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ABSTRACT

Purpose: Controlled clinical trials demonstrate the safety and efficacy of new
treatments, but real-world outcomes may vary due to patient diversity and treat-
ment variations. Tinnitus, affecting 10%—-15% of the population, is a major
health concern. Lenire, a bimodal neuromodulation treatment combining sound
and tongue stimulations, has shown safety and effectiveness in clinical trials.
This study presents the first real-world evidence (RWE) from a U.S. cohort that
investigates tinnitus subgroup severities, providing further assessment of
Lenire’s use in clinical practice.

Method: A single-site, single-arm chart review of 140 patients treated between
May 1, 2023, and January 19, 2024, was conducted. Patients were prescribed
Lenire for up to 60 min daily and attended follow-ups at 6 and 12 weeks.
Results: This is the first study in a U.S. cohort to show results consistent with
the U.S. Food and Drug Administration (FDA) labeling of Lenire, where positive
therapeutic outcomes were achieved in patients with moderate or worse tinnitus
severity as measured by the Tinnitus Handicap Inventory (THI). In this bothered
tinnitus group, 81.8% (95% CI [70.9%, 89.3%]) achieved a clinically significant
response (THI improvement > 7 points) to treatment, with a mean reduction of
—-23.8 = 2.3 points after only 12 weeks of treatment. In contrast, when providing
Lenire treatment to tinnitus patients with less bothersome tinnitus (i.e., slight
and mild categories), nearly zero change in score, on average, was observed
after treatment. Additionally, responder rates based on an alternative threshold
of at least an 11-point reduction in THI score show a high response to treat-
ment even with this stricter minimal clinically important difference criterion, with
71.2% (95% CI [59.4%, 80.7%]) of the participants meeting or exceeding the
threshold. Similar results were observed when using an alternative threshold
based on an intrasubject percent improvement, defined as a reduction of at
least 15% from each participant’s THI score at the initial assessment.
Conclusions: Real-world data support Lenire’s clinical benefits for patients with
moderate or more severe tinnitus and demonstrate consistency with clinical trial
results that led to FDA approval. These findings further confirm its successful
integration into standard audiology care. Ongoing RWE collection will help iden-
tify the most responsive patients and guide tailored treatments.
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strategy for the management of tinnitus, a condition
defined as a perception of sound in the absence of an exter-
nal acoustic source. Tinnitus affects approximately 10% of
adults in the United States (Baguley et al., 2013; Biswas
et al, 2022; McCormack et al, 2016), with 6%-11%
experiencing symptoms sufficiently bothersome to seek clin-
ical intervention (Biswas et al., 2022).

The development of Lenire is supported by evidence
from animal studies demonstrating that bimodal neuromodu-
lation via electrical stimulation of the body, such as the ton-
gue, combined with broadband sound suppresses neural
activity in both the inferior colliculus and the auditory cortex
more effectively than sound stimulation alone (Markovitz
et al., 2015). In humans, clinical trials evaluating Lenire have
demonstrated promising outcomes. The Treatment Evalua-
tion of Neuromodulation for Tinnitus-Stage 1 (TENT-AIL;
NCT02669069; Conlon et al., 2020) and Treatment Evalua-
tion of Neuromodulation for Tinnitus-Stage 2 (TENT-A2;
NCT03530306; Conlon et al., 2022) studies, which enrolled a
total of 517 participants, reported statistically and clinically
significant improvements in tinnitus severity as measured by
the Tinnitus Handicap Inventory (THI; Newman et al,
1996; Zeman et al., 2011).

In March 2023, the Lenire device received De Novo
marketing authorization from the U.S. Food and Drug
Administration (FDA; DEN210033) for the treatment of
tinnitus. This authorization was supported by results from
the third large-scale pivotal clinical trial, Treatment Evalua-
tion of Neuromodulation for Tinnitus-Stage 3 (TENT-A3;
ClinicalTrials.gov identifier: NCT05227365; Boedts et al.,
2024), which enrolled 112 participants with tinnitus and
was designed in consultation with the FDA. The TENT-A3
(Boedts et al., 2024) findings reinforced conclusions from
the earlier TENT-A2 study (Conlon et al., 2022). TENT-
A3 demonstrated that, for the majority of participants with
moderate or worse tinnitus (THI score > 38 at baseline),
Lenire is clinically superior to sound-only stimulation. In
TENT-A3, treatment response during the corresponding
stimulation stage was defined as an improvement of at least
7 points on the THI, consistent with the validated minimal
clinically important difference (MCID; Zeman et al., 2011).

Tinnitus is a known heterogeneous condition, with
varying clinical profiles, comorbidities, and responses to
specific treatments (Schlee et al., 2024). Thus, real-world
evidence (RWE) for a tinnitus treatment is essential to
assess how results from well-designed clinical trials trans-
late into clinical practice, where there is greater heteroge-
neity of patient characteristics and variations in how a
treatment is implemented by clinicians. A recent retrospec-
tive study at the Alaska Hearing & Tinnitus Center
(AHTC; McMahan & Lim, 2025) provides a valuable
point of comparison to prior clinical trials of bimodal
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neuromodulation with Lenire (Boedts et al., 2024; Conlon
et al., 2020, 2022). While study designs differ and direct
comparisons should be made with caution, the real-world
results from the AHTC align well with outcomes from
previous clinical trials. The TENT-A2 study (Conlon
et al., 2022) provides the most relevant point of compari-
son, as it employed the same inclusion criteria based on
THI severity, specifically including only participants with
moderate or greater tinnitus severity. TENT-A2 also used
the same parameter setting (PS1) during the initial 6 weeks
of treatment. While TENT-A2 did not report a responder
rate, participants in Arm 1 of the study achieved nearly
double the MCID in THI scores at the 6-week follow-up
and nearly triple the MCID, with an average improve-
ment of 19.5 points, by the 12-week follow-up. Mean-
while, TENT-A3 (Boedts et al., 2024) was designed to
compare the first 6 weeks of sound stimulation to the sec-
ond 6 weeks of bimodal stimulation (PS6 parameter set-
ting). McMahan and Lim (2025) remained within the
TENT-A3 indications for use but employed the PSI1
parameter setting for bimodal stimulation over approxi-
mately 12 weeks. Their findings revealed a 91.5%
responder rate, strongly supporting the effectiveness of
Lenire in everyday clinical settings. Together, these data
suggest that Lenire delivers robust and consistent clinical
outcomes in both controlled trials and real-world practice.

Adding to this growing body of RWE, the current
retrospective chart review study presents RWE from 140
Lenire patients at New York Hearing Doctors (NYHD),
a private hearing health care clinic that specializes in diag-
nosing and treating hearing loss, tinnitus, and other
related auditory conditions. This study is particularly
important as the NYHD protocol allowed audiologists to
evaluate Lenire’s performance not only in patients with
moderate or worse tinnitus as per FDA indication but
also in those with milder symptoms, over a full 12-week
period using the same PS1 bimodal stimulation setting. By
including a broader range of tinnitus severity, the NYHD
study provides valuable insights into the device’s effective-
ness in real-world clinical practice across a wider patient
population. The aim of this study was to evaluate differ-
ences in outcomes using the Lenire device for patients
with mild tinnitus severity compared to those with moder-
ate or worse tinnitus severity in a clinical population.

Method
Study Design
The study was a single-site, single-arm chart review

for patients who underwent treatment with the Lenire
device (see Figure la) at NYHD. Between May 1, 2023,
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Figure 1. (a) Lenire bimodal neuromodulation device by Neuromod Devices Ltd. intended to reduce the symptoms of tinnitus in patients with
moderate or worse tinnitus (Tinnitus Handicap Inventory score > 38). The device consists of a Tonguetip, an intraoral device designed to sit
comfortably in the mouth and deliver gentle electrical stimulation on the tongue’s surface; Bluetooth headphones to play personalized
sounds to the ear; and a handheld controller that enables patients to adjust the duration and intensity of the treatment. (b) Lenire standard-
of-care procedure at New York Hearing Doctors. *When prescribed, Lenire is typically fitted within 2 weeks of consultation or on the same

day, if possible. **Telehealth appointments are available upon request.

b.
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Initial assessment &
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and January 19, 2024, 140 patients were seen at NYHD
for tinnitus symptoms and were prescribed the Lenire
device for up to 60 min per day.

Patients first attended an initial assessment conducted
by an audiologist at NYHD, which included evaluations to
identify hearing loss, obtain medical history, and assess
overall auditory health (see Supplemental Material S1).
Structured tinnitus education and counseling were also
delivered during this visit (see Supplemental Material S1).
Patients received personalized information about the nature
and causes of tinnitus, as well as strategies for management
and coping, tailored to their specific needs to help build
self-awareness and promote a more positive outlook of
their condition (see Supplemental Material S1).

If the patient was prescribed Lenire, a device-fitting
visit was scheduled within 2 weeks of the initial assessment.
In rare cases such as when patients had traveled from a dis-
tance, the fitting took place on the same day as the initial
assessment. At the fitting visit, patients were provided with
the Lenire device, trained in its use, and given the Lenire
user manual (see Supplemental Material S1).

As part of the treatment plan, patients were recom-
mended to return approximately 6 weeks after device fit-
ting (FU1) to assess progress and report any issues (see
Supplemental Material S1). A second follow-up was also
recommended approximately 12 weeks after the initial fit-
ting (FU2; see Figure 1b).

Patients could contact the audiologist at any time
between appointments if they encountered any issues or
concerns. All patients consented to the Lenire standard-of-
care procedure, including the assessment of their THI
score during clinic visits.

The Lenire neuromodulation system is a take-home
device, and treatment sessions are self-administered by the
patients. The description of the device in the following
sections is similar to the published TENT trials (Boedts
et al., 2024; Conlon et al., 2020, 2022), with specific
details on certain procedures applied in this retrospective
chart review. The Lenire device delivered sound through
wireless Bluetooth headphones, whereas electrical stimula-
tion was delivered via a wired 32-site electrode array to
the surface of the tongue. Pure-tone audiometry (PTA)
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thresholds ranging from 250 Hz to 8 kHz were recorded
during the patients’ initial assessments. These thresholds
were used to customize the sound stimulus intensity so
that it was comfortably audible above each patient’s hear-
ing threshold at each frequency. These PTA results span-
ning 250 Hz-8 kHz were included in this study. During
treatment, patients had the option to adjust the default
audio stimulus volume within a range of —12 to +12 dB
using the controller’s volume buttons. To ensure safety,
the maximum sound level was restricted based on each
patient’s level of hearing loss. The intensity of electrical
tongue stimulation was individually set by increasing the
stimulus from a level just below the perception threshold
to a clearly perceptible yet comfortable level across differ-
ent electrodes. This calibrated setting served as the default,
and patients were permitted to adjust the intensity up or
down by up to six steps, with each step corresponding to
an 8% change in pulse width. The calibration process is
designed to deliver the lowest amount of electrical stimula-
tion needed to achieve a perceptible stimulus for each
individual participant. The treatment device reverts to the
default intensities at the start of each new session, and all
changes to stimulation settings are recorded on the device
log. All patients used the PSI stimulus setting throughout
the treatment period. PS1 consists of tongue stimulation
that is temporally and spatially synchronized with differ-
ent pure tones (500-8000 Hz) with background noise.

Patients

All patients in this study paid for the device and ser-
vices as per the NYHD price plan. Patients fitted with
Lenire are at least 18 years of age and have subjective tin-
nitus. The device is contraindicated for those who are
under the age of 18 years; have objective tinnitus; have
oral piercings that cannot be removed (the device must
not be used in the presence of oral piercing); have a pace-
maker, a defibrillator, or any other active implantable
device (unless directed by a physician); are pregnant; have
epilepsy or other conditions that may cause loss of con-
sciousness; have conditions that cause impaired sensitivity
in the tongue; have lesions, sores, or inflammation of the
oral cavity; have any intermittent or chronic neuralgia in
the head and neck area; and/or have Méniére’s disease.

The Lenire treatment is indicated for tinnitus patients
with moderate or greater tinnitus severity (THI > 38). How-
ever, based on the comprehensive tinnitus evaluation con-
ducted during initial assessments, audiologists at NYHD
who are experienced in tinnitus assessment and management
determined that some patients with lower THI scores still
reported to be significantly bothered by their tinnitus and
may benefit from Lenire. In line with the accepted medical
practice, off-label use of FDA-approved devices is permitted
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when deemed clinically appropriate. These patients were
informed that their THI scores did not meet the approved
indication and were made aware that their likelihood of
responding to treatment might be lower. The patient’s deci-
sion to proceed with treatment was based on a clear under-
standing of the potential benefits and limitations in consul-
tation with an experienced audiologist. There were no addi-
tional clinical criteria used to determine whether patients in
the slight or mild category would be eligible for Lenire.

All patients included in this retrospective chart review
signed a Health Insurance Portability and Accountability
Act Privacy Policy agreement prior to initiating treatment
at NYHD, which allowed for data to be used for research
purposes once reviewed by an ethics committee. This study
protocol was reviewed by an independent registered institu-
tional review board (IRB), Advarra (Columbia, MD; IRB
No. 00000971; Study Protocol No. Pro00075168). The
study received a waiver for IRB approval and was deter-
mined to be exempt from IRB oversight based on the
Department of Health and Human Services Code of Fed-
eral Regulations (C.F.R.) found at 45 C.F.R. 46.104(d)(4),
which includes a waiver for the need to obtain informed
consent. The study procedures, including the analysis of
patient subgroups by THI severity, were included in the
protocol reviewed by the IRB. All methods were carried
out in accordance with relevant guidelines and regulations.

Clinical End Points

Consistent with previously published Lenire clinical
trial results (Boedts et al., 2024; Conlon et al., 2020,
2022), the THI was used to assess tinnitus symptom sever-
ity pre- and posttreatment. The THI is a validated psycho-
metric questionnaire used to determine the severity of tin-
nitus symptoms and is one of the most widely established
instruments for assessing tinnitus symptom severity. The
validity and reliability of the THI have previously been
demonstrated (Newman et al., 1996).

The THI comprised 25 questions, which can be
answered with “no,” “yes,” or “sometimes,” to which a
numerical score of 0, 4, or 2 is assigned, respectively. The
total THI score is the sum of all item scores and can
range from 0 (no handicap) to 100 (catastrophic handicap).
The THI scores can also be categorized into five standard
severity levels of tinnitus handicap: none/slight (0-16),
mild (18-36), moderate (38-56), severe (58-76), and cata-
strophic (78-100; Newman et al., 1996). The MCID
reported for the THI is 7 points and represents a clinically
meaningful change in tinnitus symptoms (Zeman et al.,
2011). A more recent study suggests that the MCID may
be higher, reporting an 11-point change after 12 weeks of
treatment (Engelke et al., 2025). Additionally, there have
been recommendations for reporting intrasubject percent
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improvements (i.e., 15% reduction from the THI score at
the initial assessment) instead of an absolute point change
(Langguth & De Ridder, 2023).

As outlined by McCombe et al. (2001), patients in
the moderate or worse THI severity categories may have
tinnitus that interferes with their ability to carry out nor-
mal daily activities and frequently experience sleep dis-
turbances. Tinnitus at this severity level is also com-
monly associated with emotional distress, mood disor-
ders, somatic pain, stress responsivity, and reduced qual-
ity of life. In comparison, patients in the none/slight and
mild THI severity groups experience but are often not
troubled by their tinnitus. The tinnitus is often easily
masked by environmental sounds and easily forgotten
with activities. The tinnitus may occasionally interfere
with sleep but not daily activities (McCombe et al.,
2001). Based on these severity categories, it is anticipated
that patients within the moderate or worse group (THI
score of 38-100) are more bothered by their tinnitus and
would be more likely to seek treatment at clinics. In this
study, two broader categories were included: THI score
greater than or equal to 38 (at least moderately bothered)
and THI score less than 38 (none/slight and mild). This
classification reflects the cutoff used in the TENT-A3
study, which compared bimodal stimulation and sound
therapy. It also aligns with the screening criteria in
TENT-A2, where patients were selected based on tinnitus
severity that was sufficiently bothersome to allow for
measurable improvement with an intervention.

Field Safety Reporting

Health care professionals prescribing the Lenire
device may submit information in relation to medical or
technical issues, as well as general feedback, directly to
the manufacturer (Neuromod Devices Ltd.). All feedback
is assessed to determine whether medical, technical, or
other assistance is required. When an issue or feedback is
received, the manufacturer first determines whether a
Field Product Experience Report (FPER) is necessary.
Issues are then assessed for causality and seriousness to
determine whether a report to the FDA is required as per
21 C.F.R. Part 803. Under the Medical Device Reporting
regulation, it is mandatory for manufacturers, importers,
and device user facilities to report certain device-related
adverse events and device issues to the FDA. The regula-
tions also stipulate the process and timelines to be adhered
to for the reporting of an event to the FDA. Issues could
relate to alleged device malfunction, undesired device per-
formance, or treatment side effects (e.g., undesirable medi-
cal symptoms). In the event that a problem was reported,
certain actions may need to have been taken to prevent
further reports from the field such as correction, removal,

market withdrawal, or product recall. There were no med-
ical FPERs submitted to the manufacturer from the
NYHD clinic, and all technical queries were resolvable
with no reporting actions required.

Statistical Analyses

No patients were excluded from the analysis as stip-
ulated in the protocol. Consistent with TENT-A3,
responder rates were calculated as the percentage of par-
ticipants who achieved a reduction of at least 7 points in
THI score (corresponding to the established MCID) from
the initial assessment to FUI or from the initial assess-
ment to FU2. Responder rates were reported along with
their corresponding 95% confidence intervals (CIs). Addi-
tionally, responder rates based on the more recent MCID
threshold of an 11-point reduction in THI score were also
calculated. Separately, we assessed percent improvement,
defined as the proportion of patients achieving a reduction
of 15% or more from the THI score relative to their initial
score (i.e., [follow-up score — initial score]/initial score X
100). To compare responder rates between the slight or
mild (THI < 38) group and the moderate or worse (THI >
38) group from the initial assessment to FUI and from the
initial assessment to FU2, two-sided z tests of proportions
were performed.

Additionally, mean changes in tinnitus symptoms on
the THI scale from the initial assessment to FUI and
from the initial assessment to FU2, along with their corre-
sponding standard errors of the mean, were presented for
both the THI < 38 and THI > 38 groups. To assess differ-
ences in performance between these two THI severity
groups from the initial assessment to FUI and from the
initial assessment to FU2, independent ¢ tests were per-
formed on mean changes.

Furthermore, a repeated-measures analysis of vari-
ance (ANOVA) was conducted, with time (initial assess-
ment, FU1, and FU2) as the within-subject factor and
group (THI < 38 vs. THI > 38) as the between-subjects
factor, to evaluate changes in tinnitus symptoms over time
and between severity groups. The main effects of time and
group, as well as the interaction between time and group,
were examined. Effect sizes were reported using partial eta
squared. Post hoc analyses comparing time effects within
groups were conducted.

A multiple linear regression was performed to
explore the extent to which demographic and tinnitus
characteristics at the initial assessment predicted THI
scores at FU2. The independent variables included age,
tinnitus duration, gender, hearing thresholds, and severity
group at the initial assessment. Model significance was
assessed using the F test, and the proportion of variance
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explained was evaluated by the adjusted R®. Individual
regression coefficients were examined to identify the signif-
icant predictors of THI scores at FU2. PTAs were col-
lected only at the initial assessment and calculated sepa-
rately for the right and left ears by averaging hearing
thresholds at 0.25, 0.5, 1, 2, 3, 4, 6, and 8 kHz.

All data analyses were performed using Stata 15.1.
p values less than .05 were considered statistically significant.

RWE Quality Assurance

The primary analysis database consisting of THI,
age, and PTA was verified against the source data (i.e.,
Sycle Pro or Lenire fitting software [LFS]) by means of an
onsite monitoring visit. Source data verification was per-
formed on these variables for 100% of the data of all
patients included in the study database for this retrospec-
tive chart review. This approach was deemed appropriate
as the data set results from a transcription of the source
data, which are manually entered by health care profes-
sionals, and hence, discrepancies could occur in single
data entries; therefore, a strict approach of completing
100% verification was followed. For any discrepancies

found, the study database was updated onsite for the THI
questionnaire, and an offline comparison of the data (age
and PTA) exported from the LFS to the study database
was completed directly after the monitoring visit. The
analysis was completed on the final clean and validated
data set. Monitoring was performed by appropriately
qualified and trained personnel. The study monitor was
briefed on the investigation prior to completing any
monitoring-related tasks and site visit. The selected moni-
tor was independent from the investigation site. The data
were monitored on April 10, 2024.

Results

Patient Disposition and Characteristics of
Study Patients

A total of 140 patients were fitted with the Lenire
device from May 1, 2023, to January 19, 2024 (see
Figure 2). Of the 140 patients, 25.7% (n = 36) had a THI
score of less than 38, and 74.3% (n = 104) had a THI
score of greater than or equal to 38. In these analyses,

Figure 2. Patient disposition per visit. “Three patients attended FU2 but not FU1. THI = Tinnitus Handicap Inventory.

Slight or mild severity

Moderate or worse

All patients group severity group.
(THI < 38) at initial (THI = 38) at initial
assessment assessment
5
® £ - - -
= Device fitted Device fitted Device fitted
=8 n =140 n=36 n =104
®©
Lost to follow-up Lost to follow-up Lost to follow-up

.- i n=24 n=4 n=20
i g Attended first follow-up Attended first follow-up Attended first follow-up
= 3 assessment (FU1) assessment (FU1) assessment (FU1)

n=116 n=32 n=84

Lost to follow-up Lost to follow-up Lost to follow-up

z5 n =30 n=9 n =21
§ 3 Attended second follow-up Attended second follow-up Attended second follow-up
n z assessment (FU2) assessment (FU2) assessment (FU2)

n = 89* n=23 n =66*
T First follow-up (FU1) First follow-up (FU1) First follow-up (FU1)
23 n=16 n=32 n =84
23 Second follow-up (FU2) Second follow-up (FU2) Second follow-up (FU2)
8 n=89 n=23 n=66
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only patients who completed their initial assessment and
at least one follow-up could be included. While it is rec-
ommended for patients to be reassessed at the NYHD
clinic, it is not mandatory for patients to return for
assessment. Additional analyses (see Supplemental Mate-
rial S2) comparing response rates and mean changes in
THI scores at FU1 for patients who did not return at
FU2 suggest that some patients with initially moderate
or worse symptom severity may not have returned for a
second follow-up because their tinnitus symptoms had
sufficiently improved and did not feel a need to return
to see an audiologist. Patients can schedule additional
follow-up appointments if needed. Note that the Lenire
treatment proved to be safe and well tolerated with no
treatment-related serious adverse events that varied from
normal day-to-day issues experienced at the NYHD clinic
prior to prescribing Lenire. There were no field safety reports
from the NYHD clinic that required reporting to the FDA,
as well as no correction, removal, market withdrawal, or
product recall.

Results presented in Figure 3 show that the distribu-
tion of patients based on tinnitus severity groupings (i.e.,
below vs. above the THI score of 38) is relatively similar

for the patients included in the THI analyses at each
follow-up visit and those whose data were not available
for analyses. Among the 116 patients with initial-
assessment and FU1 THI scores, 72.4% had a THI score
of at least 38 points, whereas 27.6% had a THI score of
less than 38 points at the initial assessment prior to start-
ing bimodal treatment (see Figure 3a). For the 24 patients
who did not have THI scores at FU1, 83.3% had a THI
score of at least 38 points, and 16.7% had a THI score of
less than 38 points at the initial assessment (see Figure 3b).
Also, of the 89 patients with initial-assessment and FU2
scores, 74.2% had a THI score of at least 38 points,
whereas 25.8% had a THI score of less than 38 points at
the initial assessment (see Figure 3c). Among the 51
patients who did not have a THI assessment at FU2,
74.5% had a THI score of at least 38 points, and 25.5%
had a THI score of less than 38 points at the initial assess-
ment (see Figure 3d).

Of the 140 patients who completed an initial assess-
ment with THI scores, the mean age was 57.0 + 12.0 years
(see Table 1). Of the 140 available responses, 73.6% were
male and 26.4% were female. There were 131 patients
who provided information regarding tinnitus duration,

Figure 3. Percentage of patients with Tinnitus Handicap Inventory (THI) scores above or below the cutoff of 38 at the initial assessment. (a)
Patients who had THI scores available for both the initial assessment and the first follow-up (FU1). (b) Patients who did not have THI scores
available for FU1. (c) Patients who had THI scores available for both the initial assessment and the second follow-up (FU2). (d) Patients who

did not have THI scores available for FU2.

a.
Patients with THI scores at initial
assessment and FU1

72.4%

116
patients

27.6%

s THI <38 =THI =38

C.
Patients with THI scores at initial
assessment and FU2

74.2%

89
patients

25.8%

s THI <38 =THI =238

Patients who did not
have THI scores at FU1

83.3%

24
patients

16.7% .

s THI <38 =THI =38

d.
Patients who did not
have THI scores at FU2
74.5%
51
patients
25.5%

sTHI <38 =THI 238
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Table 1. Demographic characteristics of patients who completed
the initial assessment with Tinnitus Handicap Inventory (THI)
scores.

Demographic characteristics

Age (years)

M + SD (n) 57.0 + 12.0 (140)
Gender, % (n/N)

Male 73.6 (103/140)

Female 26.4 (37/140)
Tinnitus duration (years), % (n/N)

<1 year 10.7 (14/131)

1to < 5 years
5 to < 10 years
10 to < 20 years
20 years and more
PTA® (250 Hz-8 kHz; dB HL), M = SD (n)

55.0 (72/131)
7.6 (10/131)
14.5 (19/131)
12.2 (16/131)

Right ear 28.8 + 15.4 (128)

Left ear 22.6 + 13.8 (140)
THI at the initial assessment

M + SD (n) 55.8 + 23.1 (140)

®Pure-tone audiometry (PTA) averages were calculated separately
for the right and left ears by averaging hearing thresholds at 0.25,
0.5, 1, 2, 8, 4, 6, and 8 kHz. For the right ear, there were missing
data at specific frequencies for eight patients at 0.25, 0.5, 3, and 4
kHz: One patient was missing data at 0.25 and 4 kHz; one patient,
at 3 and 4 kHz; one patient, at 4 kHz only; and one patient, at
0.25, 0.5, and 4 kHz.

with 34.3% reporting a tinnitus duration of 5 years or
more. There were 128 patients with PTA assessment
available for the right ear, with a mean hearing loss of
28.8 + 15.4 dB HL (average of 250 Hz-8 kHz), and 140
patients for the left ear, with a mean hearing loss of
22.6 + 13.8 dB HL (average of 250 Hz-8 kHz). The
mean THI score at the initial assessment was 55.8 +
23.1 points. Supplemental Material S3 provides the
same demographic characteristics as those in Table 1 in
this article, but for the 116 patients who returned for
FUI1 and the 89 patients who returned for FU2; consis-
tent patient characteristics are observed for both
scenarios.

High Responder Rate in the Moderate or
Worse Tinnitus Severity Group With Further
Improvements Over Time

At the first follow-up (FUI; approximately 6 weeks
posttreatment), a high responder rate to Lenire treatment
was observed among participants with moderate-to-severe
tinnitus (THI > 38). Using the 7-point MCID threshold,
72.6% (95% CI [62.2%, 81.0%]) of this group demon-
strated clinically meaningful improvement, compared to
21.9% (95% CI [11.0%, 38.8%)]) of participants with THI
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scores less than 38 (see Figure 4a; two-sided z test for pro-
portions, p < .001). When applying an alternative 11-point
MCID threshold, 59.5% (95% CI [46.6%, 71.4%]) in the
THI > 38 group were classified as responders, compared
to 15.6% (95% CI [6.9%, 31.7%)]) in the THI < 38 group
(see Figure 4b; p < .001). Similarly, using an intrasubject
percent improvement criterion, defined as a reduction of
at least 15% from each participant’s initial-assessment
THI score, 63.1% (95% CI [52.4%, 72.6%)]) of partici-
pants with THI scores of at least 38 showed improve-
ment, compared to 28.1% in the THI < 38 group (see
Figure 4c; p < .001).

By the second follow-up (FU2; approximately
12 weeks posttreatment), further improvements were
observed in the THI > 38 group. At this point, 8§1.8%
(95% CI [70.9%, 89.3%]) of participants in the THI > 38
group exceeded the 7-point MCID threshold (see Figure 4-
d; p < .001), whereas 71.2% (95% CI [59.4%, 80.7%]) met
or exceeded the 11-point threshold (see Figure 4e; p <
.001). In addition, 71.2% (95% CI [59.4%, 80.7%)]) of par-
ticipants in the THI > 38 group achieved an intrasubject
percent improvement of at least 15% in their THI scores
by FU2 (see Figure 4f; p = .020).

Corresponding mean reductions in THI scores are
presented in Figure 5. At FUI, participants with THI
scores of at least 38 showed a mean reduction of 16.6 +
1.8 points, whereas those with THI scores less than 38
experienced a worsening of 3.3 + 3.0 points (see Figure 5a;
p < .001). At FU2, participants with THI scores of at
least 38 demonstrated a mean reduction of 23.8 + 1.8
points, whereas the THI < 38 group showed a mean wors-
ening of 0.5 + 3.5 points (see Figure 5b; p < .001).

The individual THI scores for each patient in the
moderate or worse tinnitus severity group at different time
points are shown in Figures 5c and 5d for FU1 and FU2,
respectively (the individual THI scores for the THI < 38
group are shown later in Figure 6). At FUI, 90.5% of
patients in the moderate or worse severity group had
improvements in THI scores. A high percentage was sus-
tained in this cohort at FU2, with 90.9% of the patients
reporting improvements.

Because THI scores correspond to defined severity
categories, it is also informative to examine how these cat-
egories shift following treatment. Notably, the proportion
of patients in the “catastrophic” category decreased from
21.2% at the initial assessment to 4.6% at FU2 (see
Figure 5f). Similarly, the proportion in the “severe” cate-
gory decreased from 34.8% to 19.7% at FU2 (see Figure 5-
f). The “moderate” category also showed a reduction, with
proportions dropping from 43.9% to 22.7% at FU2 (see
Figure 5f). These shifts indicate a general trend toward
lower tinnitus severity following treatment. Results are

Downloaded from: https://pubs.asha.org 37.228.230.6 on 01/27/2026, Terms of Use: https://pubs.asha.org/pubs/rights and_permissions



Figure 4. Responder rates were evaluated using three clinical improvement criteria. (@) A minimal clinically important difference (MCID) of
greater than 7 points in the Tinnitus Handicap Inventory (THI) score from the initial assessment to the first follow-up (FU1; two-sided z test
for proportions for comparison between groups; p < .001). (b) An MCID of greater than 11 points in the THI score from the initial assessment
to FU1 (two-sided z test for proportions for comparison between groups; p < .001). (c) An intrasubject percent improvement of at least 15%
in the THI score from the initial assessment to FU1 (two-sided z test for proportions for comparison between groups; p < .001). (d) An MCID
of greater than 7 points in the THI score from the initial assessment to the second follow-up (FU2; two-sided z test for proportions for com-
parison between groups; p < .001). () An MCID of greater than 11 points in the THI score from the initial assessment to FU2 (two-sided z
test for proportions for comparison between groups; p < .001). (f) An intrasubject percent improvement of at least 15% in the THI score from
the initial assessment to FU2 (two-sided z test for proportions for comparison between groups; p = .020).

Initial assessment to Follow-Up 1 (FU1)

a b. c.
MCID > 7 MCID > 11 Improvement by = 15%
100 100
72.6% 100
80 . 80 59.5% 80 63.1%
60 60 I 60 I
& e = 28.1%
4 1.9%
0 41L9% a 15.6% *
ol Lo *
0 oLl ,
THI< 38 THI > 38 THI< 38 THI = 38 THI < 38 THI > 38
(n=32) (n=84) (n=32) (n=84) (n=32) (n=84)
Initial assessment to Follow-Up 2 (FU2)
d. e 4
MCID>7 MCID > 11 Improvement by = 15%
100 100 100
81'.8% 71.2% 71.2%
80 1 80 80 :
] . i
60 60 60 43.5%
° 34.8% 2 = T
40 | 40 21.7% 40
0 0 0 _
THI < 38 THI= 38 THI < 38 THI = 38 THI< 38 THI > 38
(n=23) (n = 66) (n=23) (n=68) (n=23) (n=66)

also presented for the shift in THI categories for FUI in
Figure Se.

Better Outcomes With Lenire Treatment for
More Severe Tinnitus Patients

Results of a pairwise correlation analysis revealed
that patients with more severe tinnitus symptoms achieved
larger improvements in THI score after bimodal neuro-
modulation at FUI (see Figure 6a; r = —.4, p < .001) and
FU2 (see Figure 6b; r = —.5, p < .001). These scatter plots
generally show that patients with a THI score of less than
38 do not demonstrate improvement in tinnitus symptoms.
Furthermore, these results support the importance of per-
forming stratified analysis of the data based on two
broader THI severity categories: slight or mild group
(THI < 38) and moderate or worse group (THI > 38).
Interestingly, there are a few tinnitus patients with initial-
assessment THI scores of less than 38 (i.e., THI > 24; gray

points exceeding the MCID dashed line) who have shown
clinical benefit from Lenire treatment.

These results were supported by a repeated-measures
ANOVA that showed a significant main effect of time,
F(2, 201) = 194, p < .001, np2 = .2, indicating that THI
scores changed across follow-up periods (see Supplemental
Material S4). There was also a significant main effect of
group, F(1, 138) = 52.1, p < .001, np2 = .3, with higher
overall scores at the initial assessment in the THI > 38
group (see Supplemental Material S4). Importantly, a sig-
nificant interaction between time and group was observed,
F(2, 201) = 24.4, p < .001, n,” = .2, suggesting that the
pattern of change in THI scores over time differed signifi-
cantly between the THI < 38 and THI > 38 groups (see
Supplemental Material S4). Post hoc contrasts showed
that patients in the THI > 38 group had significant reduc-
tions in THI scores from the initial assessment to both
follow-ups (both p < .001; see Supplemental Material S5).
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Figure 5. (a) Mean change (SE) in Tinnitus Handicap Inventory (THI) scores from the initial assessment to the first follow-up (FU1) for two
clinically relevant THI severity groups (independent t test for comparison between groups; p < .001). (b) Mean change (SE) in THI scores
from the initial assessment to the second follow-up (FU2) for two clinically relevant THI severity groups (independent t test for comparison
between groups; p < .001). (c) Scatter plot of individual THI scores at FU1 versus the initial assessment for patients with bothersome tinnitus
(THI > 38) at the initial assessment: Points below the black diagonal line indicate an improvement (reduction) in tinnitus symptoms, points
below the purple diagonal line indicate an improvement of greater than 7 points, and points below the orange diagonal line indicate an
improvement of greater than 11 points. (d) Scatter plot of individual THI scores at FU2 versus the Follow-Up 2 (FU2) for patients with both-
ersome tinnitus (THI > 38) at the initial assessment: Points below the black diagonal line indicate an improvement (reduction) in tinnitus
symptoms, points below the purple diagonal line indicate an improvement of greater than 7 points, and points below the orange diagonal
line indicate an improvement of greater than 11 points. (e) Percentage of patients in the various THI severity categories at the initial assess-
ment and FU1 for patients with bothersome tinnitus (THI > 38) at the initial assessment. (f) Percentage of patients in the various THI severity
categories at the Follow-up 2 (FU2) and FU2 for patients with bothersome tinnitus (THI > 38) at the initial assessment. MCID = minimal clini-
cally important difference.
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In contrast, patients with THI scores less than 38 showed p < .001), indicating greater improvement than in patients
no significant change over time (p > .25; see Supplemental with THI scores of less than 38.
Material S5). These results indicate that improvement
occurred mainly in the higher severity group (THI > 38
roup). . .
group) Discussion
In addition, an exploratory multiple linear regression
was used to predict THI scores at FU2 using age, tinnitus The efficacy of bimodal neuromodulation through
duration, gender, hearing thresholds, and baseline severity combined sound therapy and electrical tongue stimulation
group as independent variables. The model was signifi- for the treatment of tinnitus has been demonstrated in sev-
cant, F(9, 69) = 3.9, p = .0004, explaining 34% of the vari- eral large-scale clinical trials, including a controlled piv-
ance (adjusted R* = .3). Of the available demographic and otal clinical trial that recently led to the FDA granting De
tinnitus characteristics, only the severity group at the ini- Novo approval for the Lenire device in the United States
tial assessment significantly predicted THI at follow-up. (Boedts et al., 2024; Conlon et al., 2020, 2022). Previous
Participants with THI scores of at least 38 had signifi- published RWE in Europe and more recently in the

cantly lower THI scores at FU2 (B [coefficient] = —23.8, United States (Boedts et al., 2024; Buechner et al., 2022;
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Figure 6. (a) Scatter plot showing the change in Tinnitus Handicap Inventory (THI) scores at the first follow-up (FU1) versus the initial assess-
ment separated by two THI severity groups at the initial assessment. Pairwise correlations indicate a significant (o < .001) inverse relation-
ship between the change in THI scores from the initial assessment to FU1 and THI scores at the initial assessment. (b) Scatter plot showing
the change in THI scores at the second follow-up (FU2) versus the initial assessment separated by two THI severity groups at the initial
assessment. Pairwise correlations indicate a significant (p < .001) inverse relationship between the change in THI scores from the initial
assessment to FU2 and THI scores at the initial assessment. The minimal clinically important difference (MCID) line represents 7 points.
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McMahan & Lim, 2025) also support the in-clinic effec-
tiveness of the Lenire treatment in improving tinnitus
symptoms. The current RWE from NYHD complements
earlier findings showcasing the effectiveness, repeatability,
and generalizability of the Lenire bimodal treatment. Col-
lectively, these results strongly indicate that greater clinical
benefit is achievable with the Lenire treatment in patients
who are sufficiently bothered by their tinnitus (THI > 38),
compared to those with less or not bothersome tinnitus.
Performing the main analysis on the cohort of patients
spanning the moderate, severe, and catastrophic THI
groups represents a more informative analysis (McCombe
et al., 2001). In this study, patients with bothersome tinni-
tus had a high response to treatment, with 72.6% of
patients achieving an MCID of 7 points after just 6 weeks
of treatment, and a higher response to treatment attainable
after continued use, with 81.8% responding after at least
12 weeks of treatment. The robustness of the findings was
further supported using a recently published responder cri-
terion. When applying a more stringent MCID threshold of
11 points, as recently proposed by Engelke et al. (2025),
the responder rate remained high at 71.2% at FU2. Addi-
tionally, to account for individual baseline severity and the
3-point resolution of the THI, we also examined intrasub-
ject percent improvement using a threshold of at least 15%

reduction from the initial assessment, as suggested by Langguth
and De Ridder (2023). This approach also yielded a compa-
rable responder rate of 71.2%, reinforcing the consistency of
treatment effects.

The clinical relevance of these findings is strength-
ened by the observed improvement in tinnitus severity cat-
egories. Notably, over 50% of participants who were clas-
sified as having moderate or greater tinnitus severity at
the initial assessment transitioned to the mild or slight cat-
egory following approximately 12 weeks of treatment.
This categorical improvement is particularly meaningful,
as tinnitus in the mild or slight severity range is typically
associated with minimal to no interference in daily func-
tioning. In contrast, higher severity levels are frequently
linked to substantial impairments in sleep, quality of life,
and mental health (McCombe et al., 2001). These results
suggest that the observed improvements may translate into
meaningful enhancements in patients’ overall well-being.

While this study primarily focused on changes in
tinnitus symptom severity as measured by the THI,
future research could benefit from incorporating addi-
tional patient-centered outcomes related to coping and
functional impact. Understanding how patients adapt to
and manage their tinnitus in daily life may offer deeper
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insight into the real-world effectiveness of bimodal
neuromodulation. Validated tools such as the Tinnitus
Coping Style Questionnaire could provide complemen-
tary information beyond symptom severity alone (Budd
& Pugh, 1996). Including these measures in future RWE
studies would allow for a more comprehensive evalua-
tion of Lenire’s clinical utility, particularly in terms of
emotional well-being, coping strategies, and quality-of-
life improvements. Also, future studies should compare
the results of this severity analysis using alternative vali-
dated outcome measures, such as the Tinnitus Functional
Index, which uses a 10-point Likert scale compared to the
THI’s 3-point response options (“yes,” “no,” and “some-
times”). This could help determine whether the THI’s lower
response resolution contributed to the results observed in
the group with milder symptoms.

The positive net impact of bimodal stimulation in
this study is reinforced by the safety and acceptability of
the treatment. Previous clinical trials have demonstrated
that Lenire is inherently safe with zero procedure- or
device-related serious adverse events (Boedts et al., 2024;
Conlon et al., 2020, 2022). Moreover, the recent FDA
clinical trial showed that any nonserious adverse events
were generally resolved, further supporting the nonconse-
quential or reversible nature of these adverse events and
the very low risk profile of bimodal stimulation (Boedts
et al., 2024; Conlon et al., 2020, 2022). The current RWE
study for tinnitus patients treated at NYHD also had no
field safety reports that required reporting to the FDA,
and neither has any correction, removal, market with-
drawal, or product recall been required.

There was a high percentage of patients who readily
used the device on a regular basis; however, given the
real-world nature of the current study, it was encouraged,
but not mandated, that patients return for follow-up
assessments. In order to assess any potential for analysis
bias related to missing data, the response rate for the 21
patients with bothersome tinnitus who returned for FUI1
but not FU2 was assessed. Based on this additional analy-
sis, 57.1% improved by an MCID of 7 points at FUI,
highlighting that not attending the FU2 appointment does
not necessarily indicate a negative treatment outcome by
FUI. Instead, it could be due to early benefit from the
treatment and a decreased need for additional clinical sup-
port. Considering that continued use of the device may
drive further therapeutic benefit as shown in Figure 5, a
higher responder rate may have been observed at FU2 if
more patients had returned. There was no difference in
demographic variables (i.e., age, gender, tinnitus duration,
and PTA) and baseline THI scores between patients who
completed only the initial assessment, those who returned
for only FUI1, and those who returned for only FU2, indi-
cating minimal analysis bias from other attributing factors
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to missing data (see Table 1 in this article and Supplemen-
tal Material S3).

RWE studies are critical to understanding how a
device performs and is utilized in routine clinical practice
setting. However, this type of study also has inherent
design limitations. Most notably, when data are collected
as part of a chart review, the analysis is restricted to the
information already recorded in patient records. This con-
trasts with structured clinical trials, where data collection is
predefined and comprehensive. Depending on the data set,
this may limit the patient characteristics available for analy-
sis, including previous treatments patients may have com-
pleted prior to attending the NYHD clinic. Additionally,
retrospective RWE may preclude the possibility of a control
group depending on data availability for alternative treat-
ment options. The aforementioned limitations may retract
from the ability to fully assess treatment response in com-
parison to standard of care to determine the optimal treat-
ment segmentation needed to achieve the best outcomes.

It should be noted that all participants received edu-
cation and counseling prior to initiating treatment, and any
positive effects from this support cannot be fully separated
from the effects of bimodal neuromodulation. Previous
research, including the Unification of Treatments and Inter-
ventions for Tinnitus patients trial (Schoisswohl et al., 2025),
has shown that structured counseling can enhance outcomes
when combined with other treatments. However, counseling
alone appears to have limited clinical impact. For example,
Scherer and Formby (2019) reported only a 2.3-point THI
improvement after 12 weeks of using a counseling protocol
comparable to that provided in this study. Similarly, a meta-
analysis by Xiang et al. (2020), which reviewed nine random-
ized controlled trials on educational counseling alone, found
minimal benefit. Among the included studies, Cima et al.
(2012) reported a 1.35-point THI improvement at 12 weeks,
and Henry et al. (2016) found that only 21.8% of participants
achieved a clinically meaningful THI score reduction after
6 months, twice the duration of the current study. These find-
ings suggest that the substantial improvements observed here
are largely unrelated to the effects of educational counseling.

Although controlled clinical trials are the gold
research standard for assessing the effectiveness of a treat-
ment, they do not always or directly translate to the treat-
ment’s effectiveness in a real-world clinical setting. RWE
is critical in confirming whether a treatment is relevant to
patients and health care professionals at the point of care.
The RWE collected as part of this study further demon-
strates how a novel treatment can successfully fit into the
standard-of-care setting within audiology practices and
achieve significant treatment benefits for tinnitus patients,
particularly in a specific patient population that has moderate
or worse tinnitus symptoms. The collection of additional
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RWE will further help identify and predict which tinnitus
patients can achieve optimal outcomes with the Lenire
device, which could successfully guide clinicians how best
to treat each individual patient.

Author Contributions

Craig A. Kasper: Conceptualization, Methodology,
Investigation, Data validation, Formal analysis, Writing —
original draft, Writing — review & editing. Juliana M. May:
Conceptualization, Methodology, Investigation, Data vali-
dation, Formal analysis, Writing — original draft, Writing —
review & editing. Natalie E. Crossland: Investigation, Writing —
original draft, Writing — review & editing. Hubert H. Lim:
Conceptualization, Methodology, Data validation, Formal
analysis, Writing — original draft.

Data Availability Statement

All relevant data associated with the published study
are present in the article or in the supplemental materials.
Source data related to the images presented in the article are
included with this article. Access to the raw individual-level
data may be obtained, contingent upon appropriate ethics
approval and data-sharing agreements, by contacting Craig
A. Kasper via clinicaldataqueries@neuromoddevices.com for
the purpose of confirming the analysis in the article. Responses
to valid requests will be reasonably attempted and initiated
within 10 working days of receipt beginning 3 months and
ending 5 years after the publication of this article.

Acknowledgments

The majority of activities were conducted as part of
the day-to-day clinical operations of New York Hearing
Doctors (NYHD). NYHD used its own internal funds to
support the retrospective chart review tasks. Neuromod
used its own internal funds to support personnel to assist
in retrospective chart review tasks and technical assis-
tance, and paid the ethics application fees. No additional
funds were received or paid to NYHD. The authors
would like to thank the team at the New York Hearing
Doctors practice for their cooperation and assistance
related to clinic administration and data queries. The
authors also extend their thanks to S. L. Leong and E.
Meade at Neuromod Devices Ltd., who provided support
for the completion of the ethics submission, study moni-
toring, and data verification for this study. The authors
are grateful to the institutional review board for their
review and determination that the study meets the require-
ments of 45 C.F.R. 46.104(d)(4).

References

Baguley, D., McFerran, D., & Hall, D. (2013). Tinnitus. The
Lancet, 382(9904), 1600-1607. https://doi.org/10.1016/S0140-
6736(13)60142-7

Biswas, R., Lugo, A., Akeroyd, M. A., Schlee, W., Gallus, S., &
Hall, D. A. (2022). Tinnitus prevalence in Europe: A multi-
country cross-sectional population study. The Lancet Regional
Health—Europe, 12, Article 100250. https://doi.org/10.1016/j.
lanepe.2021.100250

Boedts, M., Buechner, A., Khoo, S. G., Gjaltema, W., Moreels,
F., Lesinski-Schiedat, A., Becker, P., MacMahon, H.,
Vixseboxse, L., Taghavi, R., Lim, H. H., & Lenarz, T. (2024).
Combining sound with tongue stimulation for the treatment
of tinnitus: A multi-site single-arm controlled pivotal trial.
Nature Communications, 15(1), Article 6806. https://doi.org/
10.1038/s41467-024-50473-z

Budd, R. J., & Pugh, R. (1996). Tinnitus coping style and its rela-
tionship to tinnitus severity and emotional distress. Journal of
Psychosomatic Research, 41(4), 327-335. https://doi.org/10.
1016/S0022-3999(96)00171-7

Buechner, A., Lesinski-Schiedat, A., Becker, P., & Lenarz, T.
(2022). Real-world clinical experience with bimodal neuromod-
ulation for the treatment of tinnitus—A case series. Brain Stim-
ulation, 15(2), 383-384. https://doi.org/10.1016/j.brs.2022.01.022

Cima, R. F. F., Maes, 1. H., Joore, M. A., Scheyen, D. J. W. M.,
El Refaie, A., Baguley, D. M., Anteunis, L. J. C., van Breukelen,
G. J. P, & Vlaeyen, J. W. S. (2012). Specialised treatment
based on cognitive behaviour therapy versus usual care for tinni-
tus: A randomised controlled trial. The Lancet, 379(9830), 1951—
1959. https://doi.org/10.1016/S0140-6736(12)60469-3

Conlon, B., Hamilton, C., Meade, E., Leong, S. L., Connor,
C. O., Langguth, B., Vanneste, S., Hall, D. A., Hughes, S., &
Lim, H. H. (2022). Different bimodal neuromodulation set-
tings reduce tinnitus symptoms in a large randomized trial.
Scientific Reports, 12(1), Article 10845. https://doi.org/10.
1038/341598-022-13875-x

Conlon, B., Langguth, B., Hamilton, C., Hughes, S., Meade, E.,
Connor, C. O., Schecklmann, M., Hall, D. A.,Vanneste, S.,
Leong, S. L., Subramaniam, T., D’Arcy, S., & Lim, H. H.
(2020). Bimodal neuromodulation combining sound and ton-
gue stimulation reduces tinnitus symptoms in a large random-
ized clinical study. Science Translational Medicine, 12(564),
Article eabb2830. https://doi.org/10.1126/scitranslmed.abb2830

Engelke, M., Basso, L., Langguth, B., Zeman, F., Schlee, W.,
Schoisswohl, S., Cima, R., Kikidis, D., Lopez-Escamez, J. A.,
Briiggemann, P., Mazurek, B., & Simdes, J. P. (2025). Estima-
tion of minimal clinically important difference for Tinnitus
Handicap Inventory and Tinnitus Functional Index. Otolaryn-
gology—Head and Neck Surgery, 173(1), 69-79. https://doi.
org/10.1002/0hn.1217

Henry, J. A., Stewart, B. J., Griest, S., Kaelin, C., Zaugg, T. L.,
& Carlson, K. (2016). Multisite randomized controlled trial to
compare two methods of tinnitus intervention to two control
conditions. Ear and Hearing, 37(6), €346-e359. https://doi.org/
10.1097/AUD.0000000000000330

Langguth, B., & De Ridder, D. (2023). Minimal clinically impor-
tant difference of tinnitus outcome measurement instruments—
A scoping review. Journal of Clinical Medicine, 12(22), Article
7117. https://doi.org/10.3390/jcm 12227117

Markovitz, C. D., Smith, B. T., Gloeckner, C. D., & Lim, H. H.
(2015). Investigating a new neuromodulation treatment for
brain disorders using synchronized activation of multimodal

Kasper et al.: Bimodal Neuromodulation for Tinnitus in Clinic 13

Downloaded from: https://pubs.asha.org 37.228.230.6 on 01/27/2026, Terms of Use: https://pubs.asha.org/pubs/rights and_permissions


mailto:clinicaldataqueries@neuromoddevices.com
https://doi.org/10.1016/S0140-6736(13)60142-7
https://doi.org/10.1016/S0140-6736(13)60142-7
https://doi.org/10.1016/j.lanepe.2021.100250
https://doi.org/10.1016/j.lanepe.2021.100250
https://doi.org/10.1038/s41467-024-50473-z
https://doi.org/10.1038/s41467-024-50473-z
https://doi.org/10.1016/S0022-3999(96)00171-7
https://doi.org/10.1016/S0022-3999(96)00171-7
https://doi.org/10.1016/j.brs.2022.01.022
https://doi.org/10.1016/S0140-6736(12)60469-3
https://doi.org/10.1038/s41598-022-13875-x
https://doi.org/10.1038/s41598-022-13875-x
https://doi.org/10.1126/scitranslmed.abb2830
https://doi.org/10.1002/ohn.1217
https://doi.org/10.1002/ohn.1217
https://doi.org/10.1097/AUD.0000000000000330
https://doi.org/10.1097/AUD.0000000000000330
https://doi.org/10.3390/jcm12227117

pathways. Scientific Reports, 5(1), 1-12. https://doi.org/10.
1038/srep09462

McCombe, A., Baguley, D., Coles, R., McKenna, L., McKinney, C.,
& Windle-Taylor, P. (2001). Guidelines for the grading of
tinnitus severity: The results of a working group commis-
sioned by the British Association of Otolaryngologists,
Head and Neck Surgeons, 1999. Clinical Otolaryngology &
Allied Sciences, 26(5), 388-393. https://doi.org/10.1046/j.
1365-2273.2001.00490.x

McCormack, A., Edmondson-Jones, M., Somerset, S., & Hall, D.
(2016). A systematic review of the reporting of tinnitus preva-
lence and severity. Hearing Research, 337, 70-79. https://doi.
org/10.1016/j.heares.2016.05.009

McMahan, E. E., & Lim, H. H. (2025). Retrospective chart
review demonstrating effectiveness of bimodal neuromodu-
lation for tinnitus treatment in a clinical setting. Communi-
cations Medicine, 5(1), Article 112. https://doi.org/10.1038/
s43856-025-00837-3

Newman, C. W., Jacobson, G. P., & Spitzer, J. B. (1996).
Development of the Tinnitus Handicap Inventory. Archives of
Otolaryngology—Head & Neck Surgery, 122(2), 143-148. https://
doi.org/10.1001/archotol.1996.01890140029007

Scherer, R. W., & Formby, C. (2019). Effect of tinnitus retraining
therapy vs standard of care on tinnitus-related quality of life:
A randomized clinical trial. JAMA Otolaryngology—Head &

14 American Journal of Audiology e 1-14

Neck Surgery, 145(7), 597-608. https://doi.org/10.1001/jamaoto.
2019.0821

Schlee, W., Langguth, B., De Ridder, D., Vanneste, S., Kleinjung,
T., & Meller, A. R. (Eds.). (2024). Textbook of tinnitus.
Springer. https://doi.org/10.1007/978-3-031-35647-6

Schoisswohl, S., Basso, L., Simoes, J., Engelke, M., Langguth,
B., Mazurek, B., Lopez-Escamez, J. A., Kikidis, D., Cima,
R., Bernal-Robledano, A., Bocking, B., Bulla, J., Cederroth,
C. R., Crump, H., Denys, S., Escalera-Balsera, A., Gallego-
Martinez, A., Gallus, S., Goedhart, H., ... Schlee, W.
(2025). Single versus combination treatment in tinnitus: an
international, multicentre, parallel-arm, superiority, rando-
mised controlled trial. Nature Communications. https://doi.
org/10.1038/s41467-025-66165-1

Xiang, T., Zhong, J., Lu, T., Pu, J., Liu, L., Xiao, Y., & Lai, D.
(2020). Effect of educational counseling alone on people with
tinnitus: Meta-analysis of randomized controlled trials.
Patient Education and Counseling, 103(1), 44-54. https://doi.
org/10.1016/j.pec.2019.07.031

Zeman, F., Koller, M., Figueiredo, R., Aazevedo, A., Rates, M.,
Coelho, C., Kleinjung, T., De Ridder, D., Langguth, B., &
Landgrebe, M. (2011). Tinnitus Handicap Inventory for evalu-
ating treatment effects: Which changes are clinically relevant?
Otolaryngology—Head and Neck Surgery, 145(2), 282-287.
https://doi.org/10.1177/0194599811403882

Downloaded from: https://pubs.asha.org 37.228.230.6 on 01/27/2026, Terms of Use: https://pubs.asha.org/pubs/rights and_permissions


https://doi.org/10.1038/srep09462
https://doi.org/10.1038/srep09462
https://doi.org/10.1046/j.1365-2273.2001.00490.x
https://doi.org/10.1046/j.1365-2273.2001.00490.x
https://doi.org/10.1016/j.heares.2016.05.009
https://doi.org/10.1016/j.heares.2016.05.009
https://doi.org/10.1038/s43856-025-00837-3
https://doi.org/10.1038/s43856-025-00837-3
https://doi.org/10.1001/archotol.1996.01890140029007
https://doi.org/10.1001/archotol.1996.01890140029007
https://doi.org/10.1001/jamaoto.2019.0821
https://doi.org/10.1001/jamaoto.2019.0821
https://doi.org/10.1007/978-3-031-35647-6
https://doi.org/10.1038/s41467-025-66165-1
https://doi.org/10.1038/s41467-025-66165-1
https://doi.org/10.1016/j.pec.2019.07.031
https://doi.org/10.1016/j.pec.2019.07.031
https://doi.org/10.1177/0194599811403882

	Bimodal Neuromodulation for Tinnitus in a Clinical Practice Setting: Clinically Significant Benefit for Patients With Moderate or Worse�Symptoms
	ABSTRACT
	Method
	Study Design
	Patients
	Clinical End Points
	Field Safety Reporting
	Statistical Analyses
	RWE Quality Assurance

	Results
	Patient Disposition and Characteristics of Study Patients
	High Responder Rate in the Moderate or Worse Tinnitus Severity Group With Further Improvements Over Time
	Better Outcomes With Lenire Treatment for More Severe Tinnitus Patients

	Discussion
	Author Contributions
	Data Availability Statement
	Acknowledgments
	References



