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A B S T R A C T

Purpose: Tinnitus retraining therapy (TRT) has been widely used for 30 years,
but its efficacy and the component contributions from counseling and sound
therapy remain controversial. The purpose of this secondary analysis from the
Tinnitus Retraining Therapy Trial (TRTT) was to compare treatment response
dynamics for TRT (counseling and conventional sound generators) with partial
TRT (pTRT; counseling and placebo sound generators) and standard of care
(SOC; a patient-centered counseling control).
Method: The TRTT randomized 151 participants with primary tinnitus (no signifi-
cant hearing or sound tolerance problems) to TRT, pTRT, or SOC, each of which
encouraged use of enriched environmental sound. The primary outcome, mean
change in Tinnitus Questionnaire score assessed at baseline and follow-up
across 18 months, was normalized for a common baseline and fitted with an
exponential model. Time constants were estimated to quantify and compare the
treatment response dynamics, which were evaluated for statistical significance
using bootstrap analyses.
Results: The change in response to TRT took less time to achieve than that for
either pTRT or SOC, as demonstrated by time for normalized Tinnitus Question-
naire scores to decline to 63% and 99% of baseline TRT values: 1.2 months
(95% CI [0.2, 1.9]) and 5.7 months (95% CI [0.9, 9.0]), respectively. Correspond-
ing SOC values were 2.7 months (95% CI [1.5, 4.1]) and 12.4 months (95% CI
[6.9, 19.0]), while those for pTRT were 2.2 months (95% CI [1.2, 3.4]) and
10.1 months (95% CI [5.7, 15.9]). The differences were significant for TRT ver-
sus SOC (p = .020), borderline significant for TRT versus pTRT (p = .057), but
nonsignificant for pTRT versus SOC (p = .285). The magnitude of the asymp-
totic treatment response did not differ significantly among groups.
Conclusion: Sound generator use in TRT increases treatment efficiency
(beyond any advantage from enriched environmental sound) without affecting
treatment efficacy (determined by counseling).
a.edu. Disclosure:
ial or nonfinancial
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Since its origin in the early 1990s, tinnitus retraining
therapy (TRT) has been a widely used, but controversial,
intervention at the forefront of clinical approaches for
treating subjective tinnitus (Jastreboff, 2015). This influ-
ential nonmedical intervention has at its core the neuro-
physiological model of tinnitus proposed by Jastreboff
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(Jastreboff, 1990). The neurophysiological model assumes
that maladaptive interactions between the auditory system
and conscious and subconscious processes within the brain
result in negatively learned responses to the tinnitus. It is
these negative reactions that give rise to clinically signifi-
cant tinnitus. The primary objective of TRT is habituation
of negatively learned responses (i.e., conditioned reflexes)
between the auditory system and the limbic and auto-
nomic nervous systems. These latter processes are conjec-
tured to contribute to the primary tinnitus-related distress
and inordinate negative physiological responses that exac-
erbate the tinnitus condition. Subsequent to habituation of
the negative reactions to the tinnitus, TRT theory posits
that habituation of the awareness of the tinnitus will fol-
low in due course.

The TRT protocol begins with audiological and
medical evaluations to categorize the patient’s problems
and rule out a medical or surgical cure (Gold et al., 2021).
Armed with this information, the clinician can then offer
the habituation-based TRT intervention to address the
patient’s tinnitus problem (while also managing associated
hearing and sound tolerance problems if these coexist with
the tinnitus) through prescribed counseling and sound
therapy principles within the context of Jastreboff’s neuro-
physiological model (Jastreboff & Hazell, 2004). A funda-
mental purpose of the counseling is to reduce fears of and
misconceptions about the tinnitus condition, along with
apprehension associated with the underlying mechanisms
that may give rise to the tinnitus problem; this initiating
step sets in motion the process of habituation of the nega-
tively learned reactions to the tinnitus, leading to reclassi-
fication of the tinnitus as a neutral stimulus. The second
component of the TRT intervention, namely, the use of
therapeutic sound, is intended to decrease the strength of
the tinnitus-related neuronal activity (Jastreboff, 2015). In
TRT, this objective is achieved by reducing the contrast
between the tinnitus signal and the increased therapeutic
sound background. Ostensibly, an ancillary effect of the
therapeutic sound is downregulation of elevated tinnitus-
related neuronal activity associated with maladaptive
increases in central auditory gain. This latter effect may
also contribute to a decrease in the tinnitus strength. In
TRT, sound therapy is thought to facilitate habituation of
the perception (awareness) and, ultimately, the impact of
the tinnitus (Jastreboff & Hazell, 2004).

Critics of TRT have for more than 2 decades called
for a definitive trial to assess the efficacy of TRT and, sec-
ondarily, to delineate the mechanistic contributions from
the counseling and sound therapy components in the TRT
treatment (Formby & Scherer, 2013; McKenna & Irwin,
2008; Tyler et al., 2012; Wilson et al., 1998). In the
absence of such a trial, the Tinnitus Retraining Therapy
Trial (TRTT) was undertaken to address these long-
standing issues and concerns (Scherer & Formby, 2019).
Formby
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Briefly, the TRTT was a National Institutes of Health–
sponsored, Phase III, multisite, double-blind, placebo-
controlled, randomized trial that was designed to evaluate
the definitive efficacy of TRT and the contributions to
TRT from counseling and sound therapy achieved with
sound generators (Scherer & Formby, 2019). We have pre-
viously described the TRTT in detail in a series of linked
reports, including a summary presentation of the findings
(Scherer & Formby, 2019). These past reports have docu-
mented the rationale (Formby & Scherer, 2013); design
protocol (Scherer et al., 2014); the study participants, their
recruitment, description, qualifications, enrollment, and
randomization (Scherer & Formby, 2019; Scherer et al.,
2014); the study treatments and their selection and imple-
mentation (Erdman et al., 2019; Gold et al., 2021; Scherer
& Formby, 2019; Scherer et al., 2014); the study organiza-
tion and participating study sites (Formby & Scherer,
2013; Scherer & Formby, 2019); the outcome measures
and collection schedule (Formby & Scherer, 2013; Scherer
& Formby, 2019; Scherer et al., 2014); the statistical plans
for powering the trial and analyzing the outcomes
(Scherer & Formby, 2019; Scherer et al., 2014); efforts to
ensure study protocol fidelity and adherence (Scherer
et al., 2014, 2020); and study challenges and limitations in
conducting the TRTT (Formby & Scherer, 2019; Scherer
& Formby, 2019; Scherer et al., 2018).

This report follows up on a potentially significant
observation, not previously considered in the primary
analyses of the TRTT, namely, evidence of clinically
meaningful differences in the rates of response to treat-
ment among the three interventions studied in the TRTT.
This is an obviously important practical clinical issue in
the treatment of debilitating subjective tinnitus inasmuch
as most of us if given the option to recommend or chose
among two or more treatments for debilitating tinnitus,
each of which yields similar long-term positive outcomes,
would likely select the treatment option that achieves this
ultimate result the fastest. Here, we formally evaluate this
observation in secondary analyses of the primary outcome
measure used in the TRTT. These new analyses are
focused on quantifying, describing, and comparing the
treatment response dynamics for TRT and the comparison
interventions implemented in the TRTT. These analyses
reveal and highlight the contributions to TRT from counsel-
ing and sound generator use in the TRTT.
METHOD

As noted above, the study protocol, description of
the participants and treatments, and all methodological
aspects of the TRTT have been documented fully in multi-
ple publications linked to the TRTT. Thus, we provide
here an abbreviated overview of the previously described
et al.: Counseling & Sound Generator Contributions in TRT 817
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methods, with primary focus in this report on the analyses
implemented to assess differences in the treatment response
dynamics among the interventions in the TRTT.

Subjects

The adult study participants (n = 151; Mage =
50.6 years) included active duty, retired members of the
military, and dependents who qualified for care at partici-
pating military medical centers. Approximately 70% of the
participants were males. Each participant suffered chronic
(> 1 year) moderate-to-severe tinnitus (a score ≥ 40 on the
Tinnitus Questionnaire [TQ]; Hallam, 1996) that could
not be managed medically or surgically. The participants,
who presented with functionally adequate unaided hearing
sensitivity (i.e., median hearing thresholds ≤ 10 dB HL at
250–2000 Hz; ≤ 20 dB HL at 4000 Hz; and ≤ 30 dB HL
at 6000 and 8000 Hz), denied significant sound tolerance
problems (i.e., primary hyperacusis, misophonia, or phono-
phobia) and exhibited primary tinnitus generally consis-
tent with Jastreboff Type 1 categorization (Jastreboff &
Hazell, 2004; Scherer & Formby, 2019). This category of
individuals with primary tinnitus was targeted because
they were most likely to adjust to sound generator use and
enriched sound therapy with minimal difficulty. Moreover,
their sound generator use was unlikely to be confounded
by elevated hearing thresholds. By contrast, individuals
presenting with significant hearing loss (requiring amplifi-
cation) and/or sound intolerance represented a more for-
midable challenge for implementing therapeutic sound
enrichment in a successful intervention for tinnitus and,
thus, they were excluded from the TRTT. All participants
were screened for specified inclusion/exclusion criteria and
provided approved informed consents per their respective
institutional review board guidelines (Scherer & Formby,
2019; Scherer et al., 2014).

Interventions

The participants were randomized with equal likeli-
hood to one of three intervention groups:

(a) The TRT group (n = 51) received tinnitus (direc-
tive) counseling and sound therapy from wearable sound
generators as described by Jastreboff and Hazell (2004).
The tinnitus counseling followed a scripted protocol that
included a checklist of topics beginning with an introduc-
tion to the overarching goal of habituation of the tinnitus
by TRT (Gold et al., 2021). The counseling then reviewed
the participant’s audiometric results, including any evi-
dence of hearing loss or sound intolerance (as measured
by loudness discomfort levels), and documentation of the
participant’s tinnitus pitch and loudness matches. This
review was followed by a brief description of the periph-
eral and central auditory system anatomy and physiology.
818 Journal of Speech, Language, and Hearing Research • Vol. 65 • 8
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The counseling then transitioned to a presentation of the
critical concepts and principles of TRT that are necessary
for understanding tinnitus, its associated distress, and
annoyance within the context of Jastreboff’s neurophysio-
logical model of tinnitus. This counseling included the pre-
sentation of the TRT objectives of habituation of the neg-
ative reactions to the tinnitus, followed by habituation of
the awareness and, ultimately, the tinnitus impact. These
counseling concepts were reinforced at scheduled follow-
up visits across the 18-month TRT intervention period.

The conventional sound therapy was implemented
with ear-worn sound generators, supplied by General
Hearing Instruments, Inc. These instruments, which were
based on the digital platform used in their Tranquil model,
were fitted bilaterally to produce continuous low-level
broadband noise. The noise output was matched for loud-
ness between the ears within an acceptable range of levels
for each participant. The volume setting of each sound gen-
erator was initially adjusted to locate the “mixing point”
(i.e., the level at which the therapeutic noise blended with
the tinnitus) and then was reduced to avoid output levels
inducing annoyance or communication difficulties. After
acceptable upper level volume settings were selected and
matched for loudness between the ears, the participant
had a range of 4 dB (in steps of 2 dB) over which to
reduce the output volume of the therapeutic noise from
each sound generator. Volume settings near detection
threshold that potentially might elicit an amplifying effect
from stochastic resonance were avoided by restricting the
output levels near the low end of the volume range. These
therapeutic conditions were generally consistent with those
proposed by Tyler and Bentler (1987) and, subsequently,
promoted by Jastreboff and Hazell (2004) and Jastreboff
(2016). Over the course of their interventions, the sound
generator output settings were monitored and adjusted as
needed to accommodate each participant’s treatment at
follow-up visits.

(b) The partial TRT (pTRT) group (n = 51) received
the same tinnitus counseling as that provided to the TRT
group (Gold et al., 2021), but the bilateral therapeutic
noise was produced by short-acting, double-blind placebo
sound generators (Scherer & Formby, 2019). These sound
generators were similar in appearance to the conventional
sound generators described above, and they were fitted sim-
ilarly. However, following initial activation, the placebo
sound generators produced a constant low-level broadband
noise (set at acceptable levels below the mixing point) for
the first 40 min of operation, after which the placebo out-
put began a gradual decay process (over the next 30 min of
use) to silence (Scherer & Formby, 2019). This output
decay process took advantage of the natural perceptual
adaptation that routinely occurred in response to ongoing
exposure to the low-level therapeutic noise; this perceptual
decay was an important process and concept in the success
16–828 • February 2022
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of the double-blind placebo sound generators. Accord-
ingly, the expectation that the therapeutic noise output
would perceptually decay over time was reinforced in the
counseling and fitting process for all sound generators.
The placebo sound generator output also was designed
to reset to its original volume setting within 3 s of removal
from the ear, which further facilitated double-blinding of
the participant and clinician when either attempted to
check the operation of the placebo devices outside of the
ear. Follow-up for the pTRT group was the same as that
described for Group 1.

(c) The standard of care (SOC) group (n = 49)
received a patient-centered counseling intervention that
aligned with American Speech-Language-Hearing Associa-
tion tinnitus treatment guidelines (American Speech-
Language-Hearing Association, 2006) and with care for
tinnitus in the participating medical centers (Erdman
et al., 2019). The emphasis of SOC was on the partici-
pant’s tinnitus symptoms, with the goal of reducing the
negative cognitive, affective, physical, and behavioral reac-
tions to the tinnitus. The SOC counseling concepts were
reinforced at follow-up visits across the period of interven-
tion. Each of the three interventions encouraged participant
exposure to enriched environmental sound at all times
(Scherer & Formby, 2019), but wearable sound generators
were not issued nor allowed for use by the SOC group.

Primary Outcome

The primary outcome for the TRTT was change in
the TQ assessed at baseline and across 18 months of
follow-up at 3, 6, 12, and 18 months (Scherer & Formby,
2019). The TQ is a 52-item self-report questionnaire for
quantifying tinnitus symptoms across five subscales (Psy-
chological Distress, Intrusiveness, Hearing Difficulties,
Sleep Disturbances, and Somatic Symptoms; Hallam,
1996). Higher TQ scores (maximum score 102) indicate a
greater tinnitus problem. The efficacy of TRT was evalu-
ated by comparing TQ scores for TRT versus SOC; the
contribution of counseling was assessed by comparing TQ
scores for pTRT versus SOC; and the contribution of the
sound generators was determined by comparing TQ scores
for TRT versus pTRT (Scherer & Formby, 2019; Scherer
et al., 2014). The primary analysis was based on intention
to treat, including all available TQ scores except those
from participants with no follow-up visits (Scherer &
Formby, 2019).

Quantitative and Statistical Analyses

In the summary report of the TRTT outcomes
(Scherer & Formby, 2019), we concluded in our primary
analysis that all three intervention groups, TRT, pTRT,
and SOC, achieved significant treatment effects, but we
Formby
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found no significant differences in the magnitudes of the
TQ scores among the groups at the end of treatment. There
was, however, an apparent trend in the TQ scores suggest-
ing that the TRT group achieved a positive response to
their intervention earlier than that for either of the other
groups. The primary TRTT analysis was not designed to
evaluate group differences in treatment response dynamics
and, therefore, would not necessarily have detected such
differences. Accordingly, in this secondary analysis, we
have reanalyzed the TQ scores with focus on time constants
derived from exponential models fitted to TQ change scores
across visits. The resulting time constants enabled us to
quantify and assess differences in the treatment response
dynamics between and across groups.

The change scores for each group were normalized
by subtracting each participant’s TQ score at each study
visit from his/her baseline score to determine the group
mean change in TQ score at each study visit. Best-fitting
exponential functions were then fit to the respective sets of
mean TQ change scores for each group (Billingsley, 1986;
Hoffman, 2015; Littell et al., 2006; SAS, 2015). Time con-
stants were derived from coefficients fitted for each expo-
nential model. The resulting time constants quantified the
time points (in months from baseline) at which the change
scores declined (improved) by 63% (TQ63) and 99%
(TQ99) relative to baseline and where 100% is represented
by the asymptote. These time constants, which are desig-
nated τ63 and τ99, respectively, are consistent with those
commonly used in scientific and engineering applications
to characterize response dynamics; the latter time constant
effectively quantifies the time point at which the response
becomes asymptotic. The derivation of the TQ63 and
TQ99 values and the corresponding time constants are
illustrated in the Appendix to this report. The Appendix
also includes a presentation of the general equation, the
coefficients for fitting the exponential model, and a
description of its implementation in our analyses of the
treatment response dynamics.

Parametric statistical analyses to evaluate differences
in the time constants between individual participants or
between the groups were not applicable in this study. In
the former case, the problem with parametric statistics
arose because the individual participants differed widely in
the number of follow-up visits (i.e., 1, 2, 3, or 4) for which
TQ scores were available to fit the exponential model
(across the 18-month period of their interventions). Conse-
quently, it was impractical to fit the exponential model
and derive sensible time constants when, in some cases,
participants had TQ scores at only one or two follow-up
visits (which was consistent with the TRTT intention-to-
treat analysis plan). In the case of the group data, it was
obviously not possible to conduct parametric tests to com-
pare group mean time constants for statistical differences
when only a single exponential model was available per
et al.: Counseling & Sound Generator Contributions in TRT 819
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group. We therefore turned to bootstrap resampling,
which is an established nonparametric statistical approach
that has been widely used to calculate p values and 95%
confidence intervals (CIs) by resampling and comparing
group data from original data sets (Efron & Tibshirani,
1993; Konietschke & Pauly, 2014). Indeed, the bootstrap
approach has been advocated for use in communication
disorders research (Rietveld & van Hout, 2015) and has
recently been described and implemented in audiological
research (Chesnaye et al., 2021).

For our bootstrap analyses, we resampled (with ran-
dom replacement) each of the original sets of TQ change
scores for each treatment group. We repeated this resam-
pling process 10,000 times to create 10,000 bootstrap sam-
ples, each containing 10,000 exponential models for each
group. Each of these models provided estimates of the
corresponding τ63 and τ99 values. To compare the respec-
tive model time constants between treatment pairs, we
then calculated p values as the proportion of those 10,000
time constants that were inconsistent with the correspond-
ing time constants estimated from the original set of TQ
change scores for paired treatments (Wicklin, 2009). That
is, to compare groups, we took the group having a smaller
original τ63 (or τ99) value than that for either of the other
groups and, for that group (with the smaller original time
constants), calculated the total number of exponential
models with time constant values exceeding those of either
of the other groups with the larger original τ63 or τ99
values. We then divided the resulting value for either τ63
or τ99 by 10,000 to derive the p value for the respective
paired treatment comparison. So, for example, for the orig-
inal set of fitted TQ change scores, both the τ63 and τ99
values estimated for the TRT group were smaller than the
corresponding values for either pTRT or SOC, so we calcu-
lated the p value based on the total number of exponential
models for TRT with time constants greater than the corre-
sponding original time constant values for either pTRT or
SOC. The same process then was repeated to calculate the
p value for pTRT versus SOC, with the respective time
constants for pTRT expected to be somewhat smaller than
those for SOC per the original data sets.

To assess the practical significance of mean differ-
ences in the bootstrap time constants for TRT versus
SOC, TRT versus pTRT, and pTRT versus SOC, we eval-
uated effect sizes by calculating Cohen’s d values for each
mean pair (Cohen, 1988). These effect sizes represent the
standardized difference between the mean pairs. Cohen’s d
was calculated by dividing the mean difference between
each pair of group time constants by the pooled standard
deviation. The Cohen’s d calculation is independent of
sample size, making it well suited for evaluation of mean
differences between pairs of group time constants from
our bootstrap analyses. In addition to the bootstrap analy-
ses of the time constants, we conducted an independent
820 Journal of Speech, Language, and Hearing Research • Vol. 65 • 8
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post hoc analysis using approximate F tests (Hoffman,
2015) to assess significant differences in the exponential
(whole-curve) models between groups.
RESULTS

The fitted TQ change scores are shown in Figure 1
for the treatment groups we paired to evaluate TRT effi-
cacy and to assess the contributions from counseling and
sound generator use. It is evident in Figure 1 that TRT
affects a more rapid early improvement in the tinnitus
condition than that achieved by either pTRT or SOC.
Moreover, asymptotic improvement is achieved before
treatment end by all three treatments and is achieved
much earlier for TRT than for either pTRT or SOC.
These treatment response dynamics are quantified in
Table 1 in which the time constants and corresponding
TQ63 and TQ99 change scores are shown for each inter-
vention. The time constants for TRT (τ63 = 1.2, 95% CI
[0.2, 1.9]; τ99 = 5.7, 95% CI [0.9, 9.0]) are about half the
values estimated for either pTRT (τ63 = 2.2, 95% CI [1.2,
3.4]; τ99 = 10.1, 95% CI [5.7, 15.9]) or SOC (τ63 = 2.7,
95% CI [1.5, 4.1]; τ99 = 12.4, 95% CI [6.9, 19.0]), which
are similar. These results suggest that TRT with sound
generator use appreciably accelerated the tinnitus treat-
ment response time when compared with that for either
pTRT or SOC. This outcome was observed notwithstand-
ing that all three groups achieved similar asymptotic TQ99

values (TRT = −19.7; pTRT = −19.8; SOC = −16.5).
This latter result is consistent with an independent analysis
that yielded insignificant differences among the exponen-
tial models fitted to the TQ change scores for the three
treatment groups (F = 1.33; p = .248; df (numerator) = 6;
df (denominator) = 150; Billingsley, 1986; Littell et al.,
2006). This statistically insignificant finding is not a sur-
prising result inasmuch as the TQ change scores were
essentially asymptotic and equivalent across the three
groups at the 12- and 18-month visits. This finding indi-
cates that additional time in their respective interventions
beyond about 12 months afforded no further treatment
benefit for any of the groups. Accordingly, because of this
plateauing effect, the analysis of whole-curve differences
among the exponentials was insensitive to the group dif-
ferences in the treatment response dynamics that were
indexed by the time constants. That is, these latter differ-
ences in the treatment response dynamics, quantified by
the time constants, were primarily occurring by or before
12 months into each intervention.

Consequently, to test whether the time constants for
the TRT group were meaningfully smaller than those for
either of the other groups, we followed up with the boot-
strap analysis. The results from this analysis are shown in
Table 2 in which group mean bootstrap time constants,
16–828 • February 2022
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Figure 1. Fitted exponential models to TQ change scores. TQ
change scores as a function of treatment visit for paired compari-
sons of the treatment groups indicated in the inset legend of each
panel. Best-fitting exponential models and associated confidence
limits are superimposed on each pair of change scores. Larger
negative TQ change scores represent greater improvement over
the course of an intervention. Time constants and corresponding
TQ change scores also are denoted for each treatment group.
SOC = standard of care (patient-centered counseling control); τ63
and τ99 = time constants derived from the exponential model
quantify the time points (in months from baseline) at which the TQ
change scores improved by 63% and 99%, respectively; TRT =
tinnitus retraining therapy (TRT counseling and sound generator
use); CI = confidence interval; pTRT = partial tinnitus retraining
therapy (TRT counseling and placebo sound generator use); TQ =
Tinnitus Questionnaire.

Formby
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averaged for 10,000 exponential models, and the p values
for statistical comparisons of the paired groups are pre-
sented for τ63 and τ99. The bootstrap means for τ63 and
τ99, 1.2 and 5.5 months, respectively, for TRT are less
than half of the respective values, 2.7 and 12.5 months,
for SOC. Likewise, the TRT bootstrap time constants are
similarly smaller than the corresponding τ63 and τ99
values, 2.2 and 10.3 months, for pTRT. It is reassuring
that the bootstrap time constants in Table 2 are in excel-
lent agreement with the corresponding values in Table 1
derived from fitting the original set of TQ change scores.

The p values for the paired groups, estimated rela-
tive to the original group time constants, are significantly
different (p = .020) for TRT versus SOC for both τ63 and
τ99 and are borderline significant (p = .057) for both time
constants for TRT versus pTRT. By contrast, there are
only small insignificant differences (p = .285) between the
respective time constants for SOC versus pTRT.

A direct comparison of the group mean bootstrap
time constants shown in Table 2, assessed by calculating
Cohen’s d values, yielded effect sizes of 2.73 (95% CI
[2.68, 2.78]), 2.08 (95% CI [2.04, 2.12]), and 0.76 (95% CI
[0.73, 0.79]) for the comparisons of TRT versus SOC,
TRT versus pTRT, and pTRT versus SOC, respectively.
(The τ63 and τ99 time constants were derived from the
same exponential models within the same group; there-
fore, the effect size for both time constants was the same
for each paired comparison of the group mean differences.
Thus, only a single common Cohen’s d value is reported
above for τ63 and τ99.) Cohen’s d values larger than 2.0
represent a difference between a pair of means that is
larger than 2 SDs, which is considered a “huge” effect size
(Sawilowsky, 2009). Thus, the effect sizes for TRT versus
SOC and for TRT versus pTRT are highly significant,
and even that for pTRT versus SOC represents a
medium effect size. Accordingly, the mean bootstrap time
constants for TRT, pTRT, and SOC differ meaningfully
among themselves and these differences represent effect
sizes that are potentially of real clinical importance, espe-
cially those for TRT versus SOC or pTRT.
DISCUSSION

The Contribution of Sound Generator
Use in TRT

The obvious and parsimonious conclusion from the
analyses reported here is that the ongoing exposure to
controlled low-level broadband noise from sound genera-
tors in the TRT assignment accelerated the treatment
response in comparison with that for either pTRT or
SOC. Sizable early treatment effects, representing 63%
improvement and an almost twofold minimal clinically
et al.: Counseling & Sound Generator Contributions in TRT 821
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Table 1. TQ63 and TQ99 change scores and corresponding time constants for each TRTT treatment group.

Group

TQ change scores Time constants (in months)

TQ63 TQ99 τ63 τ99

M (95% CI) M (95% CI) N (95% CI) N (95% CI)

TRT −12.5 [−15.3, −9.9] −19.7 [−24.0, −15.6] 1.2 [0.2, 1.9] 5.7 [0.9, 9.0]
pTRT −12.6 [−15.5, −9.8] −19.8 [−24.3, −15.5] 2.2 [1.2, 3.4] 10.1 [5.7, 15.9]
SOC −10.5 [−13.4, −7.7] −16.5 [−21.1, −12.1] 2.7 [1.5, 4.1] 12.4 [6.9, 19.0]

Note. TQ63 and TQ99 = Tinnitus Questionnaire (TQ) change scores corresponding to 63% and 99% improvement in the tinnitus condition
relative to baseline and where 100% is represented by the asymptote (i.e., plateauing of the treatment response); TRTT = Tinnitus Retraining
Therapy Trial; τ63 and τ99 = time constants derived from the exponential model quantify the time points (in months from baseline) at which
the TQ change scores improved by 63% and 99%, respectively; M = mean change in TQ change score; CI = confidence interval; N = num-
ber of months from baseline; TRT = tinnitus retraining therapy (TRT counseling and sound generator use); pTRT = partial tinnitus retraining
therapy (TRT counseling and placebo sound generator use); SOC = standard of care (patient-centered counseling control).
significant reduction in the TQ-assessed tinnitus symptoms
(relative to baseline; Scherer & Formby, 2019), occurred
shortly after the first month of TRT with sound generator
use. By contrast, comparable early treatment effects for
pTRT and SOC were relatively prolonged by approxi-
mately a factor of two. Similarly, participants assigned to
these latter treatments required approximately twice the
time of treatment to reach an asymptotic outcome com-
pared to those designated to TRT using sound generators.
Thus, because only TRT afforded the benefit of a con-
stant uniform therapeutic sound source over the course of
the TRTT, the most sensible explanation for the sizable
differences in the treatment dynamics for TRT compared
with either pTRT or SOC is the use of sound generators
in TRT. This is a clinically meaningful finding inasmuch
as the benefit from sound generator use in TRT can now
be explained to the tinnitus patient in terms of a tool for
enhancing the efficiency of the intervention by several
months. It is tempting to conjecture here that sound gen-
erator use also would be expected to accelerate other
counseling interventions for tinnitus. This conjecture
assumes that non-TRT interventions also would be advan-
taged by sound-induced reduction in the awareness of tin-
nitus, which, in turn, would diminish activation of those
Table 2. Bootstrap model time constant estimates and corresponding p
ment group comparisons.

Model time constant estimates (months)

Group TRT pTRT SOC

τ63 1.2 2.2 2.7
τ99 5.5 10.3 12.5

Note. TRT = tinnitus retraining therapy; pTRT = partial tinnitus retrainin
time constants derived from the exponential model quantify the time p
improved by 63% and 99%, respectively, relative to baseline and where
tion response).

*p value determined using bootstrap methods.
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processes that give rise to the negative reactions to the
tinnitus.

It is important here to place the contribution of
sound generator use in context with our previous findings
and conclusions from the TRTT. The primary conclusion
from the TRTT was that, after 18 months of intervention,
TRT, SOC, and pTRT all produced statistically and clini-
cally meaningful treatment effects as shown by compara-
ble changes (improvements) in the magnitude of the TQ
scores from baseline to end of treatment (Scherer &
Formby, 2019). There were no statistical differences
among the interventions in the primary analysis of the
TRTT, which is consistent with the finding in this report
that there were no statistically significant group differences
among the fitted full-curve exponential models. Thus, the
summary conclusions from the primary analyses of the
TRTT outcomes remain unchanged with respect to the
analyses in this report.

What is new and important in this secondary analy-
sis of the time constants, derived from the same data set
used in conducting the primary analysis for the TRTT, is
the finding of a clinically meaningful advantage in terms
of the treatment response dynamics achieved with sound
generator use; this advantage translates into an
values from statistical tests of the time constants for paired treat-

p value*

TRT vs. SOC TRT vs. pTRT pTRT vs. SOC

.020 .057 .285

.020 .057 .285

g therapy; SOC = standard of care; p = probability; τ63 and τ99 =
oints (in months from baseline) at which the TQ change scores
100% is defined by the asymptote (i.e., plateauing of the interven-
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accelerating treatment benefit for the full TRT interven-
tion. Furthermore, we now know that because each of the
three interventions in the TRTT encouraged participant
exposure to enriched environmental sound at all times, the
accelerated TRT treatment effect from sound generator
use provided a clinically meaningful therapeutic advantage
beyond that achieved with enriched environmental sound.
Thus, these are previously undocumented advantages for
sound generator use in TRT. The accelerating advantage
for sound generators, early on in the TRT intervention,
has not previously been recognized in guidelines for TRT
or other tinnitus treatment options (Cima et al., 2019;
Tunkel et al., 2014). Consequently, a recommendation for
sound generator usage in TRT should be considered in
terms of accelerating the therapeutic response to an
asymptotic outcome rather than that of affecting the mag-
nitude of the asymptotic treatment response. We have
conjectured elsewhere that the counseling component of
TRT is likely the primary determinant of the latter (Gold
et al., 2021; Scherer & Formby, 2019).

This thinking is consistent with other evidence and
analyses of TRT, and with the tinnitus treatment literature
in general, most of which largely discount the contribution
of sound generators in favor of a primary role for counsel-
ing in tinnitus treatment (Cima et al., 2019; Hoare et al.,
2014; McKenna & Irwin, 2008; Tunkel et al., 2014). The
question then becomes what is the mechanism by which
sound generator use in the TRTT promoted acceleration
of the TRT treatment response?

Mechanisms Underlying the Expeditious
Sound Generator Effect in TRT

Consider that most, if not all, forms of sound ther-
apy used in tinnitus treatment, including sound generator
use in TRT, assume a role in reducing the perception (or
awareness) of the tinnitus (Hoare et al., 2014). This posi-
tive effect of sound generators in TRT is intended to
reduce the tinnitus-related neural activity (Jastreboff,
2015). This fundamental concept was promoted in the
counseling of both TRT and pTRT participants using a
visual contrast analogy of a lighted candle viewed in dark-
ness being perceived as much brighter than in sunlight.
Likewise, the augmentation of the acoustic background in
the TRTT, using therapeutic noise delivered by sound
generators, was prescribed for both the TRT and pTRT
groups to reduce the perceived strength of the tinnitus by
diminishing the contrast between the levels of the tinnitus
and the enhanced acoustic background (Gold et al., 2021).
However, in the latter case, the therapeutic noise delivered
by the short-acting placebo sound generators was purposely
ineffectual.

To the extent that sound generator use in TRT
reduced the participants’ awareness of the tinnitus and
Formby
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their attention to it, one would also expect reduced
tinnitus-induced activation of the reactionary nonauditory
processes (i.e., limbic and autonomic nervous system
structures) that mediate the debilitating impact of tinnitus
(Hoare et al., 2014). For the TRT group, these faciliatory
treatment effects began the moment that the sound gener-
ators were activated at onset of treatment with the
counseling. In contrast, the habituation process for the
pTRT group, who received counseling with use of a short-
acting ineffectual sound generator, required a much longer
time course to achieve reductions in the untoward emo-
tional, cognitive/psychological, and physiological reactions
to the tinnitus.

The Contributions of Counseling and Sound
Generator Use in the TRT Treatment Model
and Their Courses of Action

Following the logic above, the contributions of
counseling and sound generator use and their courses of
action in TRT would seem to merit reconsideration in the
Jastreboff treatment model (Jastreboff & Hazell, 2004).
The TRT treatment model initially assumes habituation of
the negative reactions to the tinnitus and, subsequently,
passive habituation of the perception of the tinnitus. Our
analyses suggest an alternative treatment model with
sound generators accelerating the habituation response
early on (beginning at the time of activation of the thera-
peutic sound) by reducing the awareness of the tinnitus
and, in turn, the associated activation of those subcon-
scious processes responsible for the negative reactions to
the tinnitus. Without the tinnitus awareness–reducing ben-
efits of sound generators, the habituation initiated and fos-
tered by counseling alone will ultimately be achieved, but
with a relatively delayed asymptotic response. This time
course, therefore, is seemingly inconsistent with the pas-
sive habituation of the perception of the tinnitus following
after habituation of the reactions.

The passive habituation of tinnitus perception in the
treatment model supposedly occurs after a sufficient level
of habituation of the negative reactions has been affected
and these debilitating effects reduced or eliminated (Gold
et al., 2021). This assumes the conditioned reflexes that
mediate the tinnitus-associated negative reactions in the
model have been severed (by the habituation) from con-
nections with the tinnitus-related neural activity within the
auditory pathways. This leaves the end-stage habituation
of perception to block tinnitus-related neural activity
within the central auditory pathways, effectively eliminat-
ing this activity from being transmitted to cortical centers
responsible for awareness of the tinnitus and the cognitive
processing of this activity. It is arguable whether this end-
stage habituation is needed in the model if, in fact, the
awareness of the tinnitus is simultaneously reduced as part
et al.: Counseling & Sound Generator Contributions in TRT 823
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Figure 2. Differences in treatment response dynamics for TRT and
pTRT highlight the contributions of counseling and sound genera-
tor use in the TRT intervention. Shown here are the exponential
models from Figure 1 fitted to the TQ change scores as a function
of time in intervention for TRT (blue curve) and pTRT (red curve);
corresponding τ99 time constants and TQ99 change scores are
marked on the respective exponential models, and these values
are listed in the inset legend. Shading represents overall differ-
ences in the treatment responses to TRT and pTRT. The contribu-
tion to TRT from counseling, effectively presented alone when
paired with placebo sound generators in the pTRT intervention
(shown by red curve), is quantified by the magnitude of the TQ99
change score, which is denoted as the “counseling effect.” The
contribution to TRT from sound generator use is represented by
the time difference (in months) between the τ99 value for TRT and
that for pTRT; this time difference is denoted as the “sound gener-
ator effect.” Note that the magnitude of change in the TQ change
scores at asymptote (i.e., the time at which the intervention is
effectively complete as defined at τ99) is nearly identical for the
TRT and pTRT curves (reflecting a common counseling contribu-
tion), whereas the time at which the TRT curve becomes asymp-
totic precedes that for the pTRT curve by 4.4 months (representing
the contribution to the TRT intervention from sound generator use,
which was not effective in the pTRT intervention). TRT = tinnitus
retraining therapy (TRT counseling and sound generator use); τ99 =
time constants derived from the exponential model quantify the
time points (in months from baseline) at which the TQ change
scores improved by 99%; TQ = Tinnitus Questionnaire; pTRT =
partial tinnitus retraining therapy (TRT counseling and placebo
sound generator use).
of the process in the habituation of the negative reactions.
If not needed, then the TRT treatment model would sim-
plify and be consistent with counseling-induced habitua-
tion of the negative reactions to the tinnitus accelerated
by tinnitus awareness–reducing effects of the sound gen-
erators. With the debilitating negative reactions to the
tinnitus greatly reduced or eliminated, successfully treated
individuals would then be encompassed within the vast
majority of those individuals with tinnitus who are not
inordinately distressed or annoyed by their condition. That
is, their tinnitus would still be present, but not bothersome
for them. Indeed, this is usually the case for a successfully
treated TRT patient and is the ultimate goal of TRT (Gold
et al., 2021). Thus, for the sake of economy, the habitua-
tion of the perception of the tinnitus, as a delayed final
stage of the tinnitus habituation process, could potentially
be eliminated from the TRT treatment model, seemingly
with little consequence.

A summary illustration consistent with our analyses
of the treatment response dynamics and this simplified
treatment model is depicted in Figure 2 in which the TRT
and pTRT exponential models from Figure 1 have been
replotted together to highlight the respective contributions
of counseling and sound generator use in TRT. The differ-
ence between the exponential curves shown by shading
represents the overall contribution to TRT from sound
generator use, a benefit not afforded pTRT participants;
whereas, the almost identical magnitudes of the asymp-
totes for the two exponential curves reveal the counseling
contribution, which participants in both treatment groups
received in common. Thus, the magnitude of the asymp-
totic treatment response effectively captures these latter
effects of counseling for both TRT and pTRT (shown by
the magnitude of treatment-related change quantified by
TQ99 relative to baseline); whereas, the corresponding time
constant for pTRT reveals the timing of the completed
treatment benefit from counseling alone. The time differ-
ence between the τ99 values for TRT and pTRT quantifies
the early acceleratory advantage of therapeutic sound gen-
erator use when combined with counseling in TRT.

Prior Efforts to Quantify TRT Response
Dynamics

Surprisingly, there has been little interest in quanti-
fying the treatment response dynamics for TRT or, for
that matter, any treatment option in the tinnitus treatment
literature. Although one finds numerous reports in the
TRT literature that mention positive treatment-related
change associated with TRT at various time points over
the course of treatment (variously reported for TRT with
bilateral sound generator use at 1 [Hatanaka et al., 2008],
3 [Barozzi et al., 2017; Parazzini et al., 2011], 6 [Bauer &
Brozoski, 2012; Ito et al., 2009; Park et al., 2017], or 12
824 Journal of Speech, Language, and Hearing Research • Vol. 65 • 8
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[Korres et al., 2010] months in several recent reports), we
know of no formal efforts of the kind reported here to
provide a mathematical description of the treatment
response dynamics for TRT with bilateral sound generator
use. Perhaps the closest effort to ours (and perhaps the
only other one to date) is that reported by Henry et al.
(2006), who attempted to quantify the trajectory of treat-
ment for TRT and that for a tinnitus masking interven-
tion. Unfortunately, the sound therapy options used in
their implementation of TRT included a mix of unilateral
and bilateral hearing aids, sound generators, and combina-
tion devices used by individuals with and without hearing
loss and with varying severity of tinnitus. (This contrasts
16–828 • February 2022
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with our study of a targeted sample of primary tinnitus
patients, with similar severity of their tinnitus problems
and no significant evidence of hearing loss or sound tol-
erance concerns, using bilateral sound generators.) The
heterogeneous mix of their participants and sound ther-
apy options presents a challenge for interpreting the
treatment response dynamics for TRT. What is clear
from their analyses is that TRT affected an increased range
of treatment change for individuals with a greater than a
lesser tinnitus problem. Henry et al. further showed that
the TRT treatment response may not reach an asymptote
after 18 months, which they noted at that time was consis-
tent with Jastreboff’s treatment model. Henry et al. also
observed that, early in treatment, TRT response dynamics
were relatively delayed with respect to those for the mask-
ing intervention; however, later in treatment, the benefit
from TRT dwarfed that from masking.

Jastreboff has acknowledged that since the introduc-
tion of TRT the prescribed duration of treatment for ben-
efit has declined as the effectiveness of TRT has increased,
ostensibly, with improvements in the protocol (Jastreboff,
2015). He stated in 2015 that “The main improvement in
TRT has been to shorten the average time until seeing
clear improvement from 1 year to 1 month, with a statis-
tically significant improvement seen at, and after,
3 months.” (Jastreboff, 2015, p. 309). The treatment
response dynamics reported here for TRT implemented
with sound generators, used by individuals in the Jastreboff
Type I diagnostic category with moderate-to-severe pri-
mary tinnitus, are generally consistent with Jastreboff’s
statement above. We may add to his statement that, on
average, the asymptotic benefit from TRT implemented
with bilateral sound generators may be expected within the
initial 6 months of beginning treatment for this specific
group of tinnitus patients.

Limitations

Notwithstanding the above caveats and limitations
previously discussed in the TRTT (Scherer & Formby,
2019; notably missing data associated with participant
attrition and missed follow-up visits, which diminished sta-
tistical power to reveal differences among the study inter-
ventions and to compare individual treatment response
dynamics), the analyses reported here benefitted from the
rigorous TRTT study design and protocol, which resulted
in a rich and nearly ideal data set for evaluating group
treatment response dynamics. Moreover, the carefully
selected participants in the three TRTT treatment groups
were remarkably well matched for their ages, baseline hear-
ing thresholds, tonal pitch match frequencies, loudness dis-
comfort levels, TQ scores, and, ultimately, for their similar
sizable ranges of TQ scores, asymptotic treatment benefit
(Scherer & Formby, 2019), and daily usage of their sound
Formby
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generators and placebo devices (Gold et al., 2021). How-
ever, our well-matched and targeted participant sample
may also be considered a potential limitation. In the
TRTT, we specifically included individuals with primary
tinnitus who were largely unencumbered by confounding
problems of hearing loss or sound intolerance; these are
common comorbid conditions that often plague a large
portion of the population with debilitating tinnitus. Our
primary tinnitus sample, therefore, represented distressed,
but relatively uncomplicated, patient groups to treat. Thus,
inasmuch as we targeted a Jastreboff Category 1 sample in
the TRTT, this might limit the generalization of our anal-
yses. Accordingly, we may anticipate in future studies that
different treatment response dynamics might be obtained,
indeed should be expected, for different samples of partici-
pants, outcome measures, control and comparison inter-
ventions, and implementations and delivery of TRT (or
other interventions implemented with sound generators)
by skilled and/or less skilled clinicians in single or multi-
site trials. Accordingly, the resulting treatment response
dynamics, which are unambiguous for the interventions
reported here, should be considered in terms of the spe-
cific conditions and study sample described in the TRTT
(Scherer & Formby, 2019).
CONCLUSIONS

Sound generators offer a significant advantage for
TRT in accelerating the response to treatment (beyond
any therapeutic effects from enriched environmental
sound), but they seemingly play little or no role in affect-
ing the magnitude of the treatment response at the end of
the intervention. The latter appears to be determined pri-
marily by the counseling component of TRT. Thus, sound
generator use enhances TRT efficiency, but not its effi-
cacy. The added costs and expeditious utility of sound
generators should be weighed accordingly in making a rec-
ommendation for their use in TRT.
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Appendix (p. 1 of 2)

Analysis of the Treatment Response Dynamics: Implementation of the Exponential Model and Derivation of the Time Constants

The normalized TQ change scores were fit with the general form of the exponential model (with a random intercept effect)
illustrated in Figure A1. Associated upper and lower confidence limits are indicated. The asymptote, change, and rate param-
eters are defined and illustrated with respect to baseline. Of primary interest here are the estimates of rate indexed by time
constants, τ63 and τ99 (time in months). These time constants coincide with static points along the fitted exponential that
correspond to improvements in TQ change scores by 63% and 99%, respectively, relative to baseline and where 100% is
the asymptote. The equations for these change scores, TQ63 and TQ99, and the respective time constants are shown in
Figure A1.
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Appendix (p. 2 of 2)

Analysis of the Treatment Response Dynamics: Implementation of the Exponential Model and Derivation of the Time Constants
General form of exponential model:

TQ change score ¼ asymptote þ ðchange� exp rate� timeÞð Þ þ random asymptote þ residual; where : (1)

Asymptote: plateauing estimate of the TQ change score for which one would expect no further improvement in the tinni-
tus condition with continued duration of treatment.

Change: difference between the normalized baseline TQ change score (i.e., intercept = 0 at 0 months of treatment) and
the estimate of the asymptotic TQ change score.

Rate: an estimate of the treatment-related response dynamics indexed by the rate at which the TQ change score
approaches the estimate of the asymptote.

Indices of rate corresponding to 63% and 99% improvement in the tinnitus condition are quantified by time constants
denoted by the following pair of equations:

τ63 ¼ 1
rate

� log
TQ63 � asymptote

change

� �
and τ99 ¼ 1

rate
� log

TQ99 � asymptote
change

� �
; ð2Þ and ð3Þ

where TQ63 = asymptote + 0.037 × Change, and
TQ99 = asymptote + 0.01 × Change

The actual implementation of the exponential model was achieved using the following simultaneous equation, which
incorporated the change scores for each of the interventions in the fitting analysis:

Yti ¼ β0i þ β0i′ � Grouptrt þ β0i′′ � GrouppTRT þ β1i þ β1i′ �Grouptrt þ β1i′′ �GrouppTRT

� �
� exp β2i � Timeti þ β2i′ � Timeti �Grouptrt þ β2i′′ � Timeti � GrouppTRT

� �þ U0i þ eti;

(4)
where Grouptrt and GrouppTRT are two dummy variables set
 to a value of 1 for participants assigned to TRT, Grouptrt = 1, or
for participants assigned to pTRT, GrouppTRT = 1. For participants in the SOC group, both Grouptrt and GrouppTRT are set to
0. Yti is the normalized TQ change score for the ith participant at time ti (in months). β0i is the asymptote for participant i,
which is the plateauing estimate of the TQ change score for which one would expect no further improvement in the tinnitus
condition with continued duration of treatment. β0i′ and β0i′′ are the asymptote effects for TRT and pTRT compared to SOC.
β1i is the change from asymptote for SOC, which represents the difference between the normalized baseline TQ change
score (i.e., intercept = 0 at 0 months of intervention) and the estimate of the asymptotic TQ change score. β1i′ and β1i′′ repre-
sent the change effects for TRT and pTRT, respectively. β2i is the rate, an estimate of the treatment-related response dynam-
ics indexed by the rate at which the TQ change score approaches the estimate of the asymptote. β2i′ and β2i′′ represent the
rate effects for TRT and pTRT, respectively. eti is the random residual (eti ∼ N 0; s2e

� �
), and U0i (U0i ∼ N 0; s2u

� �
) is the random

asymptote that an individual deviates from the fixed group mean asymptote β0i.
828 Journal of Speech, Language, and Hearing Research • Vol. 65 • 816–828 • February 2022

Downloaded from: https://pubs.asha.org Charles Formby on 02/16/2022, Terms of Use: https://pubs.asha.org/pubs/rights_and_permissions 


