a
pulsed-warbled tone are presented by group in separate panels for 500, 2,000, and 4,000 Hz. The end-of-
treatment functions were constructed by averaging the resulting judgment levels for each loudness category
across the last two study visits for each participant. Abbreviation: HL, hearing level.
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analyses were virtually unchanged for group 1 (78
and 80%, respectively) from their as-treated effi-
cacy rate (82%). These treatment-related changes
for the Uncomfortably Loud judgments are clini-
cally significant, reflecting incremental shifts in
loudness discomfort in excess of a full category for
tull-treatment group 1.

Changes in Loudness Growth with
Treatment

The average loudness-growth functions mea-
sured at baseline and at the end of treatment for
group 1 are consistent with the positive treat-
ment effects described above. These results and
those of the other treatment groups are shown
in Fig. 5 for the as-treated categorical-loudness
judgments at 500, 2,000, and 4,000 Hz. The
end-of-treatment function for each group re-
flects average results measured over the last pair
of treatment visits (for which consistent perfor-
mance was required to terminate treatment).
Again, the largest treatment effects are apparent
for group 1, for whom the divergence of the
baseline and end-of-treatment functions was
greatest. For 500 Hz, this divergence begins
with the judgments of Comfortable but Slightly
Soft and increases systemically with increasing
loudness category; whereas for 2,000 and
4,000 Hz, the separation of the baseline and
end-of-treatment functions is evident across all
categories from Very Soft to Uncomfortably
Loud, and systematically diverges to a greater
extent with increasing loudness category. Con-
sequently, the end-of-treatment loudness-
growth function for group 1 is extended to
higher levels and, therefore, spans a larger range
of levels than does the steeper pretreatment
baseline function. Accordingly, the shallower
end-of-treatment function for group 1 repre-
sents an enhanced DR for loudness relative to
the steeper baseline function. A similar but less
prominent effect of treatment is observed in the
corresponding loudness-growth functions for
group 3, which was treated with CSGs alone.
The treatment effects for group 2 were relative-
ly smaller than those for group 3, and those for
group 4 were negligible. Again, group 2 par-
ticipants were assigned counseling and PSGs,
whereas participants in control group 4 were
assigned no counseling and PSGs. The trends

for the baseline and end-of-treatment loud-
ness-growth functions for the respective groups
were largely invariant of the measurement
frequency condition, reflecting the generality
of the treatment effects across frequency.

A two-way analysis of variance comparing
the baseline versus end-of-treatment judgments
across Contour loudness category (1 to 7) for each
frequency condition confirmed the observable
trends in the loudness-growth functions shown
in Fig. 5. Specifically, the baseline versus end-of-
treatment loudness-growth functions for group 1
were significantly different (p < 0.001) for each
frequency condition. Likewise, the baseline and
end-of-treatment loudness-growth  functions
were significantly different for group 3 for
500 Hz (p=0.013) and for 4,000 Hz
(p = 0.008). In contrast, loudness growth was
not significantly different between baseline and
end-of-treatment for any frequency condition for
groups 2 and 4. No interactions were obtained for
any treatment group, precluding the isolation of
an effect for a specific loudness category. Cate-
gorical effects of the treatments, however, are
suggested by the increasing separation of the
baseline and end-of-treatment functions with
increasing loudness category for group 1 and, to
a lesser degree, for group 3.

Thus, group 1, which was assigned to full
treatment, achieved the most prominent inter-
vention effects as measured by overall changes in
loudness growth between baseline and treatment
termination. These treatment effects were signif-
icant statistically and were consistently measured
across frequency at 500, 2,000, and 4,000 Hz.
Significant but less prominent treatment effects
also were measured at 500 and 4,000 Hz for
group 3, which received sound therapy alone via
CSGs. No significant treatment effect was mea-
sured for control group 4, which was treated only
with PSGs, nor for group 2, which was assigned
counseling in combination with PSGs. Accord-
ingly, we may surmise from this evidence that
CSGs, which were assigned for both groups 1 and
3 but not for groups 2 and 4, were integral to
treatment success.

The conclusion that CSGs were integral to
treatment success is highlighted in Table 2 in
which mean change values are quantified be-
tween the baseline and end-of-treatment loud-
ness-growth functions from Fig. 5. For each
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Table 2 Mean Treatment Change between Baseline and End-of-Treatment Loudness
Judgments for Each Group as a Function of Contour Loudness Category for Each Measurement
Frequency

Group 1
Contour Loudness Category Frequency (Hz) ~
500 2000 4000 A
1 —-0.06 2.61 3.35 1.97
2 0.06 3.69 3.92 2.56
3 3.01 3.69 4.38 3.69
4 5.57 5.06 5.68 5.44
5 7.84 6.99 7.33 7.39
6 9.60 8.81 8.92 9.1
7 11.65 10.00 9.89 10.51
A 37.67 40.85 43.47 40.66"
Group 2
Contour Loudness Category Frequency (Hz)
500 2000 4000 A
1 —0.63 —-0.21 0.61 —-0.07
2 -2.29 —0.69 0.13 —0.95
3 -2.15 -1.39 0.29 —1.08
4 —1.88 —0.76 0.64 —-0.67
5 0.14 0.00 0.42 0.19
6 1.39 0.69 0.99 1.02
7 1.32 0.90 1.75 1.32
A —-4.10 —1.46 4.82 -0.25"
Group 3
Contour Loudness Category Frequency (Hz)
500 2000 4000 A
1 1.69 1.44 1.25 1.46
2 3.00 1.69 1.67 2.12
3 3.38 2.00 1.88 2.42
4 3.81 3.25 1.88 2.98
5 4.75 3.88 3.89 4.17
6 6.31 3.81 3.89 4.67
7 6.44 4.31 4.65 5.13
SA 29.38 20.38 19.10 22.95"
Group 4
Contour Loudness Category Frequency (Hz)
500 2000 4000 A
1 1.15 3.65 0.52 1.77
2 —0.52 2.19 1.25 0.97
3 —0.62 1.98 —0.31 0.38
4 0.63 2.40 1.46 1.49
5 0.42 2.81 0.83 1.35
6 1.46 3.33 1.77 2.19
7 0.83 3.75 1.46 2.01
>A 3.44 20.10 6.98 10.177

Corresponding grand mean change values, averaged across measurement frequency for each loudness category.
"The summation of the mean change values across category for each frequency and the overall grand mean change
value.
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group, the mean change in decibels is presented
for the end-of-treatment loudness judgments
relative to the corresponding baseline judg-
ments for each Contour loudness category
stratified by measurement frequency. Also
shown are the mean change values for each
loudness category, stratified by measurement
frequency, and the corresponding grand mean
change values, averaged across measurement
frequency, for each group; the summation of
the mean change values by frequency and the
total of these grand mean values for each group
are shown at the bottom of each column. The
latter total grand mean value represents a
comprehensive index, estimated across category
and frequency, of the respective overall treat-
ment change achieved by each group. The
resulting comprehensive index values of treat-
ment change were 40.66, —0.25, 22.95, and
10.17 dB for groups 1, 2, 3, and 4, respectively.
The large and moderate index values of overall
treatment change for groups 1 and 3, respec-
tively (in relation to the negligible and small
index values for groups 2 and 4), confirm the
importance of sound therapy in the treatment
protocol.

The comprehensive index values of treat-
ment change estimated for each group
in Table 2 represent summary outcome meas-
ures of overall treatment-related change in the
categorical loudness judgments. The index val-
ue for each group can be applied in a factorial
analysis using the equations shown in Table 3 to
evaluate formally the respective treatment ef-
fects from counseling and conventional sound
therapy in this study.31 The important outcome
from this factorial analysis is that the treatment
effect for sound therapy (53.68 dB) is much
larger than that for counseling (7.29 dB) in this
study. Additionally, it is notable that the full-
treatment effect for group 1 (40.66 dB) is
fourfold that of the control effect for group 4
(10.17 dB). Moreover, a relative estimate of the
placebo contribution in the treatment effects
can be garnered from a comparison of the sum
of the comprehensive index values for PSG-
assigned groups 2 and 4 (9.92 dB) in compari-
son with the corresponding summed values for
CSG-assigned groups 1 and 3 (63.61 dB). This
comparison reveals a negligible role for the
placebo, which is less than a sixth of the

Table 3 Factorial Analysis Applied in the
Evaluation of the Counseling and Sound
Therapy Treatment Effects

Sound Generators
Counseling + —

+ Group 1 (40.66 dB) Group 2 (—0.25 dB)
- Group 3 (22.95 dB) Group 4 (10.17 dB)

Note: Comprehensive index values of treatment change
(from Table 2) are shown by group for treatment assign-
ments with or without counseling in combination with
conventional sound generators or placebo sound gener-
ators. Counseling effect = group 1 index value + group
2 index value — (group 3 index value + group 4 index
value) = 7.29 dB; and sound therapy effect = group 1
index value + group 3 index value — (group 2 index
value + group 4 index value) = 53.68 dB.

magnitude achieved with conventional sound
therapy for otherwise similar treatment
assignments.

Treatment Dynamics

We used linear mixed models to evaluate sig-
nificant mean differences in treatment change
(in decibels) from baseline to end of treatment
for each group (shown in Fig. 5). The p values
for time X group interactions were calculated
for each of the seven Contour loudness catego-
ries, stratified by measurement frequency. The
longitudinal treatment effects for group 1 were
the only ones yielding statistically significant
differences from the dynamic treatment effects
of the other groups. The longitudinal treat-
ment-related changes in the categorical loud-
ness judgments for group 1 provide further
support for the validity and efficacy of the full
treatment. Significant time X group interac-
tions were evident early, beginning with the
Soft categorical loudness judgments for the
2,000- and 4,000-Hz warble-tone frequency
conditions. The time x group interactions for
the 500-Hz warble-tone condition for group 1
were significantly different for categories great-
er than Comfortable but Slightly Loud com-
pared to groups 2 and 3, and were greater than
category Loud compared to group 4. For the
2,000-Hz warble-tone condition, group 1 was
significantly different from groups 2 and 3 for
categories greater than Soft and was different
from group 4 for categories greater than Com-

fortable. For the 4,000-Hz warble-tone
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conditions, group 1 was significantly different
from groups 2 and 3 for categories greater than
Soft and was different from group 4 for catego-
ries greater than Comfortable but Slightly Soft,
with the exception of their Comfortable judg-
ments. The larger response variation for group
4, which consisted of a smaller number of as-
treated participants (n = 6) contributing to the
average treatment effects, likely accounts for the
fewer number of conditions yielding statistically
significant differences from group 1. Group 4
also exhibited larger DRs and shallower mean
loudness-growth functions at baseline than
were measured for any other group; this char-
acteristic feature of their results also may be a
factor in their statistics.

The corresponding dynamics that charac-
terize these longitudinal treatment effects (i.e.,
mean treatment change in decibels from base-
line to end of treatment) were described for each
group by calculating a slope value. The slope
values were estimated as a linear change from
baseline (in decibels per month) over the time of
treatment. Slope values were calculated for each
loudness category independently for 500, 2,000,
and 4,000 Hz. The intercept values for corre-
sponding combinations of loudness category
and frequency condition were not significantly
different across the four treatment groups at
baseline. Thus, on average, the four treatment
groups began their judgments of loudness from
similar starting points for each pairing of Con-
tour loudness category and frequency condition.
The slope values for group 1 increased system-
atically with increasing loudness category for
each frequency condition, ranging from 0.11 to
1.56, 0.33 to 1.61, and 0.62 to 1.61 dB/mo at
500, 2,000, and 4,000 Hz, respectively. The
slope values were significantly different from a 0
slope for loudness categories greater than Com-
fortable at 500 Hz and for all Contour loudness
categories at both 2,000 and 4,000 Hz. Thus,
significant dynamic effects measured for group
1 were more prominently revealed at 2,000 and
4,000 Hz than at 500 Hz, but the full-treat-
ment effects generalized across frequency.

The only significant slope values measured
in this study for any of the other treatment
groups were those for group 2 for Contour
categories Loud, but OK and Uncomfortably
Loud, respectively, at 2,000 and 4,000 Hz;

these slope values were less than one third of
the magnitude of the corresponding slope val-
ues for group 1. The appreciably greater slope
values and dynamic treatment effects for group
1, compared to those measured for the other
treatment groups, are highlighted in Fig. 6.
Shown are best-fitting linear functions that
represent the average treatment change in the
Uncomfortably Loud categorical judgments
across 7 months of treatment for each group
assignment. This 7-month window captured
primary treatment changes across participants
with differing treatment periods (5 to 12
months) and also corresponded generally to
our criterion for treatment termination across
the individual participants in group 1. Within
each group, the functions are shown to be
similar for 500, 2,000, and 4,000 Hz. The
full-treatment dynamics are clearly superior to
the smaller effects obtained for the partial and
control treatments. The dynamics for control
group 4, which are virtually unchanged over the
treatment period, are noteworthy in as much as
these findings are consistent with the isolated
PSG assignment and, therefore, with the im-
plementation of a successful placebo control for
the sound therapy treatment in this study.
The normalized (to baseline) treatment
dynamics for group 1, averaged across 500,
2,000, and 4,000 Hz, are shown in Fig. 7 for
each of the seven Contour loudness categories.
The dynamic effects are shown again across the
initial 7 months of treatment. The slope values
increased systematically from a low value of
0.29 dB/mo for the Very Soft categorical judg-
ments to a high value of 1.66 dB/mo for the
Uncomfortably Loud categorical judgments.
The slope value for the comfortable judgments
was 0.70 dB/mo. This range of slope values
reflects a minimum average treatment change of
2.03 dB for the Very Soft categorical judgments
and a maximum average treatment change of
11.62 dB for the Uncomfortably Loud judg-
ments over this 7-month treatment window. By
contrast, the isolated effects of counseling for
group 2 and of sound therapy for group 3 over
this same treatment period typically averaged
~3 dB or less for the Uncomfortably Loud
categorical judgments. Again, these various
analyses reveal that the treatment dynamics
are much more robust for full-treatment group
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Figure 6 Best-fitting linear-regression functions for each group highlight mean treatment dynamics for
changes in Uncomfortably Loud categorical judgments (normalized relative to baseline values measured just
prior to treatment onset) over time of treatment shown in months. The parameter in each group panel is
measurement frequency (500, 2,000, and 4,000 Hz), identified by line type in the inset legend. Abbreviations:
CSG, conventional sound generator; PSG; placebo sound generator.

1 than for either of the partial treatment groups
or for the control treatment group.

DISCUSSION

The primary aim of this study was to assess the
validity of the basic principles underlying Ha-
zell and Sheldrake’s protocol for hyperacusisl;
their generality for the treatment of a dimin-
ished DR and related primary complaints

among our sample of hearing-impaired indi-

Change from Baseline (dB)

%mm

viduals who, prior to treatment, were unsuc-
cessful hearing aid users because of their
associated sound tolerance problems; and the
efficacy of the intervention protocol, incorpo-
rating CSGs and counseling specific to a di-
minished DR as a consequence of reduced
sound tolerance and hearing loss (aim 1). Our
secondary study aims were to delineate the
contributions from the counseling and sound
therapy components to the full-treatment pro-
tocol by comparing the treatment effects for

Uncomfartably Loud
Loud, but OK

Comfortable but Slightly Loud

Comforiable
Comforiable but Slightly Soft

Time in Months

Figure 7 Best-fitting (normalized to baseline) linear-regression functions characterize group 1 full-treatment
dynamics for each of the seven loudness categories. Changes in the loudness judgments are shown for each
category from Very Soft to Uncomfortably Loud over time of treatment in months.
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each of the partial treatments with the effects
obtained for full treatment (aim 2) and to
characterize the associated treatment dynamics
for the respective treatment assignments (aim
3). For purposes of comparison, we also mea-
sured the treatment effect and dynamics for a
control condition that was void of the counsel-
ing component and included a placebo sound
therapy component. The study outcomes are
considered next in terms of these primary and
secondary aims.

Aims

AIM 1: TREATMENT VALIDITY, EFFICACY, AND
GENERALITY

The positive results for full-treatment group 1
support the validity and efficacy of the basic
intervention principles for treatment of hyper-
acusis and related sound tolerance complaints
associated with a reduced DR. The treatment
effects also generalize to our sample of hearing-
impaired listeners who, on average, were bor-
derline for their hyperacusis condition. Specifi-
cally, the analyses presented above consistently
revealed the full-treatment protocol to be supe-
rior in efficacy to both of the partial treatments
and to the control treatment. Indeed, the
combination of the as-treated efficacy rates
for individuals in group 2, who received
counseling and used PSGs, and for the individ-
uals in group 3, who received no counseling and
used CSGs, were 25 and 40%, respectively,
whereas the efficacy rate for those in group 1
was 82%. The efficacy for control group 4
(PSGs without any counseling), albeit 50%,
must be viewed cautiously in light of having
only six contributing participants in the analysis
at treatment end. Thus, in comparison with the
efficacy rate for full-treatment group 1, the
efficacy rates for each of the partial treatment
assignments were diminished by at least 40%.
Moreover, almost invariably across the various
conditions evaluated statistically, group 1 alone
showed positive and highly significant treat-
ment change over time for the categorical
loudness judgments, and these positive effects
were typically uniform across frequency. Thus,
in terms of aim 1, the categorical loudness
judgments among the group 1 participants

consistently provided substantive support for
the treatment benefits of the combined counsel-
ing and sound therapy principles originally
described by Hazell and Sheldrake and subse-
quently incorporated into the TRT-H protocol
by Jastreboff and Hazell."*

AIM 2: CONTRIBUTIONS FROM THE
COUNSELING AND SOUND THERAPY
COMPONENTS
The second aim of this research was to delineate
the relative contributions of the counseling and
sound therapy components to the full treat-
ment. The treatment-related changes in loud-
ness growth for group 3 (revealed in the
comprehensive values of treatment change
in Table 2) were the only ones, other than
those measured for group 1, that were different
among the four treatment groups in this study.
That the conventional sound therapy treatment
(with CSGs) in isolation yielded a treatment
benefit for group 3 is not surprising. We and
others, beginning with Hazell and Sheldrake,!
have documented positive treatment effects
from use of low-level sound therapy among
normal-hearing volunteers?>?* and in various
patient groups.22’32’33 These positive treat-
ment-related changes have been ascribed to
effects on central auditory gain control process-
es induced by the low-level noise input. We do
not know the specific site(s) nor nature of the
neuronal mechanisms that are responsible for
these sound-induced treatment effects, and
these processes continue to be speculative.
The treatment effects ascribed to counseling
were, on average, negligible in our analysis
based on the results from group 2, who received
counseling in combination with sound therapy
from PSGs. Similarly, the treatment effects for
group 4, from the PSGs in isolation, were small.
In the virtual absence of an isolated
counseling effect, and with only a small to
moderate effect from conventional sound ther-
apy alone, one wonders how these components
together contributed to the much larger full-
treatment effect achieved by group 1. As noted
above, the average treatment efficacy rate from
counseling, assuming negligible treatment ef-
fects from their PSGs for group 2, was 25%,
whereas the efficacy rate for group 3, which
received sound therapy alone from CSGs, was
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40%. In aggregate, the additive contributions
from these partial treatment contributions,
when measured in isolation, accounted for an
efficacy rate (65%) that was 17% less than when
these individual components were offered to-
gether, simultaneously, in the full-treatment
protocol for group 1 (82%). However, the
17% difference between the additive effects of
the partial treatments and the efficacy estimate
for full treatment may or may not be sensible.
Again, combining the partial-treatment efficacy
rates is seemingly problematic when one con-
siders that the control efficacy rate for the small
number of participants in group 4 (n = 6) was
50% for the PSG treatment offered in isolation.
Results are needed from larger patient samples
to obtain more precise estimates of efficacy for
the partial treatment groups, which on average
were smaller than for the PSG treatment effect
for control group 4.

In contrast, evidence of a synergistic, rather
than additive treatment effect for counseling
and sound therapy in the full-treatment proto-
col seems more compelling. Consider again the
comprehensive index values of treatment
change in Table 2 (also shown by group
in Table 3). The additive index values for
groups 2 (—0.25 dB) and 3 (22.95 dB), which
were assigned counseling plus PSGs and CSGs
alone, respectively, summed to 22.70 dB,
whereas full-treatment group 1 achieved an
index value of 40.66 dB. Thus, the aggregate
effects of counseling and sound therapy in the
tull-treatment protocol were almost twofold the
additive treatment effects of these individual
components in isolation. It is remarkable that
the effects of counseling for group 2, which
were smaller in magnitude than the effects of
the placebo control treatment for group 4,
somehow served to amplify the effects of sound
therapy by a factor of two when combined in the
full-treatment protocol.

The presumptive mechanisms by which the
counseling and sound therapy components con-
tribute to the TRT-H treatment for primary
hyperacusis have been explained by Jastreboff
and Hazell in the context of Jastreboff’s neuro-
physiological model.*?* Hyperacusis in its pur-
est form is assumed in the model to be an
anomalous condition or phenomenon that pri-
marily, if not exclusively, affects the auditory

pathways. They assume no involvement of key
nonauditory brain structures such as the limbic
and autonomic nervous systems, which are
conjectured to be activated to varying degrees
among persons who suffer misophonia and
phonophobia. To the extent that hyperacusis
and the related sound tolerance conditions
among our participants can be represented in
this study as an isolated problem of the auditory
pathways, the full-treatment effects, including
the effect from counseling, seem surprising. In
this study, the synergistic counseling effects,
when considered within the context of the full-
treatment results for group 1, were effectively
equivalent in magnitude to ~6 dB in terms of
the treatment-related incremental shift in the
Uncomfortably Loud categorical judgments.
This estimate of the phantom counseling effect
and its contributions to the full treatment effect
is in agreement with at least one estimate of the
incremental LDL change from counseling
alone after 12 months of TRT.>* We can derive
this estimate of the counseling effect in the full-
treatment protocol based on a known treatment
effect of ~6 dB for normal-hearing subjects in
sound therapy-alone studies.?>?* However, the
measurable counseling effect in this study was
virtually absent in terms of the estimate of the
comprehensive index of treatment change for
group 2 (see Tables 2 and 3). We suppose this
phantom counseling effect might somehow be
mediated outside of the classical auditory path-
ways by top-down cognitive processes, ostensi-
bly via corticofugal efferent modulation. These
feedback efferent processes may be involved in
facilitating and augmenting the effects of the
sound therapy. We and others have conceived
the mechanism of sound therapy to operate
through, or on, an anomalous auditory gain
control process, probably mediated within the
central auditory pa\thwatys.10 Theoretically,
sound therapy down-regulates the abnormally
elevated central-neuronal activity that gives rise
to the reduced sound tolerance condition, and
the counseling somehow augments or reinfor-
ces the effects of sound therapy.

Alternatively, as discussed earlier, additive
efficacy rates for counseling and sound therapy
do not necessarily rule out two independent
additive processes contributing to the full treat-
ment. The counseling contribution to the full
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treatment would presumably be from cognitive
sources and the sound therapy contribution
would derive from operations on central audi-
tory pathway processes.

Baguley and Andersson have been critical
of the idea that hyperacusis is an isolated
problem of the auditory pathways." They argue
that this notion is too simplistic and that
hyperacusis likely involves an associated com-
ponent of distress, with contributions from
nonauditory processes, including the limbic
and autonomic nervous systems and other brain
structures. If so, then hyperacusis would be
better represented in the Jastreboff model as a
combined condition with misophonia (i.e., an
emotional response to sound characterized by
dislike or annoyance to specific sounds), which
may often evolve into an associated condition
with primary hyperacusis.**** Indeed, Hazell
et al analyzed 187 consecutive patients with a
diagnosis of decreased sound tolerance and
concluded that virtually all of these patients
had some degree of misophonia.36 Consistent
with the complex nature of the hyperacusis
problem is recent evidence from neuroimaging
studies suggesting that mild hyperacusis likely
involves neuronal activity in multiple central
nervous system structures within the midbrain,
thalamus, and primary auditory cortex.’” Ac-
cordingly, the underlying treatment mecha-
nisms and the sites on which the counseling
and sound therapy components in our full-
treatment protocol achieved their effects almost
certainly include actions on structures and
processes within and external to the classical
auditory pathways. Consequently, we might
reasonably conjecture that the phantom
counseling effect discussed previously may be
due to a counseling-induced reduction in the
participant’s level of distress or anxiety over the
course of the full treatment. Unfortunately, we
do not have data to support or refute this idea.
However, anecdotally, few if any of our partic-
ipants noted sound-related distress or anxiety at
baseline as a major issue.

Notwithstanding the multiple issues that
cloud the understanding of the relative contri-
butions of the counseling and sound therapy
components, it is evident that these two treat-
ment components, when offered together, sub-
stantially augment full-treatment efficacy.

Simply put, this means that the full-treatment
approach is better than either of the partial
treatments delivered in isolation. Both treat-
ment components are necessary to achieve an
optimum outcome for alleviating mild or sub-
clinical conditions of hyperacusis and related
sound tolerance complaints that restrict the DR
for persons with mild-to-moderately severe
sensorineural hearing losses.

AIM 3: TREATMENT DYNAMICS

Our third aim was to characterize the dynamics
for the full treatment, each partial treatment,
and the control treatment. Group 1 yielded
significantly different longitudinal treatment
effects relative to the treatment dynamics of
the other groups; these longitudinal effects
generalized across frequency from 500 to
4,000 Hz. The associated slope values further
highlighted the prominent positive dynamics of
the treatment effects over time of treatment for
group 1, which were routinely different from a
zero slope across all loudness categories for
2,000 and 4,000 Hz and across categories
Soft through Uncomfortably Loud for 500
Hz. The slope values for group 2 for categories
Loud, but OK and Uncomfortably Loud at
2,000 and 4,000 Hz were the only values
among any of the other treatment groups reach-
ing statistical significance. Thus, on average,
the full-treatment protocol yielded a superior
outcome when compared to the dynamic
effects for either of the partial treatments or
for the control treatment. Moreover, these full-
treatment dynamics and the positive treatment
effects may have been underestimated in as
much as our revised follow-up schedule cur-
tailed treatment as soon as consistent shifts of
>10 dB were measured in the loudness
judgments.

Finally, we noted in the presentation of the
slope values that the dynamic treatment effects
for counseling in effective isolation (group 2)
and for sound therapy (group 3) were small but
positive. When these average partial effects
were summed together for the Uncomfortably
Loud categorical judgments, the resulting pro-
jection after 7 months of treatment is that the
summed partial effects amount to less than half
of their combined full-treatment effects (i.e.,
4.9 dB versus 11.6 dB, respectively). This
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analysis of the treatment dynamics also indi-
cates that the combined counseling and sound
therapy contributions in the full treatment are
likely synergistic rather than additive.

SUMMARY AND CONCLUSIONS
Notwithstanding the small scale of this ran-
domized controlled trial and the uneven group
sizes in our as-treated analyses, the overwhelm-
ingly positive full-treatment effects, the subtle
but positive treatment effects achieved for con-
ventional sound therapy alone, and the negligi-
ble and small effects measured for the
counseling (combined with PSGs) and the
control protocols, respectively, are consistent
with the nature and efficacy of each treatment
type in this study. Accordingly, in aggregate,
the study outcome data and our analyses lend
substantive support for the validity, efficacy,
and generality of the full-intervention approach
and the underlying treatment principles de-
scribed by Hazell and Sheldrake for remediat-
ing mild degrees of hyperacusis and expanding
the auditory DR for loudness among the hear-
ing-impaired persons sampled in this study.1

Our full-treatment findings for group 1 (1)
replicate both the magnitude and dynamics of
the uncontrolled treatment effects reported by
Hazell and Sheldrake’ and (2) are in agreement
with a growing literature that reveals various
forms of enriched, wideband sound therapy, in
combination with counseling, may significantly
enhance sound tolerance in clinical popula-
tions.?? This literature includes the Neuro-
approach for tinnitus treatment,
which Davis and colleagues report yields incre-
mental LDL shifts equivalent to those reported
for patients treated with TRT.3®%

Norefia and Chery-Croze described sur-
prisingly large and rapid treatment effects for a
sound therapy-alone protocol among a group of
hearing-impaired subjects with varying degrees
of high-frequency deficits and primary hyper-
acusis.>® Their sound therapy approach, which
used a weighted, temporally complex, pure tone
composite stimulus tailored to the frequencies of
the hearing loss, called for daily exposure under
headphones to the low-level composite stimu-
lation for 1 to 3 hours. Most of their treatment
effects, based on incremental changes in cate-

monics

gorical loudness judgments, were obtained
within a couple of weeks of beginning treatment
and were on the order of that measured for our
full-treatment group 1. These rapid treatment
effects for sound therapy alone deserve further
study. Indeed, one wonders whether counseling
combined with Norefia and Chery-Croze’s
sound therapy approach might further enhance
their treatment benefit. Clearly, counseling
contributed significantly to an optimum full-
treatment benefit in the current study—whether
by virtue of participant understanding of the
intervention and goals of the treatment, promo-
tion of participant treatment compliance, en-
couragement of participant motivation, top-
down modulation and/or reinforcement of the
sound therapy effects, reduction in associated
distress, or some other way.

The findings from our study potentially
have broad clinical relevance for managing and
treating sensorineural hearing loss, with impli-
cations of the intervention principles extending
beyond the treatment of hyperacusis and tinni-
tus. Consider that our participants, on average,
were representative of a subgroup of patients
whom Jastreboff and Jastreboff have distin-
guished from individuals suffering primary hy-
peracusis.’® They describe this subgroup as
having decreased sound tolerance/no tinnitus,
with average LDLs of ~ 85-dB HL. This
subgroup presumably corresponds to hyperacusis
category 1 on the Hyperacusis Network Web site
(see  http://www.hyperacusis.net/hyperacusis).
The main concerns among our study sample
were consistent with their hearing losses and
nominal sound intolerance, as revealed by their
borderline-reduced LDLs, which together di-
minished their DRs. These problems are consis-
tent with those of patients whom one might
routinely manage in a traditional hearing aid/
audiological practice. Indeed, the most promi-
nent problems among our sample of participants
were reported when amplification was fitted
unsuccessfully or dismissed without trial because
of perceived or potential sound intolerance. The
full-treatment protocol as described in this study
may, therefore, offer benefit for widespread
treatment of diminished DR and sound-intoler-
ance conditions across the general hearing-
impaired population. This benefit includes the
treatment of persons with classical loudness
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recruitment for whom no intervention has pre-
viously been available. If so, then we have
achieved with low-level sound therapy the
long-standing, elusive clinical goal and tool
originally sought by Davis et al and Silverman,
who championed the repeated presentation of
brief high-level sound exposures to expand the
auditory DRs of hearing-impaired persons.g’9

Finally, we have focused exclusively on
group results to address the study aims in
this report. We also acquired unique case
results that highlight compelling treatment
effects and benefits for individual participants
over their course of treatment and postinter-
vention. This evidence will be considered in a
separate report that provides a deeper discus-
sion of the clinical relevance of the full-treat-
ment protocol and associated implications of
the intervention.
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APPENDIX: DESIGN/
IMPLEMENTATION OF THE
PLACEBO SOUND THERAPY
TREATMENT

First-Generation Placebo Devices

The implementation of the PSGs by GHI was
integral to the success of this clinical trial. The
placebo activation, triggered by in- and out-of-
the ear detection circuitry, was achieved with
two different strategies in this project. The
first-generation PSGs were implemented with
a gold-plated shell or case. The purpose of this
unique shell design was to optimize the detec-
tion and capture of electrical activity emitted
from the skin of the external ear and ear canal.
Specifically, this electrical signal activated and
powered the placebo-detection circuitry by
maximizing electrical conductivity and shell-
surface contact with the skin. The resulting
voltage signal from the human body then could
be optimized for detection of the placebo device
within the ear and for activation of the placebo
circuitry.

The detection strategy was implemented
with a detector circuit that used an integrated
circuit (IC) timer. A voltage applied to the
timer input produced a pulse at the output of
the timer. The input signal to the timer was the
small voltage signal produced from the skin of
the external ear and ear canal. For this small
electrical skin signal to be usable for control of

the placebo circuitry, the signal had to be
maximized for detection and transformed to a
higher voltage. Two large conductivity plates
served to maximize the collection of the small
voltage signal from the skin. The plates were
implemented on the acrylic shell surface of the
placebo device as pictured in Fig. A1A. One
plate detected the body voltage and the other
established a ground-plane reference to the
body. Gold, because of its excellent properties
of electrical conductivity, was selected as the
material for constructing the plates. The appli-
cation of the gold to the acrylic shell was
achieved through a mercury-free sputtering
process. The initial step in the process was to
mask the shell surface to outline the two plates;
a base metal then was applied to the shell to
optimize the adherence of the gold material;
and, finally, the gold was deposited electroni-
cally onto the base-metal surface of the shell to
achieve the plates. Two 1-mm holes were then
drilled through the gold-plating material to
connect the plates and the internal placebo
circuitry via a pair of gold-plated pins.
Despite the elegance of the gold-plating
process and the placebo design, two primary
modes of device failure were identified over the
period of use of the first-generation PSGs. One
failure mode was associated with the wear and
loss of the electrically conductive epoxy adhe-
sive connections between the gold-surface pins

and plates. This problem was readily resolved by

Serial # 04-34650

Figure A1 Photographs of first-generation sound generators/placebo sound generator shells. (A) Unworn
device prior to participant use. (B) Worn device at end of treatment when placebo device failure was

determined by General Hearing Instruments (GHI, Harahan, LA) for the participant assigned to group 2 but
moved to as-treated group 1. Note the significant erosion of the gold plating from the surface of the failed

worn device, which precluded normal placebo function.
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cleaning the shell surface and reapplying the
conductive epoxy. The second and appreciably
more serious failure mode occurred when the
bond between the base metal and the acrylic
shell was eroded or disrupted. The causes of this
latter form of device failure were multifaceted
and resulted from any one or a combination of
the following factors, including rough handling
of the device; acids in the cerumen of the ear
canal that disrupted the acrylic-base bond;
excessive cleaning of the shell and/or applica-
tion of abrasive cleaning products; and flawed
bonding of the base metal to the acrylic material
of the shell during the sputtering process.

The latter failure mode is obvious when
comparing the pictures of unworn (Fig. A1A)
and worn (Fig. Al1B) failed first-generation
PSGs. Note the significant erosion of the
gold plating from the surface of the worn failed
device in Fig. A1B in relation to the unworn
device shown in Fig. A1A. In the absence of the
gold plating, little or no residual contact was
achieved between the connective pins and the
base metal on the surface of the shell. Although
we suppose it may have been possible for such
damaged PSGs to continue to function via pin
conductivity alone, this seems highly unlikely
given the unique placebo design, which re-
quired a consistent voltage path of sufficient
strength, maximized by the gold plating, to
activate the placebo circuitry. We know that
significant damage or erosion to the gold-plated
surface of failed devices, like that shown
in Fig. A1B, consistently rendered the placebo
function inoperable. Consequently, these failed
PSGs acted as conventional (nondecaying)
sound generators. This conventional operation
by the failed placebo units was measured and
confirmed by the manufacturer using standard
quality control and failure assessment methods
posttreatment.

Fortunately, only 5 of the 17 participants
who were fitted with first-generation sound
therapy treatments were assigned to PSGs.
There was no indication of undue damage or
wear to the device cases for two of the five
participants assigned to the placebo devices,
and GHI engineers confirmed that the placebo
operation remained functional for both of their
PSGs at treatment end. We do not know at what
point in treatment the damaged PSGs failed for

the three affected participants; however, the
failures appear to have occurred early in treat-
ment because of unexpectedly robust treatment
effects (of the kind measured for full treatment).

The first-generation devices also were
problematic economically in that they were
costly to manufacture and required extended
periods of time to produce. The first-generation
gold-plated shells, used for both conventional
and placebo devices, were made in batches of 10
or more at an added cost of $50.00 per shell. A
batch of 10 or more shells for a processing run
by the outside vendor required an accumulation
of at least five study participants and their
acrylic shells prior to placing a batch order for
application of the gold-plating. Moreover, at
least a month was allotted for the outside
vendor to gold-plate the shells and return the
plated shells to GHI, which in turn typically
required an additional 2 weeks to build and ship
a pair of devices to the study center to start/
restart treatment. Thus, literally months went
by for some participants between the time they
were enrolled in the study and the time at which
they began treatment with their assigned sound
generator. This problem was further confound-
ed for a period of almost 1 year during which no
devices were built or repaired because of Hur-
ricane Katrina damage to the GHI manufactur-
ing operation and facilities in New Orleans,
Louisiana.

Second-Generation Placebo Devices

In light of the above problems with the first-
generation PSGs, GHI re-engineered the pla-
cebo instruments. The detector circuitry for the
second-generation PSGs relied on detection of
skin capacitance rather than skin voltage and
was sensitive to skin proximity and touch.
Consequently, dual plating on the device shell
was not required as was the case for the first-
generation devices. Instead, a 6-mm-round
contact pin was mounted into the helix of the
shell, which provided sufficient capacitive pick-
up and stability within the ear to prevent
undesirable resetting of the placebo circuitry.
This pin-contact configuration, as visualized
from the outside of the shell, is shown
in Fig. A2. The conducting-pin contact trans-
mitted the skin-conductance signal to the
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Figure A2 Photograph of second-generation sound
generator shell.

placebo detector circuitry, which was imple-
mented with a charge-transfer gq-touch IC
(Quantum Research Group, model QT 100)
(Atmel, San Jose, CA). Upon insertion of the
PSG into the ear, the QT 100 IC self calibrated
to obtain threshold and reference capacitance
levels. The output of the QT 100 IC, which
triggered placebo detection within the ear and,
ultimately, activation of the circuitry that con-
trolled the sound-decay process, then remained
active while in the ear until there was a change
in capacitance below a prescribed threshold
level. The capacitance change was monitored
for 10 counts (i.e., 70 milliseconds per count or
circuit cycle of the QT 100 IC) to prevent
erroneous readings of the capacitance change.
Upon removal of the PSG from the ear, a large
change (decrease) in the skin-capacitance level
was detected and the QT 100 IC recalibrated to
the out-of-the ear state. The IC remained idle
until the PSG was returned to the ear, which
reinitiated detection of another incremental
change in skin capacitance. This incremental
change in capacitance reactivated the self-cali-
brate in-the-ear state of the PSG circuitry.
Thus, if device contact with the skin of the
ear was lost for a period of time > 700 milli-
seconds, then the PSG unit recalibrated.
Operationally, if the PSG was removed
from the ear for more than ~1 second, then
the placebo-detection circuitry triggered a pro-
cess of resetting such that within ~3 second of
its removal from the ear the PSG output was
restored to its original, full-on, steady-state
volume setting. This operational strategy was
integral to successful double blinding of both the
clinician and study participant as to sound
therapy treatment assignment. Specifically, sub-
sequent to the clinician performing a listening

check to confirm the out-of-the-ear device
output, reinsertion of the PSG within the ear
activated the IC detection circuitry to recalibrate
for in-the-ear operation. In turn, this recalibra-
tion process retriggered activation of the placebo
output decay process, which was controlled with
circuitry described below. This latter circuitry
was common to both the first- and second-
generation placebo devices.

Placebo Device Circuitry

The first- and second-generation detection
circuits activated the same volume control cir-
cuitry for the PSGs. Both detection circuits
generated an output voltage, either high or low,
to designate whether the placebo devices were
operating in an in-the-ear or out-of-the-ear
status, respectively. This control-voltage signal
was applied to the gates of a quad MOSFET
switch (Analog Devices, model AD6783) (An-
alog Devices, Norwood, MA) to regulate: an
electronic volume control (Sound Design
Technologies, model 1v-560) (Sound Design
Technologies, Burlington, Ontario, Canada);
the up and down electronic volume-control
logic (i.e., for augmentation or attenuation of
the noise output), and the time constants of the
electronic volume control. The time constants
controlled the timing of: (1) the rapid restora-
tion of the full-on steady-state volume output
after removal of the PSG from the ear and (2)
activation of the sound decay function after 30
to 40 minutes of in-the-ear placebo operation.
At power on, a high pulse applied to the gate of
the quad MOSFET switch put the electronic
volume control into the volume up mode with a
very fast time constant (i.e., seconds). This
rapid activation of the volume-up mode set
the noise output to the clinician-set maximum
volume. The circuit remained in this state until
the PSG was inserted into the ear, at which
time the quad MOSFET switch activated the
volume-down mode of the electronic volume
control with a very long time constant (i.e.,
minutes). The output of the PSG remained
constant for 30 to 40 minutes, subsequent to
which the circuit triggered a decrease in the
noise volume (as the countdown capacitors
charged and discharged between one- and
two-thirds voltage regulators). This decay
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process systematically attenuated the noise out-
put of the placebo device below the audibility
threshold of the participant. The duration of
the sound-decay process, subsequent to its
initiation, was usually complete within 20 to
30 minutes. The duration of the decay ulti-
mately was dependent on the magnitude of the
participant’s dynamic range set by the placebo
output steady-state suprathreshold noise levels
and the threshold-dependent subaudible noise
levels. The PSG remained in the subaudible
silent state until removed from the ear, which in
turn generated a reset pulse to the volume
circuitry to restore maximum noise output.

A transconductance block, housed within
the electronic volume control circuit, was
used as a feedback resistance to control the
gain of a linear-d amplifier (Sound Design
Technology, model gs-3024). The analog

output of this amplifier was then routed to

the input of a pulse width modulator
(Knowles Electronics, model <d3418)
(Knowles Electronics, Itasca, IL), which con-
verted the analog signal into an on/off pulsed-
duty-cycle signal. This latter signal then was
sent through a set-screw volume control,
which attenuated the full-on, steady-state
maximum output from the electronic volume
control circuit to regulate the amount of noise
delivered to the participant. The same signal
was routed to the receiver for control of the
acoustical output of the PSG.

An example of a typical output-decay
response versus time-after-activation (upper
graph of decay curve) function for the resulting
analog PSG is shown in Fig. A3A. Shown
in Figs. A3B and A3C are typical frequency
response (lower left graph) and output response
(lower right graph displaying dynamic range)
curves for this PSG.

Figure A3 Output decay response curve (A), frequency response curves at minimum and maximum output
settings (B), and dynamic range response (C) of a typical placebo sound generator used in this study.

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.





