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Ø There are limited treatment options for 
tinnitus, and there is a lack of consensus 
on treatment guidelines.1,2 

Ø Functional brain imaging studies have 
suggested atypical hyperactivity in the 
brains of individuals with tinnitus.3,4

Ø Neuromodulation for the treatment of 
tinnitus has been tested as early as 1886 
and aims to suppress hyperactive 
neuronal activity with targeted stimuli.5

Ø Common modalities of neuromodulation 
include repetitive transcranial magnetic 
stimulation (rTMS), transcranial direct 
electric stimulation (tDCS), theta-burst 
stimulation (TBS), and transcutaneous 
electric nerve stimulation (TENS).6

Ø TBS and rTMS deliver electromagnetic 
energy through a coil while tDCS and 
TENS deliver electrical current through 
electrodes.6

Ø The efficacy of active neuromodulation 
versus sham has conflicting evidence. 

Ø A comprehensive literature search of the 
Cochrane Library, CINAHL, PubMed, and 
Scopus was performed from inception 
through May 30, 2023.

Ø Two authors (L.D.H. and J.M.O.) 
independently screened articles based on 
title and abstract followed by full text to 
identify all articles that met inclusion 
criteria. 

Ø Inclusion criteria were: 1) sham-controlled 
randomized control trials testing 
neuromodulation in patients with tinnitus, 2) 
sample size of 40 or more patients, 3) 
tinnitus outcome data.  

Ø Exclusion criteria were: 1) non-English 
studies, 2) non-human studies, 3) any study 
design other than sham-controlled 
randomized control trials, 4) non-
extractable data. 

Ø Outcome data including Beck Depression 
Inventory (BDI), Beck Anxiety Inventory 
(BAI), Tinnitus Handicap Inventory (THI), 
Tinnitus Questionnaire (TQ), Visual 
Analogue Scale (VAS), and 12-Item Short 
Form Health Survey (SF-12) were 
collected. 

Ø The risk of bias of all included studies was 
determined as “low”, “high”, or “some 
concerns” using the revised Cochrane risk 
of bias tool for randomized trials (ROB 2). 21

INTRODUCTION

Study Characteristics 

Ø After full-text review, 19 articles were 
selected after meeting inclusion criteria.7-26 

Patient Characteristics

Ø A total of 1186 patients were included with a 
mean age of 48.4 ± 5.3 (range: 19-74) and 
61% [56.2 to 65.7] were male. 

Ø The mean duration of tinnitus was 3.8 ± 3.4 
years with 55.7% [46 to 65] of patients 
having unilateral tinnitus. 

Ø  All patients had subjective tinnitus that was 
either idiopathic or secondary to hearing 
loss.  No patients had tinnitus secondary to 
trauma, infection, Meniere’s disease, or other 
associated conditions. 

Ø Neuromodulation is a safe treatment 
option for patients with tinnitus. 

Ø This study found significant short-term 
benefit of TENS and tDCS as measured by 
the THI.

Ø Additionally, rTMS demonstrated long-term 
reduction in the THI. 

Ø Based on the BDI, tDCS significantly 
reduces comorbid depression in patients 
with tinnitus.

Ø Relative to neuromodulation and across all 
outcomes meta-analyzed, sham treatment 
does not demonstrate significant 
improvement in tinnitus symptoms.
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Figure 1. PRISMA systematic review flow diagram. 
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Identification of studies via databases and registers 

Adverse 
Events

Group Proportion (%) 95% 
CI

Comparison 
of 

proportions 
(%)

95% 
CI

P value

Dropout

Active 9.4 6.1 to 
13.9

1 -4.8 to 
6.5 p = 0.72Sham 8.4 2.2 to 

18.1

Facial 
fasciculations

Active 15.3 7.6 to 
26.4

9.7 -1.5 to 
21.2 p = 0.08Sham 5.6 1.4 to 

14.6

Headache

Active 11.6 8.5 to 
15.5

2.4 -3 to 
7.4 p = 0.37Sham 9.3 5.9 to 

13.7

Dizziness

Active 6 2.1 to 
12.9

2.7 -9.4 to 
10.1 p = 0.54Sham 3.3 0.2 to 

14.9

Worsening of 
tinnitus

Active 5.7 3 to 10

1.6 -3.6 to 
7 p = 0.53Sham 7.4 2.5 to 

14.5

Table 5.  Patient Safety and Adverse Events

Treatment Group Total 
patients 

(N)

Meta-
analysis 
of single 
means

95% 
CI

Comparison 
of means

95% 
CI

P value

rTMS

Active 382 -4.8 -6.8 to 
-2.8

4.9 1.7 to 
8.1

p = 
0.0028Sham 266 0.1 -2.4 to 

2.6

TENS

Active 108 -16.2 -23.1 
to -9.3

13.5 4.4 to 
22.6

p = 
0.0039Sham 63 -2.7 -3.9 to 

-1.5

tDCS

Active 66 -19 -30.1 
to -7.8

16 3.4 to 
28.6

p = 
0.0132

Sham 59 -3 -7.3 to 
1.3

Table 1.  THI Short Term Outcomes (≤1 month) 

Treatment Group Total 
patients 

(N)

Meta-
analysis 
of single 
means

95% 
CI

Comparison 
of means

95% 
CI

P value

rTMS

Active 192 -8.6 -11.5 
to -5.7

6.5 2.0 to 
11.0 p = 0.0048Sham 150 -2.1 -5.6 to 

1.4

Treatment Group Total 
patients 

(N)

Meta-
analysis 
of single 
means

95% 
CI

Comparison 
of means

95% 
CI

P value

Neuromodulation

Active 219 -2.8 -9.7 
to 4.1

1.5
-6.1 
to 
9.1

p = 
0.6988Sham 200 -1.3 -3.7 

to 1.2

rTMS

Active 164 1.5 -0.1 
to 3.1

-0.8
-3.0 
to 
1.4

p = 
0.458Sham 161 0.7 -0.8 

to 2.2

Table 3.  TQ Short Term Outcomes (≤1 month) 

Treatment Group Total 
patients 

(N)

Meta-
analysis 
of single 
means

95% CI Comparison 
of means

95% 
CI

P value

rTMS

Active 110 -2.3 -6.7 to 
2.1

4 -2.2 to 
10.2

p = 
0.2078Sham 106 1.7 -2.6 to 

6.1

Table 4.  TQ Long Term Outcomes (>1 month) 

Treatment Group Total 
patients 

(N)

Meta-
analysis 
of single 
means

95% 
CI

Comparison 
of means

95% 
CI

P value

rTMS

Active 119 -0.5 -1.9 to 
0.9

0.3 -1.7 
to 2.3

p = 
0.7655Sham 119 -0.2 -1.5 to 

1.2

tDCS

Active 46 -11.8 -13.3 
to -
10.3

9.9 7.7 to 
12.1

p < 
0.0001Sham 38 -1.9 -3.5 to  

-0.3

Table 6.  BDI Outcomes  Table 2.  THI Long Term Outcomes (>1 month) 


