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eMethods. Supplemental Methods 
 
Participant Recruitment and Screening 
     Participants were recruited from the Portland (Oregon) metropolitan area and were paid $20 
for each appointment they attended, which included the initial appointment, each of the rTMS 
sessions, and each of the follow-up appointments.  Subjects were not paid for missed 
appointments.    
Eligibility Criteria 
Potential candidates were selected using the following inclusion criteria:  
 Chronic tinnitus; Able to provide written informed consent; Subjects had not previously 

experienced TMS at the time of their enrollment. 
 Age: minimum 18 years old. 
 Other concurrent treatments: A four-week washout from any other tinnitus treatment or 

management program was required prior to entering this study.  
 Hearing function: All degrees of hearing function were included, recognizing that 

participants with profound, bilateral losses would not be able to perform tinnitus evaluations 
and hearing tests, but would be able to rate subjective tinnitus loudness, annoyance and 
impact on life.  Tinnitus patients with significant hearing loss is an important subpopulation 
because of the challenges in treating them with acoustic therapy and the need for an 
intervention (e.g., TMS) that is not delivered via air conduction. 

 Tinnitus characteristics:  
o Tinnitus duration: Not less than 1 year. Cases of less than 1 year duration have increased 

likelihood of resolving spontaneously. 
o Stability: Constant (not pulsatile, intermittent, varying to a high degree in loudness or 

changing in location of perception).  Fluctuating tinnitus reduces the reliability of test-retest 
measures. 

o Self-rated tinnitus loudness: 6 or greater on a 0-to-10 scale.   
o Location of tinnitus perception: Unrestricted.  
Exclusion Criteria 
     See Theodoroff & Folmer1 (page 200) for a list of exclusionary criteria that were used for this 
clinical trial.  Some of these include: objective tinnitus; history of seizures or epileptic activity; 
history or evidence of significant brain malformation or neoplasm; cerebral vascular events (such 
as strokes); prior brain surgery; cardiac pace makers; other electronic implants (including 
cochlear implants); intracranial or intraocular metallic particles; drugs that might reduce the 
seizure threshold; pregnancy.     
 
Sample Size: The sample size was limited by the time and resources required to recruit, screen, 
and enroll participants, then to conduct baseline assessments, rTMS sessions and follow-up 
appointments.  Data collection ended in mid-2014 to allow adequate time for data analysis and 
report writing until the end of the project funding period (December 31, 2014).      
 
Randomization: Subjects were stratified by left-dominant, right-dominant, and equal/centrally-
located tinnitus.  Subjects were then randomized according to a stratified 2x2 design, 
corresponding to active vs. placebo and left side of the head vs. right side of the head positioning 
of the rTMS coil.  The study biostatistician generated a randomization list which was used by the 
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PI to assign subject numbers (which specified active/placebo rTMS and left/right side coil 
placement) to participants.  The PI did not administer rTMS sessions or outcome assessments.  
 
  
 
 
 
 
 
 
 
 
Participants who met all requirements during their initial appointment received an 
otolaryngological and physical exam by a physician.  Subjects also underwent an audiological 
evaluation by the study audiologist.  This evaluation included pure tone air and bone conduction 
testing, immittance measures, and speech audiometry. Tinnitus evaluations were then conducted, 
which consisted of tinnitus loudness matching (to a 1000 Hz pure tone) and assessment of 
minimum masking levels (MMLs).  MMLs were determined by measuring the level at which a 
wide-band noise completely masks the tinnitus.  This test was conducted because MMLs are 
sometimes correlated with tinnitus severity and might provide useful information as a secondary 
outcome measure2-3. 
 
Blinding 
Blinding has presented a substantial methodological challenge in previous rTMS studies, 
primarily because clinicians delivering treatment usually knew when active or placebo 
stimulation was being administered. In most studies, it was also easy for research subjects to 
distinguish between active and placebo rTMS conditions.  In this clinical trial, a blinded design 
was used in which everyone except the Principal Investigator (PI) and biostatistician were blind 
to treatment conditions.  Subjects were naïve regarding rTMS treatment and were not informed 
about technical details of rTMS application.  At the beginning of each rTMS session (active or 
placebo), the PI obtained the resting motor threshold (rMT) for each subject.  After rMT was 
assessed, the PI set the appropriate stimulation intensity.   The study audiologist then positioned 
the rTMS coil to contact one side of the subject’s head at the target location (specified by 
Langguth et al.4) and administered 2000 pulses of rTMS to the subject’s head.  Neither the 
clinician nor the subject was able to distinguish between active and placebo stimulation because, 
a) the coils are identical in appearance, and b) the sounds and sensations produced by the active 
coil are replicated by the placebo coil.  To assess the effectiveness of the placebo coil and 
blinding of the trial, all subjects were asked after their final rTMS session to guess whether they 
received active or placebo rTMS treatment.   
________________________________________________________________________ 
  
Treatment group – 32 subjects.  A subgroup of 16 subjects received 2000 pulses of active 
rTMS on the left side of the head during daily sessions for 10 consecutive work days. 
Stimulation rate: 1 Hz; stimulation intensity: 110% of the individual resting motor threshold or 
lower, with the figure-of-eight coil positioned over left auditory cortex.  The coil was placed in 
an adjustable stand that held it against the subject’s head in a fixed location.  During rTMS 
sessions, subjects sat in a comfortable chair with head and neck supports which helped them to 
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minimize movements.  At the beginning of the first treatment session, the individual resting 
motor threshold (rMT) for the right first dorsal interosseus muscle (FDI) of each participant was 
determined by the PI according to procedures described by Silbert et al.5.  The active rTMS coil 
was positioned on the subject’s scalp using a 10–20 EEG-system that has demonstrated ability to 
place the coil over auditory cortex without the need of using magnetic resonance or positron 
emission tomography (PET) guidance4. 
     A second subgroup of 16 subjects received active rTMS on the right side of the head during 
daily sessions for 10 consecutive work days, 1 Hz rTMS, stimulation intensity 110% or lower 
related to the individual resting motor threshold, with the figure-of-eight coil positioned over 
right auditory cortex. Procedures for determining resting motor threshold (rMT) were the same 
as described above, but the TMS coil was positioned over right motor cortex and skin surface 
electrodes were placed on the left hand.   
     Subjects completed the VNS for self-rated tinnitus loudness before and after each session of 
rTMS.  At the conclusion of 10 rTMS sessions, assessments of subjects’ hearing and tinnitus 
were conducted and questionnaires were administered.   
 
Control group – 32 subjects received placebo stimulation during daily sessions for 10 
consecutive work days, 1 Hz rTMS, placebo stimulation intensity 110% or lower related to the 
individual rMT, with figure-of-eight coils positioned over left or right auditory cortices.  
     A subgroup of 16 subjects underwent the same procedure to determine left motor cortex/right 
hand rMT as described above for the treatment group.  These subjects received rTMS on the left 
side of the head.  A second subgroup of 16 subjects underwent the same procedure to determine 
right motor cortex/left hand rMT as described above for the treatment group.  These subjects 
received rTMS on the right side of the head.  
     Control subjects completed the VNS for self-rated tinnitus loudness before and after each 
session of rTMS.  At the conclusion of 10 rTMS sessions, assessments of subjects’ hearing and 
tinnitus were conducted and questionnaires were administered.   
 
Hearing protection: Prior to active or placebo rTMS, the study audiologist inserted foam ear 
plugs into the participants’ ear canals to minimize the effects of rTMS sounds on their hearing 
thresholds and tinnitus.  Ear plugs were not worn during VNS loudness assessments that took 
place before and after each TMS session.      
 
Follow-up: Follow-up appointments were conducted 1, 2, 4, 13 and 26 weeks after the 
conclusion of the final rTMS session.  At each of these appointments, tinnitus assessments were 
conducted and questionnaires were administered.  After they completed the 26-week follow-up 
appointment, subjects who received placebo rTMS were given the opportunity to return to 
NCRAR to receive a series of 10 active rTMS sessions.  Subjects who choose to participate in 
additional rTMS sessions followed procedures described previously for the treatment group.     
 
Data Analysis 
     Subjects who improved by more than 7 points on the Tinnitus Functional Index (TFI)6 
immediately after the last rTMS session (compared to baseline values) were considered 
“Responders” to rTMS treatment.  Hypothesis 1 was tested by using chi-square analysis to 
compare the percentage of Responders to rTMS treatment in the active group with the percentage 
of Responders in the placebo group.  Hypothesis 2 was be tested among subjects receiving active 
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rTMS by comparing outcomes among subjects with ipsilateral coil placement to those 
randomized to contralateral coil placement.  Placebo group subjects and subjects who did not 
have lateralized perception of tinnitus were not used for testing Hypothesis 2. 
 
Missing Data: The imputation strategy implemented to adjust for missing data was to use the 
last observed outcome measure carried forward.  
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eResults. Supplemental Results 
 
Participant Characteristics 
The placebo group included significantly more subjects who perceived tinnitus for more than 20 
years (n=20) than the active group (n=8).  This difference occurred by chance during the 
randomization process.  Another difference between the active and placebo groups: As shown in 
Table 1, the intensity used for placebo rTMS (60.8 ± 7.7%) was slightly greater than the intensity 
used for active rTMS (56.9 ± 3.9%).  There are 2 reasons for this discrepancy: 1) higher intensity 
was used for placebo rTMS in order to better mimic the sounds and scalp sensations perceived 
by research subjects and study personnel; 2) five subjects in the active rTMS group asked us to 
reduce the intensity of stimulation (by 5 or 10%) because the scalp or muscle sensations it caused 
were uncomfortable.  After these accommodations were made, all subjects were able to complete 
the rTMS protocols and did not complain of any discomfort from the procedure.   
 
eTables 1-4 and corresponding graphs below show the change in TFI scores for Responders and 
Non- 
Responders to rTMS treatment in the Active and Placebo groups.  Using the criterion of >7 point 
reduction in TFI score immediately after the last rTMS session (compared to baseline values) to 
define “Responders” to rTMS treatment, 18 of 32 (56.3%) participants in the Active group and 7 
of 32 (21.9%) participants in the Placebo group were considered Responders.       
 
eTable 1. TFI Scores for “Responders” in the Active TMS group (n=18) 
 Change in TFI Score Compared to Baseline 
Baseline TFI score  
mean ± s.d. 

Immediately 
Post-TMS 

1 week 
Post-TMS 

2 weeks 
Post-TMS 

4 weeks 
Post-TMS 

13 weeks 
Post-TMS 

26 weeks 
Post-TMS 

          51.4  
         ± 18.4 

     -12.7  
     ± 6.4 

    -15.5 
  ± 11.1 

    -14.3 
  ± 11.3 

    -14.9 
    ± 9.1  

    -18.9 
  ± 15.3 

    -20.5 
  ± 15.8 

       Effect Size        1.9       1.4       1.2       1.6       1.2       1.3 
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eTable 2. TFI Scores for “Non-Responders” in the Active TMS group (n=14) 
 Change in TFI Score Compared to Baseline 
Baseline TFI score  
mean ± s.d. 

Immediately 
Post-TMS 

1 week 
Post-TMS 

2 weeks 
Post-TMS 

4 weeks 
Post-TMS 

13 weeks 
Post-TMS 

26 weeks 
Post-TMS 

            36.3 
         ± 17.6 

    +4.5 
  ± 10.1 

    -2.5   
  ± 8.5 

    -6.3 
  ± 12.6 

-0.4  
   ± 11.4 

      0.0 
  ± 10.7 

     -5.1    
   ± 8.9 

 

 
 
eTable 3. TFI Scores for “Responders” in the Placebo TMS group (n=7)  
 Change in TFI Score Compared to Baseline 
Baseline TFI score  
mean ± s.d. 

Immediately 
Post-TMS 

1 week 
Post-TMS 

2 weeks 
Post-TMS 

4 weeks 
Post-TMS 

13 weeks 
Post-TMS 

26 weeks 
Post-TMS 

            55.0 
           ± 22.2 

     -17.6 
     ± 4.9 

     -15.8 
     ± 7.0 

    -19.1 
    ± 7.9 

    -17.5 
    ± 9.4 

    -18.6 
   ± 11.3 

    -17.8 
   ± 11.8 

       Effect Size        3.6        2.0        2.4       1.8       1.6       1.5 
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eTable 4. TFI Scores for “Non-Responders” in the Placebo TMS group (n=25) 
 Change in TFI Score Compared to Baseline 
Baseline TFI score  
mean ± s.d. 

Immediately 
Post-TMS 

1 week 
Post-TMS 

2 weeks 
Post-TMS 

4 weeks 
Post-TMS 

13 weeks 
Post-TMS 

26 weeks 
Post-TMS 

           36.6 
        ± 20.7 

     +2.7 
     ± 6.6 

     +1.1 
   ± 12.7 

     -0.3 
   ± 7.4 

     -0.8 
  ± 11.6 

     -0.8 
  ± 10.2 

    +2.0 
  ± 14.2 

 

 
Secondary Outcome Measures 
Self-Assessed Visual Numeric Scale (VNS) for Tinnitus Loudness 
     Two groups exhibited a statistically significant change in self-rated tinnitus loudness (on a 0-
to-10 VNS) immediately after their last TMS session (see eTable 5): TFI Responders to active 
rTMS (reduction of 1.0 ± 1.6 points compared to baseline value of 7.2 ± 1.5; p< 0.02) and TFI 
Non-Responders to placebo rTMS (reduction of 0.8 ± 1.3 points compared to baseline value of 
7.5 ± 1.2; p< 0.006).   
     Although these groups exhibited reductions in VNS tinnitus loudness that were statistically 
significant following rTMS, we must ask if a change of 1.0 or 0.8 points on a 0-to-10 scale is 
clinically significant.  Also, the reduction in VNS score exhibited by the Active Responders 
group diminished during subsequent follow-up appointments to 0.5 ± 1.6 points at 13 weeks 
post-TMS, and to 0.7 ± 1.7 points at 26 weeks post-TMS; the reduction in VNS score exhibited 
by the Placebo Non-Responders group also diminished during subsequent follow-up 
appointments to 0.3 ± 1.2 points at 13 weeks post-TMS, and to 0.3 ± 1.3 points at 26 weeks post-
TMS.  None of these changes in VNS loudness at 13 weeks and 26 weeks post-TMS were 
statistically significant compared to baseline values.  For all subjects in this study, VNS tinnitus 
loudness at baseline was weakly correlated with TFI baseline scores (r=0.221, p<0.09), meaning 
that the perceived loudness of tinnitus was not highly correlated with subjects’ ratings of tinnitus 
severity.   
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eTable 5. Self-Assessed VNS for Tinnitus Loudness 
 Active rTMS Group (n=32) Placebo rTMS Group (n=32) 
    Responders 

       (n=18) 
 Non-Responders 
       (n=14) 

   Responders 
        (n=7) 

  Non-Responders 
       (n=25) 

VNS (Baseline) 
Mean ± s.d. 

    7.2 ± 1.5       6.8 ± 1.2      7.2 ± 1.4        7.5 ± 1.2 
 

VNS Post-TMS 
Mean ± s.d. 

    6.2 ± 1.7        6.2 ± 1.6        7.3 ± 1.3       6.7 ± 1.7 

       p< 0.02          p=0.13        p=0.50        p< 0.006 
 
Other Secondary Outcome Measures 
     The assessments listed in eTables 6-10 demonstrated limited responsiveness to change 
following rTMS treatment during the clinical trial.  In these tables, “Post-TMS” values were 
measured immediately after subjects completed their tenth (and last) rTMS session.  The 
“Responders” group headings refer to subjects who exhibited significant improvement in TFI 
score immediately after their final session of rTMS (compared to baseline).   
 
eTable 6. Tinnitus Handicap Inventory (THI – questionnaire) 
 Active rTMS Group (n=32) Placebo rTMS Group (n=32) 
    Responders 

       (n=18) 
 Non-Responders 
       (n=14) 

   Responders 
        (n=7) 

  Non-Responders 
       (n=25) 

THI (Baseline) 
Mean ± s.d. 

    36.6 ± 21.7      26.5 ± 18.1     39.1 ± 24.8       26.2 ± 18.2 
 

THI Post-TMS 
Mean ± s.d. 

    33.4 ± 19.9       34.4 ± 17.0       34.0 ± 21.0      30.6 ± 21.1 

 
eTable 7. Beck Depression Inventory (BDI) II (questionnaire) 
 Active rTMS Group (n=32) Placebo rTMS Group (n=32) 
    Responders 

       (n=18) 
 Non-Responders 
       (n=14) 

   Responders 
        (n=7) 

  Non-Responders 
       (n=25) 

BDI (Baseline) 
Mean ± s.d. 

     7.6 ± 8.9        5.7 ± 6.5       8.9 ± 7.6        4.4 ± 6.4 

BDI Post-TMS 
Mean ± s.d. 

     7.4 ± 7.6         9.7 ± 9.2       5.3 ± 4.2       6.8 ± 9.3 

 
eTable 8. State Anxiety Inventory (SAI – questionnaire) 
 Active rTMS Group (n=32) Placebo rTMS Group (n=32) 
    Responders 

       (n=18) 
 Non-Responders 
       (n=14) 

   Responders 
        (n=7) 

  Non-Responders 
       (n=25) 

SAI (Baseline) 
Mean ± s.d. 

    33.4 ± 9.9       29.9 ± 8.9     34.1 ± 8.7       27.7 ± 7.3          

SAI Post-TMS 
Mean ± s.d. 

    32.1 ± 10.0        31.0 ± 8.0     30.0 ± 10.3       31.0 ± 11.5 
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eTable 9. Matched Tinnitus Loudness (loudest side matched to a 1 kHz pure tone in the 
contralateral ear) 
 Active rTMS Group (n=32) Placebo rTMS Group (n=32) 
    Responders 

       (n=18) 
 Non-Responders 
       (n=14) 

   Responders 
        (n=7) 

  Non-Responders 
       (n=25) 

Baseline 
Loudness (dB 
SL) Mean ± s.d. 

    25.6 ± 13.4       21.3 ± 11.1     30.3 ± 16.6      21.5 ± 13.9 

Post-TMS 
Loudness (dB 
SL) Mean ± s.d. 

    22.2 ± 11.7       22.5 ± 13.7     33.1 ± 16.6      18.8 ± 13.6  

 
 
eTable 10. Minimum Masking Levels (MMLs) 
 Active rTMS Group (n=32) Placebo rTMS Group (n=32) 
    Responders 

       (n=18) 
 Non-Responders 
       (n=14) 

   Responders 
        (n=7) 

  Non-Responders 
       (n=25) 

MML (Baseline) 
(dB SL) Mean ± 
s.d. 

   41.6 ± 18.9      40.5 ± 21.9     38.6 ± 20.9      32.5 ± 16.8 

MML Post-TMS 
(dB SL) Mean ± 
s.d. 

   38.1 ± 17.4      36.1 ± 17.5     34.6 ± 15.2      31.1 ± 19.9 

 
None of these secondary outcome measures exhibited statistically significant change for any of 
the treatment groups immediately after the last rTMS session.  Reasons for this lack of 
responsiveness vary, depending on the measure.  For example, widely-used and verified 
instruments such as the THI, BDI and SAI have shown significant change in other treatment 
studies.  Although rTMS apparently had little effect on these measures for our subject 
population, one trend emerged: baseline THI, BDI and SAI scores were higher for Responders 
compared to Non-Responders in both the active and placebo TMS groups.  The positive 
correlations that exist between tinnitus severity, BDI and SAI scores have been described 
previously7.  Regarding Matched Tinnitus Loudness and MML, the great inter-subject variability 
and insensitivity to change we observed for these assessments minimizes their efficacy as 
treatment outcome measures.     
 
Laterality of Tinnitus Perception vs. Laterality of rTMS for Responders & Non-
Responders 
     There were no significant correlations between TMS coil placement vs. the laterality of 
tinnitus perception for either Responders or Non-responders in the active or placebo groups.  In 
summary, 13 of 25 Responders received rTMS on the left side of the head; 12 of 25 Responders 
received rTMS on the right side of the head; 19 of 39 Non-Responders received rTMS on the left 
side of the head; 20 of 39 Non-Responders received rTMS on the right side of the head.  
Laterality of tinnitus perception for the 25 Responders was: 9 center/both ears equal, 9 left side 
louder, and 7 right side louder.  Laterality of tinnitus perception for the 39 Non-Responders was: 
15 center/both ears equal, 12 left side louder, and 12 right side louder.  Of 16 Responders who 
perceived tinnitus as louder on a particular side (right or left), 7 of these received rTMS on the 
contralateral side and 9 received rTMS on the ipsilateral side of the head.  Of 9 Responders who 



© 2015 American Medical Association. All rights reserved. 
 

perceived tinnitus in the center/both ears equal, 5 received rTMS on the left side and 4 received 
rTMS on the right side of the head. 
 
Duration of Tinnitus Perception for Responders & Non-Responders 
Results shown in eTable 11 indicate that 11 of 18 subjects (61%) in the active TMS group who 
experienced tinnitus for 11 years or more exhibited significant improvement in tinnitus severity 
as measured by the TFI.  An analysis of the relationship between tinnitus duration and change in 
TFI score was conducted for the two treatment groups.  Because relatively few study participants 
fell into each of the tinnitus duration categories 1-2, 3-5 and 6-10 years (especially for the 
Placebo TMS group), we combined these participants into one category (tinnitus duration = 1-10 
years) and compared their change in TFI score with that of participants who experienced tinnitus 
for 11 or more years.  Post-TMS, the change in TFI score for participants in the active group who 
experienced tinnitus between 1-10 years (n=15) was -1.7 ± 14.8 points, while the the change in 
TFI score for participants in the placebo group who experienced tinnitus between 1-10 years 
(n=8) was -0.15 ± 9.7 points.  The difference in TFI score change was not statistically different 
for the two treatment groups with shorter-duration tinnitus.  However, the change in TFI score 
for participants in the active group who experienced tinnitus 11+ years (n=17) was -8.2 ± 7.4 
points, while the the change in TFI score for participants in the placebo group who experienced 
tinnitus 11+ years (n=24) was -0.9 ± 9.9 points.  This difference in TFI score change was 
statistically greater  (p<0.02) for the active group compared to the placebo group with longer-
duration tinnitus.  Also, 16 of 17 (94%) participants in the active rTMS group who experienced 
tinnitus for 11+ years exhibited reductions in TFI scores post-treatment.  By contrast, 11 of 24 
(46%) participants in the placebo rTMS group who experienced tinnitus for 11+ years exhibited 
reductions in TFI scores post-treatment. 
 
eTable 11. Tinnitus Duration and rTMS Efficacy 
 Active rTMS Group (n=32) Placebo rTMS Group (n=32) 
Tinnitus 
Duration (years) 

   Responders 
       (n=18) 

 Non-Responders 
       (n=14) 

   Responders 
        (n=7) 

  Non-Responders 
       (n=25) 

          1-2      3 subjects       1 subject     2 subjects       1 subject 
          3-5      1 subject       5 subjects     0 subjects       2 subjects 
          6-10      3 subjects       2 subjects     0 subjects       3 subjects 
        11-20      4 subjects       5 subjects      1 subject       3 subjects 
         >20      7 subjects       1 subjects     4 subjects     16 subjects 

 
Effectiveness of the TMS Placebo Coil 
     At the conclusion of the 10th (and last) rTMS session, each subject was asked to guess if 
he/she had received active or placebo stimulation during the trial.  Results shown in eTable 12 
demonstrate that subjects’ guesses were no better than chance, indicating that the placebo coil 
was an effective control.  The fact that a majority of subjects (42 of 64) guessed “placebo rTMS” 
reflects the expectation of some patients that their tinnitus would be eradicated or greatly reduced 
in volume following 10 sessions of active rTMS.  If this did not occur, subjects were more likely 
to believe that they received placebo rTMS. 
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eTable 12. Compilation of subjects’ guesses (made immediately after their last rTMS 
session) regarding which treatment they received         
                    Was the guess correct? 
Subjects’ Guess               YES                  NO 
They Received Active rTMS          11 subjects           11 subjects 
They Received Placebo rTMS                 21 subjects           21 subjects 

 
Other Effects of TMS 
     All subjects wore foam ear plugs (which were inserted by the study audiologist) during rTMS 
sessions.  Ear plugs were used for 3 reasons: 1) to attenuate the loud clicking sound of rTMS in 
order to maximize subjects’ comfort during sessions; 2) to minimize the effects of this sound on 
subjects’ perception of tinnitus; 3) to protect subjects’ hearing.  Pure tone audiograms – recorded 
for all subjects before the first and after their last (10th) rTMS session – showed that rTMS was 
not associated with any significant changes in subjects’ hearing thresholds.  Effects of rTMS 
reported by subjects during or after sessions included the following: During rTMS sessions, 
some subjects experienced involuntary jaw movement or twitching; eye twitching; and mild 
discomfort from TMS pulses delivered to the temporal region of their scalp.  Reducing the 
intensity of rTMS stimulation (by 5 or 10%) was requested by five subjects in the active group.  
After the stimulation intensity was reduced, all of these subjects then completed 10 sessions of 
rTMS with few – if any – complaints of discomfort.  Nine subjects reported that the rTMS 
sessions made them feel drowsy, and several of these people fell asleep in the chair during the 
session.  One subject in the active rTMS group reported that she experienced migraine headaches 
before starting the rTMS sessions, and the sessions seemed to reduce the severity and frequency 
of these headaches.  No subjects reported that rTMS caused or worsened headaches.         
    
Clinical Trial Drop-Outs and Missing Data 
     Of all the research subjects in this study who started a series of rTMS sessions, 3 were unable 
to complete at least 9 of 10 sessions (our criterion for successful completion of the TMS 
protocol).  Their data were not included in any analyses.  Also, of all subjects who completed 10 
rTMS sessions, we decided not to use data from one subject because his responses were 
unreliable (due to suspected drug abuse during his participation in the trial).  For all other 
subjects who completed the 1 Hz rTMS protocol, follow-up data were missing for a total of 8 
appointments (out of 160) for the placebo group and 5 appointments (out of 160) for the active 
TMS group.  The imputation strategy we implemented to account for missing data was to carry 
forward the last observed tinnitus outcome measure for each subject on his/her next scheduled 
appointment.   
 
Ten Subjects in the Placebo rTMS Group Returned to Receive Active rTMS 
     After all of their follow-up appointments were completed, subjects who received placebo 
rTMS were given the opportunity to receive 10 sessions of active rTMS.  To date, 10 subjects 
have done this.  Results: one subject exhibited a significant reduction in TFI score (26 points) 
after originally receiving placebo rTMS.  However, this subject did not exhibit additional benefit 
from active rTMS on any of the follow-up assessments.  One reason for this might be the 
reductions in TFI score exhibited by this subject during the course of his participation in the 
study.  His original baseline TFI score was 63, which was reduced to 37 following 10 sessions of 
placebo rTMS.  When he returned, his new baseline TFI score was 25, which did not change 
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significantly following 10 sessions of active rTMS (his new post-TMS TFI score was 23).  Five 
subjects (out of 9) who did not respond to their initial sessions of placebo rTMS did exhibit 
significant reductions in TFI scores (by 9, 10, 14, 16 and 33 points respectively; mean decrease = 
16.4 ± 9.2 points) after they underwent 10 sessions of active rTMS.  TFI scores for the remaining 
4 subjects increased after 10 sessions of active rTMS (mean increase = 9.4 ± 2.9 points).   
 
eREFERENCES 
 

1. Theodoroff SM, Folmer RL.  Repetitive Transcranial Magnetic Stimulation as a 
Treatment for Chronic Tinnitus: A Critical Review. Otol Neurotol 2013;34:199-208. 

2. Andersson G. Tinnitus loudness matchings in relation to annoyance and grading of 
severity.  
Auris Nasus Larynx 2003;30(2):129-133. 

3. Andersson G, Lyttkens L.  A meta-analytic review of psychological treatments for 
tinnitus.  Br J Audiol. 1999;33(4):201-210. 

4. Langguth B, Zowe M, Landgrebe M, et al. Transcranial Magnetic Stimulation for the 
treatment of tinnitus: a new coil positioning method and first results. Brain Topogr 
2006;18(4):241-247. 

5. Silbert LC, Nelson C, Holman S, Eaton R, Oken BS, Lou JS, Kaye JA. Cortical 
excitability and age-related volumetric MRI changes. Clin Neurophysiol 2006;117:1029-
1036. 

6. Meikle MB, Henry JA, Griest SE, Stewart BJ, Abrams HB, McArdle R, Myers PJ, 
Newman CW, Sandridge S, Turk DC, Folmer RL, Frederick EJ, House JW, Jacobson GP, 
Kinney SE, Martin WH, Nagler SM, Reich GE, Searchfield G, Sweetow R, Vernon JA. 
The Tinnitus Functional Index: A new clinical measure for chronic, intrusive tinnitus. 
Ear & Hearing 2012;33(2):153-176. 

7. Folmer RL, Griest SE, Martin WH. Chronic tinnitus as phantom auditory pain.  
Otolaryngology - Head and Neck Surgery 2001;124(4):394-400. 


