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Repetitive Transcranial Magnetic Stimulation Treatment

for Chronic Tinnitus

A Randomized Clinical Trial

Robert L. Folmer, PhD; SarahM. Theodoroff, PhD; Linda Casiana, MS, CCRP; Yongbing Shi, MD, PhD;

Susan Griest, MPH; Jay Vachhani, AuD

IMPORTANCE Chronic tinnitus negatively affects the quality of life for millions of people. This

clinical trial assesses a potential treatment for tinnitus.

OBJECTIVES To determine if repetitive transcranial magnetic stimulation (rTMS) can reduce

the perception or severity of tinnitus and to test the hypothesis that rTMSwill result in a

statistically significantly greater percentage of responders to treatment in an active rTMS

group compared with a placebo rTMS group.

DESIGN, SETTING, AND PARTICIPANTS A randomized, participant and clinician or

observer–blinded, placebo-controlled clinical trial of rTMS involving individuals who

experience chronic tinnitus. Follow-up assessments were conducted at 1, 2, 4, 13, and 26

weeks after the last treatment session. The trial was conducted between April 2011 and

December 2014 at Portland Veterans Affairs Medical Center among 348 individuals with

chronic tinnitus who were initially screened for participation. Of those, 92 provided informed

consent and underwent more detailed assessments. Seventy individuals met criteria for

inclusion and were randomized to receive active or placebo rTMS. Sixty-four participants (51

men and 13 women, with a mean [SD] age of 60.6 [8.9] years) were included in the data

analyses. No participants withdrew because of adverse effects of rTMS.

INTERVENTIONS Participants received 2000 pulses per session of active or placebo rTMS at a

rate of 1-Hz rTMS daily on 10 consecutive workdays.

MAIN OUTCOMES ANDMEASURES The Tinnitus Functional Index (TFI) was themain study

outcome. Our hypothesis was tested by comparing baseline and posttreatment TFIs for each

participant and group.

RESULTS Overall, 18 of 32 participants (56%) in the active rTMS group and 7 of 32

participants (22%) in the placebo rTMS group were responders to rTMS treatment. The

difference in the percentage of responders to treatment in each group was statistically

significant (χ2
1 = 7.94, P < .005).

CONCLUSIONS AND RELEVANCE Application of 1-Hz rTMS daily for 10 consecutive workdays

resulted in a statistically significantly greater percentage of responders to treatment in the

active rTMS group compared with the placebo rTMS group. Improvements in tinnitus severity

experienced by responders were sustained during the 26-week follow-up period. Before this

procedure can be implemented clinically, larger studies should be conducted to refine

treatment protocols.
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T
innitus (the perception of ringing or other phantom

sounds in the ears or head) is perceived by 10% to 15%

of the adult population.1 Of those individuals who ex-

perience chronic tinnitus, approximately 20%consider it tobe

a “clinically significant” problem.2 Because chronic tinnitus

is a condition that negatively affects the quality of life formil-

lions of people worldwide,3-11 a safe and effective treatment

for tinnitus has been sought for decades.

Transcranial Magnetic Stimulation

Transcranial magnetic stimulation (TMS) is a noninvasive in-

tervention that involves delivering electromagnetic pulses

through a coil to the patient’s scalp. Ultimately, some of this

energy is transmitted through the skull and affects the activ-

ity of underlying neural tissue (Theodoroff and Folmer12 pro-

vide a history and overview of TMS). Low-frequency repeti-

tive TMS (rTMS) (eg, 1 Hz) is known to reduce neural activity

indirectly stimulatedbrain regions13,14and in structurally con-

nected remote brain regions.15 For these reasons, low-

frequency rTMS has been proposed as an innovative treat-

ment strategy for pathologic conditions associated with

increased cortical activity, including tinnitus.16

Mechanisms of Tinnitus

Several functional imaging studies17-20 have shown that indi-

vidualswhoexperience tinnitushave increasedactivity in the

auditory cortex compared with control subjects, even in the

absence of external auditory stimuli. Other studies21-23 dem-

onstrated that nonauditory brain regions might also contrib-

ute to the perception or severity of tinnitus. Because the neu-

ral mechanisms of tinnitus make the condition a good

candidate for suppression by rTMS, this procedure has been

investigatedasapotential treatment forchronic tinnitusbysev-

eral different groups of researchers around the world (The-

odoroff and Folmer12 provide a review).

Although rTMS has the potential to be an effective treat-

mentmethod for tinnitus and recent evidence demonstrated

improved effectiveness of the protocols,12 several procedural

issues andconcerns remain.These include small sample sizes,

lackofadequateplacebocontrols, inadequateblindingof study

participants and researchpersonnel, variability becauseof di-

verse outcomemeasures, and laterality of coil placement rela-

tive to patients’ perception of tinnitus (left side, right side, in

the middle, or at the back of the head).

The clinical trial described herein addressed some of these

issues by including a state-of-the-art placebo and control con-

dition, participant andclinicianblinding, improvedparticipant

evaluationmethods, andoutcomemeasures that include long-

term follow-up. The hypotheses for this studywere the follow-

ing: (1) application of rTMS daily for 10 consecutive workdays

will result inastatistically significantlygreaterpercentageof re-

sponders to treatment in an active rTMS group comparedwith

a placebo rTMS group, (2) the effectiveness of rTMSwill be sig-

nificantlygreaterwhenstimulation isdeliveredtothesideof the

participants’ head ipsilateral to the sidewhere their perception

of tinnitus is loudestcomparedwithstimulationdeliveredtothe

side of the head contralateral to maximal tinnitus perception,

and (3) improvements in tinnitus severity experienced by re-

sponderswillbesustainedduringthefollow-upperiod,andnon-

responders will not experience significant changes in tinnitus

severity during the follow-up period.

Methods

All procedures for recruitment, informed consent, and con-

duct of the study adhered to the requirements of the Institu-

tionalReviewBoard at PortlandVeteransAffairsMedical Cen-

ter, where the study was conducted between April 2011 and

December2014.Thisstudywasaprospective, randomized,par-

ticipant and clinician or observer–blinded, placebo-

controlled, parallel-group clinical trial of rTMS involving in-

dividualswhoexperience chronic tinnitus.The studyprotocol

can be found in the trial protocol in Supplement 1. Sixty-four

eligible participants (51men and 13women,with amean [SD]

ageof60.6 [8.9]years)were randomized to receiveactive rTMS

treatment or placebo rTMS treatment to the left or right tem-

poral region of their head. Participants received 2000 pulses

per sessionofactiveorplaceborTMSata rateof 1-HzrTMSdaily

on 10 consecutive workdays. Outcomes were measured be-

fore the start of treatmentand immediately after the last (10th)

TMS session. Follow-up evaluationswere conducted at 1, 2, 4,

13, and 26 weeks after the last treatment session.

At the initialappointment,a researchteammember (S.M.T.,

L.C.,orJ.V.)obtainedwritteninformedconsentfromparticipants

andadministeredtheMini-MentalStateExamination.24AMini-

Mental State Examination score of at least 24was required for

participation in the study to identify and exclude individuals

with dementia or other forms of cognitive impairment. A re-

search teammember also administered baseline assessments,

including the following:TinnitusHistoryQuestionnaire,Hear-

ing History Questionnaire, Medical History Questionnaire, vi-

sual numerical scale (VNS) for self-rated tinnitus loudness

(range,0-10),TinnitusFunctional Index(TFI),25TinnitusHandi-

capInventory(THI),26BeckDepressionInventoryII,27andState-

Trait Anxiety Inventory.28 The primary outcomemeasure was

the TFI, and all othermeasures were secondary outcomes.

Halfof theparticipantswererandomizedtotheactiverTMS

group, and the other half of the participants were random-

ized to the placebo rTMS group. All participants were treated

dailywith active or placebo rTMSover aperiodof 2weeks. Re-

petitive TMS was administered according to safety guide-

lines establishedbyWassermann29 andbyRossi et al.30Trans-

cranial magnetic stimulators (Magstim Rapid2; Magstim

Company Ltd) and active and placebo TMS coils (MagstimAir

Film;MagstimCompanyLtd)wereused in this study. Thepla-

cebocoilwas identical in appearance to theactive coil andpro-

duced sounds and scalp sensations that were similar to those

producedby theactive coil. Themanufacturer (MagstimCom-

pany Ltd) asserts that the placebo coil contains a metal plate

that blocks much of the magnetic field it generates from af-

fecting neural activity. Participantswere randomized to 1 of 2

parallel groupswith the followingstimulationparameters: 1-Hz

rTMS, stimulation intensity of 110%or lower related to the in-

dividual restingmotor threshold,with the figure-of-eight coil

positioned over the auditory cortex (the TMS target location
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specified byLangguth et al31). For additional details about the

study procedures, see the eMethods in Supplement 2.

Results

TheConsolidatedStandardsofReportingTrialsparticipant flow

diagram for this study is shown in Figure 1. The proportions

of randomized participants in each tinnitus laterality group

were 30% (21 of 70) right-side dominant, 34% (24 of 70) left-

side dominant, and 36% (25 of 70) central.

Participant Characteristics

Table 1 lists characteristics of 32 participants who received

active 1-Hz rTMS and 32 participants who received placebo

1-Hz rTMS. Comparing baseline characteristics of the active

Figure 1. Consolidated Standards of Reporting Trials Participant FlowDiagram

348 Individuals screened for eligibility

92 Individuals provided informed consent
and were formally assessed (questionnaires
and cognitive test administered; physical
examination conducted) for eligibility

22 Excluded

15 Did not meet inclusion criteria

6 Refused to participate

1 Other reasons

70 Randomized

Active rTMS group

35 Randomized to receive intervention

34 Received intervention as randomized

1 Did not receive intervention as
randomized

Placebo rTMS group

35 Randomized to receive intervention

34 Received intervention as randomized

1 Did not receive intervention as
randomized

0 Lost to follow-up

2 Discontinued intervention (reasons: 1
individual acquired illness unrelated to this
study; 1 individual started a new job)

32 Included in analysis

1 Lost to follow-up (reason: suspected 
drug abuse)

1 Discontinued intervention (reason: individual
acquired illness unrelated to this study)

32 Included in analysis

Shown are the numbers of

participants screened for eligibility,

excluded, and included in the data

analyses for this study. rTMS

indicates repetitive transcranial

magnetic stimulation.

Table 1. Characteristics of Study Participants

Characteristic

Active
rTMS Group
(n = 32)

Placebo
rTMS Group
(n = 32)

P Value for
Between-Group
Comparison

Men, No. 25 26 .89

Age, mean (SD), y 58.3 (9.5) 62.8 (8.3) .06

Duration of tinnitus, No.

1-2 y 4 2 .41

3-5 y 6 3 .32

6-10 y 5 3 .48

11-20 y 9 4 .17

>20 y 8 20 .02

Baseline Tinnitus Functional Index, mean (SD) 44.8 (19.4) 40.6 (22.2) .42

Baseline visual numerical scale tinnitus loudness,
mean (SD)

7.0 (1.4) 7.4 (1.2) .22

Baseline Tinnitus Handicap Inventory score, mean (SD) 32.1 (21.2) 29.0 (20.1) .55

Baseline Beck Depression Inventory II score, mean (SD) 6.8 (8.2) 5.4 (6.8) .46

Baseline State Anxiety Inventory score, mean (SD) 31.8 (9.7) 29.1 (8.1) .23

Tinnitus loudness match on the loudest side for a 1-kHz
pure tone, mean (SD), dB sensation level

23.7 (12.9) 23.4 (13.5) .93

Minimal masking level, mean (SD), dB sensation level 41.1 (19.8) 33.8 (16.8) .12

Resting motor threshold, mean (SD), % 59.6 (4.6) 61.7 (5.1) .09

TMS intensity, mean (SD), % 56.9 (3.9) 60.8 (7.7) .002
Abbreviation: rTMS, repetitive

transcranial magnetic stimulation.
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and placebo groups, the only statistically significant differ-

ences were duration of tinnitus and TMS intensity.

Primary OutcomeMeasure

Figure 2 and Table 2 summarize the change from baseline in

the TFI for both study groups at all posttreatment assess-

ment time points. The active rTMS group exhibited statisti-

cally significant reductions inTFIs at all posttreatment assess-

ments, with the greatest improvement at 26weeks after their

last TMS session. The placebo rTMS group exhibited statisti-

cally significant reductions in TFIs at 2 weeks (4.3-point de-

crease), 4 weeks (4.8-point decrease), and 13 weeks (5.0-

pointdecrease) after treatment.However, these improvements

were not sustained by the placebo rTMS group at the 26-week

assessment (2.9-point decrease).While the active rTMSgroup

as a whole exhibited a 30.8% reduction in the TFI at the 26-

week follow-up assessment comparedwith baseline, the pla-

cebo rTMS group as a whole exhibited only a 7.1% reduction

in theTFI at the26-week follow-upassessment comparedwith

baseline.

Responders to rTMSwereparticipantswho improvedmore

than 7 points on the total TFI frombaseline to the end of their

lastTMSsession.Using thiscriterion, 18of32participants (56%)

in the active rTMS group and 7 of 32 participants (22%) in the

placebo rTMS group were responders to TMS treatment. The

difference in thepercentageof responders to treatment ineach

groupwas statistically significant (χ2
1 = 7.94,P < .005).Table 3

lists the percentage of responders in each treatment group at

eachpost-rTMSassessment. The authors of theTFI (Meikle et

al25) proposed that clinically significant improvement in tin-

nitus severity would require a reduction in the TFI of 24% or

more. In thepresent study, responders toTMSexhibitedpost-

treatment reductions inTFIs of 24%ormore immediately fol-

lowing the last (10th) rTMSsession andat all follow-upassess-

ments (eTables 1, 2, 3, and 4 in the eResults in Supplement 2).

The TFI effect sizes ranged from 1.2 to 1.9 for responders

in the active rTMSgroupatdifferent follow-up timepoints, in-

dicating that rTMS facilitated clinically significant improve-

ment in tinnitus severity that persisted for at least 6 months.

Baseline TFIs ranged from 10 to 82 for the active rTMS group

and from 6 to 92 for the placebo rTMS group. This wide range

of baseline TFIs contributed to the variable responsiveness to

rTMS exhibited by participants in this study. The mean (SD)

TFI at baseline for 25 responders (18who receivedactive rTMS

and 7 who received placebo rTMS) was 52.4 (19.6), while the

mean (SD) TFI at baseline for 39 nonresponders (14 who re-

ceivedactive rTMSand25whoreceivedplaceborTMS)was36.5

(19.8). All 11 participants in the active rTMS groupwho scored

50 or higher on baseline TFI assessment exhibited statisti-

cally significant improvement after rTMS treatment, but only

4 of 11 participants in the placebo rTMS group who scored 50

orhigheronbaselineTFIassessmentexhibitedstatistically sig-

nificant improvement after rTMS treatment.

Secondary OutcomeMeasures andOther Findings

Additional information and data are available in the eResults

in Supplement 2. These data include the following: second-

ary outcomemeasures (eTables 5, 6, 7, 8, 9, and 10 in the eRe-

sults in Supplement 2), laterality of tinnitus perception vs lat-

erality of rTMS for responders and nonresponders (eTable 11

in the eResults in Supplement 2), duration of tinnitus percep-

tion for responders and nonresponders, effectiveness of the

TMS placebo coil (eTable 12 in the eResults in Supplement 2),

Figure 2. Change in Tinnitus Functional Index
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Shown is the change from baseline for the repetitive transcranial magnetic

stimulation (rTMS) groups at all posttreatment assessment time points among

64 participants (32 in the active rTMS group and 32 in the placebo rTMS group).

Table 2. Change in Tinnitus Functional Index (TFI) FromBaseline for Both Study Groups

Time

Change at Time After the Last Treatment Session, Mean (SD)

Placebo
rTMS Groupa P Value Effect Size

Active
rTMS Groupb P Value Effect Size

P Value for
Between-Group
Comparison

Immediately after −1.8 (10.5) 0.34 0.17 −5.2 (11.8) 0.02 0.44 0.23

1 wk −2.8 (13.4) 0.25 0.21 −9.8 (11.9) <.001 0.82 0.03

2 wk −4.3 (11.0) 0.04 0.39 −10.8 (12.5) <.001 0.86 0.03

4 wk −4.8 (12.0) 0.03 0.40 −8.5 (12.4) <.001 0.68 0.24

13 wk −5.0 (12.7) 0.04 0.39 −10.6 (16.3) <.001 0.65 0.11

26 wk −2.9 (15.8) 0.31 0.18 −13.8 (15.2) <.001 0.92 0.007

Abbreviation: rTMS, repetitive transcranial magnetic stimulation.

a Themean (SD) baseline TFI was 40.6 (22.2).

bThemean (SD) baseline TFI was 44.8 (19.4).
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other effects of TMS, clinical trial dropouts andmissing data,

and 10 individuals in the placebo rTMS group who returned

to receive active rTMS.

Discussion

Results from this clinical trial indicate that rTMSmight be an

effective and viable treatment option for some patients who

experience chronic tinnitus. Several other studies12,32,33 have

also reached this conclusion, but some of these studies31,34-36

involved fewer participants and other studies36-39 did not in-

clude a placebo (control) condition. In the present study, hy-

pothesis 1was supported: applicationof rTMSdaily for 10 con-

secutiveworkdaysresulted inastatisticallysignificantlygreater

percentageof responders to treatment in theactive rTMSgroup

(56% [18 of 32]) compared with the placebo rTMS group (22%

[7 of 32]). However, hypothesis 2 was not supported by study

data: the effectiveness of rTMS was not significantly greater

when stimulation was delivered to the side of the partici-

pants’head ipsilateral to the sidewhere theirperceptionof tin-

nitus is loudestcomparedwithstimulationdeliveredto theside

of thehead contralateral tomaximal tinnitusperception.Data

from additional participants will be necessary to definitively

address the issue of the side of rTMS stimulation vs laterality

of tinnitus perception. Finally, hypothesis 3was supported in

the present study: improvements in tinnitus severity experi-

enced by responderswere sustainedduring the follow-uppe-

riod. The group of nonresponders experienced no significant

changes in tinnitus severity during the follow-up period. Al-

though theprimary outcomemeasure of this clinical trial (the

TFI) exhibited significant changes for many participants fol-

lowingTMStreatment, theVNSfor tinnitus loudnessandother

secondary outcome measures were less responsive or sensi-

tive to treatment-related change.

Factors That Contribute to the Effectiveness

of 1-Hz rTMS for Tinnitus Treatment

Themost obvious characteristic that contributed to studypar-

ticipants’ being responders to rTMSwas their TFI at baseline.

The mean (SD) TFI at baseline for 25 responders (18 who re-

ceivedactive rTMSand7who receivedplacebo rTMS)was52.4

(19.6), while the mean (SD) TFI at baseline for 39 nonre-

sponders (14 who received active rTMS and 26 who received

placebo rTMS)was 36.5 (19.8). One could argue that individu-

als with higher TFIs are more susceptible to the placebo ef-

fects of a novel and somewhat exotic treatment such as TMS.

However, individualswithhighTFIs (and tinnitus severity) ex-

perience the greatest negative effect of tinnitus and therefore

have the greatest need for clinical help and care. The fact that

many participants in this study with high TFIs exhibited sig-

nificant and sustained reductions in tinnitus severity after un-

dergoing 10 sessionsofTMSprovides compelling evidence for

the efficacy of this treatment. Given these findings, it is likely

that baseline TFIs are among the factors that could be used to

identify patientswith tinnituswho aremost likely to respond

favorably to TMS treatment.

It was somewhat surprising that most of the other out-

comemeasures in this study did not change significantly fol-

lowing rTMS treatment. For example, comparedwith theTFIs

(which consist of ratings on 25 different scales ranging from 0

to 10), the VNS scores listed in eTable 5 in the eResults in

Supplement 2 demonstrate the limitations of a single scale for

detecting change following tinnitus treatment. Meikle et al

stated: “Effect sizes for theTFIweregenerally larger than those

obtained for theVAS [visual analog scale].”25(p153)Theycontin-

ued:“TheTFI shouldbeuseful inbothclinical andresearchset-

tingsbecauseof its responsiveness totreatment-relatedchange,

validity for scaling the overall severity of tinnitus, and com-

prehensive coverage of multiple domains of tinnitus

severity.”25(p153)Results fromour clinical trial support theseas-

sertions regarding theusefulnessof theTFI for tinnitus assess-

ment and the limited responsiveness of a single VNS or visual

analog scale, such as our VNS for self-rated tinnitus loudness.

In their systematic review of tinnitus outcomemeasures,

Kamalski et al40evaluated6differentquestionnaires (theTHI,

TinnitusQuestionnaire,TinnitusReactionQuestionnaire,Tin-

nitus Severity Index, Tinnitus Handicap Questionnaire, and

Tinnitus Severity Questionnaire) that have been used to as-

sesshealth-relatedquality of life inpublished studies. Theau-

thorsconcludedthatall these instruments“werevalidatedonly

fordiscriminativeuse”40(p183)and thatnoneof themhavebeen

“validated for evaluative purposes, which is necessary to be

useful in clinical trials.”40(p183) Therefore, these question-

nairesmaynot adequatelymeasure the effectiveness of inter-

vention therapies for tinnitus.

In 2014, the American Academy of Otolaryngology pub-

lished clinical practice guidelines for tinnitus.41 Statement 13

of the report recommended the following: “Clinicians should

not recommend TMS for the treatment of patients with per-

sistent, bothersome tinnitus.”41(pS30) The report cited 2 ar-

ticles byPiccirillo and colleagues42,43 andother studies as evi-

denceagainst theefficacyof rTMSfor the treatmentof tinnitus.

Unfortunately, these cited studies used the THI or Tinnitus

Questionnaireasoutcomemeasures,whichasstated in thepre-

viousparagraphmaynot adequately or sufficiently assess the

effectiveness of rTMS for tinnitus. Certainly, selection of the

most appropriateoutcomemeasure is key for anyclinical trial.

Perhaps thedecisionbyPiccirillo andcolleagues42,43 touse

the THI as the main outcomemeasure for their 2011 and 2013

studies of 1-Hz rTMS for tinnitus contributed to their findings

Table 3. Percentage of Responders to Repetitive Transcranial Magnetic

Stimulation (rTMS) Treatment (Based on Decrease of >7 Tinnitus

Functional Index Points ComparedWith Baseline)

Time

Responders at Time After the Last Treatment Session

Placebo
rTMS
Group, %

Active
rTMS
Group, %

P Value for
Between-Group
Comparison

Immediately
after

22 56 0.005

1 wk 31 50 0.13

2 wk 41 66 0.05

4 wk 41 59 0.13

13 wk 38 59 0.08

26 wk 38 66 0.02
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that active rTMSwasnotmore effective thanplacebo rTMS. In

addition to different outcomemeasures, several other factors

might alsohelp to explain thedisparate results obtained in the

present study comparedwith those reported by Piccirillo and

colleagues, includingscalptarget forTMS,samplesize,andtheir

use of a crossover design. These issues have been discussed

previously.44 The intensity of rTMS also contributes to the ef-

fectiveness of this treatment. Piccirillo and colleagues ap-

plied rTMSat an intensity of 110%of eachparticipant’s resting

motor threshold. However, because the present study used a

differentmethodtodeterminerestingmotor threshold, it isdif-

ficult to compareourvalueswith those reportedby them.Also,

PiccirilloandcolleaguesusedaNeuroneticsTMSsystem,while

thepresent studyusedaMagstimCompanyLtdsystem.There-

fore, it is not possible to compare the intensity of rTMS deliv-

eredduring these studies. If the intensity of active rTMS inour

studywas significantly greater than that usedbyPiccirillo and

colleagues, this difference could also contribute to the dispar-

ity in study results.

Limitations

Although results of the present study are encouraging, the

sample size was small. We plan to continue and expand this

clinical trial to address 6 questions.

First, will the magnitude of improvement in tinnitus se-

verity (24% or more as measured by the TFI) exhibited by re-

sponders toactive rTMSremainconsistentwhenadditional in-

dividuals participate in the clinical trial? Second, will

improvement in tinnitus severity (asmeasuredby theTFI) ex-

hibited by responders to rTMS persist for 12months or longer

comparedwith 6months in the present study? Third, what is

the optimal side of rTMS stimulation (left or right) for indi-

viduals who perceive tinnitus primarily on the right side, left

side,or equallyonbothsidesor centralized?Fourth, are5 rTMS

sessions as effective as 10 rTMS sessions for reducing tinnitus

severity (as measured by the TFI)?

Fifth, which characteristics of individuals or their tinni-

tus contribute to patients’ responding or not responding

favorably to rTMS treatment? For example, Kleinjung et al45

reported that patients in their study who had experienced

tinnitus longer than 10 years did not respond as favorably to

1-Hz rTMS as patients who had experienced tinnitus for

shorter durations. In the present study, participants in the

active rTMS group who had experienced tinnitus for at least

11 years exhibited greater reductions in tinnitus severity

compared with participants who had experienced tinnitus

for 1 to 10 years.

Sixth, if the intensity of placebo stimulation is reduced to

30%or 40%,will the percentage of responders in the placebo

rTMS group (22% [7 of 32] in this study) decrease? Because 7

individuals in theplaceborTMSgroupexhibitedsignificant im-

provement in TFIs, it is possible that the Magstim Company

Ltd “sham” coil we used is not a completely inert placebo. In

future clinical trials, we plan to reduce the stimulation inten-

sityof theplacebocoil (to40%, asusedbyMennemeier et al46)

to determine if this reduction results in a smaller percentage

of responders for the placebo condition.

Conclusions

If rTMS continues to demonstrate efficacy as a treatment for

tinnitus, future investigations should includemultisite clini-

cal trials. If these larger clinical trials replicate efficacyof rTMS

that has been demonstrated in the present study, then steps

shouldbe taken to implement theprocedure as a clinical treat-

ment for chronic tinnitus.

We do not believe that rTMS should be viewed as a re-

placement for effective tinnitus management strategies that

are available now.2,47-50 Instead, rTMS could augment exist-

ing tinnitus therapies and provide a viable option for patients

who do not respond favorably to other treatments.
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