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Table 1

Summary of recent electrophysiological studies investigating chronic tinnitus

Reference Study Design  Source Estimation, Feature Analysis Findings
Connectivity (Measurement)
Adamchicetal. Intervention BESA (source montage)  Pitch Responders with pitch change | ACC (0 phase) <> DLPFC (y amplitude)

(2014a) (ACR) Phase-amplitude CFC (Vs. without) | ACC (0 phase) < AC (y amplitude)
Adamchicetal.  Intervention BESA (source montage)  Distress (THI, VAS) Post- Vs. Pre-treatment | distress
(2014b) (ACR) SLORETA 1 PAC (0) | PAC (B,y.5,0)
Adamchicetal.  Intervention BESA (source montage)  Loudness (VAS) Post- Vs. Pre-treatment | loudness
(2017) (ACR) SLORETA 1 PAC (0) | PAC (B,y.5,0)
Balkenholetal. RS EEG none (mean power over Loudness (Matching) Correlation Ty
(2013) all electrodes) Distress (TQ) Correlation 16,0
Hearing loss (PTA) Correlation ly

De Ridder and Intervention SLORETA Loudness (VAS) Responders T1pHC (B) THC(B) t AMY (B) T1INS(B) 1 pHC (y) TFPC (y)
Vanneste (EDS over LPC (Vs. Non-Responders) 112AC < rpHC (8) 112AC - rHC < 1pHC () 11rPAC < rpHC (B)
(2014) AC) 1 pHC & r PAC < 2AC (B) 1 pHC © r PAC — 12AC (B)
DeRidderetal. RSEEGwith sLORETA Distress (TQ) Correlation 1 Comp4 (sgACC, r IFG) (a, B) 1 sgACC « pHC « OFC « IFG (a, B)
(2011) ICA LPC
De Ridder etal.  Intervention SLORETA Loudness (VAS) Responders 1 r DLPFC < 1 pHC <> 1 PAC 12AC (6) 1 PAC < ACC < pHC (0)
(2013) (rTMSoverr  LPC (Vs. Non-Responders) 1 ACC < r pHC < PAC < 2AC (0)

DLPFC)
De Ridderetal. RS EEG SLORETA Loudness (NRS) Correlation 1 1aINS (o) 1 rACC (B) T dACC (B) 11pHC (y) 1 PAC (B,y)
(2015) Loudness (matching) Correlation none
Joos et al. RS EEG SLORETA Distress (NRS) Correlation 1 rFPC (0,p) 11 OFC (o) 1 sgACC (B)
(2012) Depression (BDI) Correlation t1FPC () 110FC (a)
Kim et al. Intervention SLORETA Distress (THI) Correlation (improvement) T IMFG (0) 11rACC (6) 1 rDLPFC 11INS (o) 1 rDLPFC (a)
(2016) (TRT) LPC 1 1rACC (0) 1 pgACC (o) 1 11FG (0)

Loudness (NRS)
Awareness (NRS)

Correlation (improvement)

Correlation (improvement)

JTAC(y8) | pHC (B.3.v)
1T rrACC (8) 1 rDLPFC (6) 1 rACC (o) 1 pgACC (o) 1 rDLPFC (a)
T1OFC (v) 1rMFG ()




Meyer et al. RS EEG None PCA:

(2014) Comp Distress (TQ, PRISM) Correlation 1 upper B over frontal electrodes
Comp Presence (Duration, Correlation 18 1 a | yovertemporal and | perisylvian electrodes
Loudness (VAS))
Meyer et al. RS EEG SLORETA Distress (TQ) Correlation 1 IPL/SMG (B) 1 rpINS(B) 1rPP(B) 1rSTG(B) 1 INS(B)
(2017) PCA:
Comp Distress (THI, TQ, PRISM) Correlation 1 INS (B)
Comp Affective disorders, health and QOL (BDI, BAI, Correlation none
SCL-K-9, SF-36, WHOQOL-BREF)
Pierzycki et al. RS EEG None (mean power over  Distress (THI, TFI, THQ) Correlation none
(2015) all electrodes) QOL (WHOQOL-BREF) Correlation none
Loudness (VAS) Correlation none
PCA:
Comp Tinnitus severity (TFI, expect auditory subscale) Correlation none
Comp QOL (WHOQOL-BREF, TFI- auditory subscale)  Correlation none
Comp Hearing (Duration, PTA, THQ- tinnitus and Correlation none
hearing subscale, TFI- auditory subscale)
Schlee et al. RS MEG None Duration Correlation | a variability over temporal sensors
(2014)
Song et al. RS EEG SLORETA Age of Onset Late (~ 52y) Vs. 1 rOFC (y) 11DLPFC (B) 1rSMA(B) 1 rSFG(B) 1 rdACC ()
(2013a) LPC early onset (~ 29y) | PCC (3) | rdPMC (0)

T1PAC - 2AC(0) 1T1INSe—rINS(a) 11INS < rsgACC (a)
1 12AC < 1 PrC < r PrC (o)

Song et al. Intervention SLORETA Loudness (NRS) Slight (Vs. marked) improvement 1 12AC (3,y) 11TP () 11PAC < rPCC (3)

(2013b) €I LPC Distress (TQ) Slight (Vs. marked) improvement 1 I PAC < rPAC (y) 1rPAC < IpHC (y) 11 OFC < 1 PrC (y)
Song et al. RS EEG SLORETA Age of onset Late (~ 52y) Vs. 1 dACC (B) 1 sgACC (B) 1 pHC(B) 1 rpgACC (y) 1t DLPFC (y)
(2013c) LPC early onset (~ 29y) 1 rsgACC < 1PAC(y) 1rMTG < PAC(y) 11PCC < PrC(y)

Il TPAC - 1rPCC - PrC(a) | rPAC < 1PrC (B)

Distress (TQ) High (TQ: 47-84) Vs. 1 dACC (B) 1 pgACC (y) for late-onset
low distress (TQ: 0-46) 1 10OFC (B,y,0) 11SMG (o) 1 1DLPFEC (y) for early-onset
Song et al. RS EEG SLORETA Hyperacusis (HQ) With Hyperacusis (Vs. without) 1T SMA (B) 1 dPMC (B) tdACC () T OFC(B) trAC (o)
(2014) LPC Correlation 112AC & r PAC & 1r PFC & 1sgACC 11PAC < 1PCC

TOFC () TrAC () TdACC(B)
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Song et al. RS EEG SLORETA Awareness (%) Correlation 1 1dACC () | 1pgACC (B,0) | pgACC (8) | rACC (B,5,0) | sgACC (0)
(2015) LPC J1PAC & rACC (B) | 1PAC < sgACC (B)
Tass et al. Intervention BESA (source montage)  Loudness (VAS) Post- Vs. Pre-treatment | loudness, distress
(2012) (ACR) SLORETA Distress (TQ) 1 PAC (o) | PAC (B,y,5,0)
van der Loo et RS EEG LORETA Loudness (VAS) Correlation 1 contralateral PAC (y)
al. (2009)
van der Loo et RS EEG SLORETA Distress (TQ) Correlation 1 1aINS (o), r aINS (y,5)
al. (2011) LPC 1 1aINS (v,0)
Vanneste and Intervention SLORETA Distress (VAS) Post- Vs. Pre-treatment | loudness, distress
De Ridder (tDCS over LPC Loudness (VAS) 1 pgACC (a) | rPAC (B,y), iPSC (B,y)
(2011) DLPFC) 11 DLPFC & pHC () 1 r PAC < 1 pHC < DLPFC « pgACC (6)

| DLPFC & pgACC < 1 PAC « pHC (y)

| IDLPFC & 1 pHC < pgACC (y) | rPAC < rpHC < pgACC (y)
Vanneste and Intervention SLORETA Loudness (VAS) Post- Vs. Pre-treatment | distress, loudness
De Ridder (alcohol) Distress (VAS) 1 PCC () 1 pgACC (B) tdACC(B) 1T1INS(PB)
(2012) L OFC (o) | VLPFC () |scACC (w) | PrC () | PrC(y) | PCC (y)
Vanneste and RS EEG SLORETA Distress (TQ) Correlation 1 pgACC (o) 1 sgACC (w)
De Ridder
(2013)
Vanneste and RS EEG SLORETA Loudness (NRS) Correlation T AC (B,y)
De Ridder LPC Distress (TQ) Correlation 1 sgACC (0,p) 1 dACC (a.f), TPCC (a,B)
(2015) 1 PAC > sgACC < d ACC < PCC (a,p)
Vanneste and RS EEG SLORETA Hearing loss (PTA) Low hearing loss Vs. Controls 11aMTG(0); 1 1PAC < rPAC (y)
De Ridder LPC High hearing loss Vs. Controls 1t pHC (0); 11PAC & rPAC (0,0) 11pHC < rpHC (0,0);
(2016) Granger causality 1 1pHC — 1 PAC (0)

High Vs. low hearing loss 1 1aMTG (y); 11PAC & rPAC 11pHC < rpHC (0,0)

Mean hearing loss

Range of hearing loss

Hearing loss at tinnitus frequency

Correlation

Correlation

Correlation

| IpHC — 1 PAC (0)

T pHC (0) trpHC (a); 11pHC & rpHC < 1PAC (a)

1 1pHC <> 1PAC < r PAC (0) 1 rpHC < 1 PAC (0); 1 1pHC — 1 PAC (6)
1 pHC (a,0); 1 1pHC <> 1PAC < r PAC (a,0)

1 1pHC <> rpHC < r PAC (0); 1 1pHC — 1PAC (0)

1 1pHC <> 1PAC & rPAC (0) 1rpHC < 1 PAC < r PAC (0)

1 1pHC — 1 PAC (0)




Vanneste et al. RS EEG LORETA Distress (TQ) High Vs. low distress 1scACC (@) TINS (o) 1 pHC (0) T AMY (o)
(2010a) J PCC (o) | PrC (o) | DLPFC (o)
High distress Vs. controls 1 dACC (a,B) | dACC (8,0)
Vanneste et al. RS EEG SLORETA Type Narrow-band noise TPCC(B) 1rHC(P) 1rpHC (y)
(2010b) (Vs. pure tone) tinnitus | rIFPC (8)
Vanneste et al. Intervention SLORETA Distress (VAS) Responders 1 rPAC (y) 1r2AC(y) 1 pHC (y)
(2011a) (tDCS over LPC Loudness (VAS) (Vs. Non-Responders) 11 DLPFC <> rpHC (y) 1 rDLPFC > sgACC (y)
DLPFC)
Vanneste et al. RS EEG SLORETA Location Unilateral (Vs. bilateral) tinnitus T VLPEC (8) tpHC(B,y) 1TAG@By) TACH,y) |sPMC@P)
(2011b) Bilateral (Vs. Controls) 1 VLPFC (B) 1 FPC (B) 1 sPMC (y)
Unilateral (Vs. Controls) 1 r sPMC(y)
Vanneste et al. RS EEG SLORETA Location Left- and right-sided tinnitus 1 contralateral pHC (y)
(2011¢)
Vanneste et al. RS EEG SLORETA Duration Recent onset (Vs. chronic=>4 1 SMA () 1 dACC (B) 1INS(B) 1 PAC(y) 12AC(y)
(2011d) LPC years) tinnitus 1 1pHC <> 1PAC < 12AC <> 1 INS < r DLPFC (y)
| connectivity in general (a.,y,0)
Vanneste et al. RS EEG SLORETA Gender Females (Vs. Males) 1 OFC (B) 1 FPC (B)
(2012) LPC 1 OFC  INS < sgACC < pHC < PAC < 2AC (a)
Vanneste et al. Intervention SLORETA Depression (HADS) Post- Vs. Pre-treatment 1 loudness, annoyance, depressive feelings
(2013) (music) Loudness (VAS) (group with music to 1 1dACC (a) 11pgACC (B) 1 PAC(y)
Annoyance (VAS) overcompensate hearing loss)
Vanneste et al. RS EEG with  sLORETA Distress (TQ) Correlation | Compl (PCC, PrC) (a,f) | Comp2 (PCC, PrC, IPL, pHC) (a.B,y)
(2014a) ICA LPC 1 Comp4 (pgACC, sgACC, VMPFC, INS) (c))
1 Comp6 (dACC, SMA, sgACC, VMPFC, MFG) (B)
Compl < Comp2 < Comp4 < Compb6 (a.,5,0)
Loudness (VAS) Correlation | Comp3 (rsPCC, LG, pHC) (B)
1 Comp5 (sgACC, VMPFC, HC, AMY, MFG) (B)
Comp3 < Comp5 (y)
Vanneste et al. RS EEG SLORETA Coping style Maladaptive coping (Vs. adaptive 1 loudness, distress, depression
(2014b) LPC Distress (TQ) coping) 1T IDLPFC (o) 1 sgACC (a); 1 connectivity in default mode network
Loudness (VAS) Correlations 1 DLPFC (o) for maladaptive coping
Depression (BDI) 1 sgACC (o) for distress and depression
Vanneste et al. RS EEG SLORETA Cognition Correlation THC (B) 1 pgACC (B) 1sgACC(PB) 1rINS(P)

(2016)
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Note: 1, increase / positive correlation; |, decrease / negative correlation; <, functional connectivity between x and y; —, effective
connectivity from x to y; I, left; r, right; 2AC, secondary auditory cortex; AC, auditory cortex; ACC, anterior cingulate cortex; ACR,
acoustic coordinated reset; AG, angular gyrus; alNS, anterior insula; aMTG, anterior middle temporal gyrus; AMY, amygdala; BAI, Beck's
Anxiety Inventory (Beck et al., 1988); BDI, Beck's Depression Inventory (Beck et al., 1961); CFC, cross-frequency coupling; CI, cochlear
implantation; Comp, Component; dACC, dorsal anterior cingulate cortex; DLPFC, dorsolateral prefrontal cortex; dPMC, dorsal premotor
cortex; EDS, extradural stimulation; FPC, frontopolar cortex; HC, hippocampus; ICA, independent component analysis; IFG, inferior frontal
gyrus; INS, insula; IPL, inferior parietal lobule; iPSC, inferior primary somatosensory cortex; IFPC, lateral frontopolar cortex; LG, lingual
gyrus; LPC, lagged phase coherence; MFG, middle frontal gyrus; MTG, middle temporal gyrus; NRS, numeric rating scale; OFC,
orbitofrontal cortex; PAC, primary auditory cortex; PCA, principal component analysis; PCC, posterior cingulate cortex; PFC, prefrontal
cortex; pgACC, pregenual anterior cingulate cortex; pHC, parahippocampus; pINS, posterior insula; PMC, premotor cortex; PP, planum
parietale; PrC, precuneus; PRISM, Pictorial Representation of Iliness and Self-Measure (Biichi et al., 1998); PTA, pure tone audiometry;
QOL, quality of life; rACC, rostral anterior cingulate cortex; RS, resting-state; rsPCC, retrosplenial posterior cingulate cortex; rTMS,
repetitive transcranial magnetic stimulation; scACC, subcallosal anterior cingulate cortex; SCL-K-9, Symptom Check List short form
(Klaghofer and Brahler, 2001); SF-36, Short Form Health Survey (Ware Jr and Sherbourne, 1992); SFG, superior frontal gyrus; sgACC,
subgenual anterior cingulate cortex; SMA, supplementary motor area; SMG, supramarginal gyrus; SPMC, superior premotor cortex; STG,
superior temporal gyrus; TC, temporal cortex; tDCS, transcranial direct-current stimulation; TF, Tinnitus Functional Index (Meikle et al.,
2012); THI, Tinnitus Handicap Questionnaire (Newman et al., 1996); THQ, Tinnitus Handicap Questionnaire (Kuk et al., 1990); TP,
temporal pole; TQ, Tinnitus Questionnaire (Goebel and Hiller, 1994); TRT, tinnitus retraining therapy; VAS, visual analogue scale;
VMPFC, ventromedial prefrontal cortex; WHOQOL-BREF, World Health Organization Quality of Life assessment (short form).
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