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Short running title: Abnormal slow electroencephalography...

Highlights:

. Eyes open/closed conditions in EEG recording is important for tinnitus patients

. Changes in alpha and delta power in eyes open/closed conditions may indicate tinnitus
o The delta+theta/alpha+beta ratios can be an indicator of tinnitus

ABSTRACT

Background and Aim: Recent studies try to clarify the difference of neuro-physiological responses of people
with tinnitus. Quantitative Electroencephalography (QEEG) analysis is different in the eyes-closed or eyes-open
conditions. This study aimed to compare the EEG activity of tinnitus patients between eyes-closed and eyes-open
conditions at rest position.

Methods: Participants were 46 people with tinnitus (34 males and 12 females). Their QEEG was recorded in two
eye conditions (close/open) for three minutes at resting position. Relative power of delta, theta, alpha, beta and



gamma bands were estimated. Paired t-test was used for comparison of Delta/Alpha Ratio (DAR), and
Delta+Theta/Alpha+Beta Ratio (DTABR) between the two eye conditions.

Results: The DAR and DTABR ratios were significantly higher in the eyes-open condition compared to the eyes-
closed condition (p=0.009 and p=0.016, respectively). The delta power increased and alpha power decreased
significantly in the eyes-open condition compared to the eyes-closed condition (p<0.001).

Conclusion: People with tinnitus have different EEG activities in eyes open/closed conditions. Increased delta
power and decreased alpha power in the eyes-open condition may be an indicative of severe tinnitus. It seems
better to record EGG activity with eyes open. Increased DAR is a good indicator in the eyes-open condition which
is recommended to be used as a potential biomarker for comparing the severity of tinnitus.
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Introduction

Previously, it had been thought that subjective tinnitus problem is only related to the peripheral auditory system
[1, 2], but currently there is a widely accepted view that this auditory phantom perception is the result of failed
compensatory mechanisms in the brain and it does not seem to cause only inner ear receptor damage [3, 4]. The
Electroencephalography (EEG) studies have led to the identification of tinnitus-related abnormalities in
spontaneous brain activity at rest position. These studies indicate that, in the resting state; activity of delta (0.5—
4 Hz) and gamma (35.5-45 Hz) frequency bands increase, whereas alpha oscillations (8.5—12 Hz) in temporal
regions may decrease [5, 6]. These findings are based on the Thalamocortical Dysrhythmia (TCD) model [7]
which was further expanded to the Synchronization-by-Loss-of-Inhibition-Model (SLIM) [6]. In the TCD model,
it is proposed that the spontaneous firing of thalamic fibers appears due to the deprivation of auditory input, and
this phenomenon is proposed as a necessary factor for the occurrence of tinnitus [7].

In fact, following the deprivation of thalamic relay cells from inner ear excitatory inputs, the cell membrane
becomes hyperpolarized, and these neurons generate low-threshold calcium bursts in slow wave mode.
Thalamocortical feedback loops lead to this slow wave rhythm in cortical neurons that can be recorded as delta
activity on the scalp. The increase in the gamma frequency range may be caused by a decrease in lateral inhibition
in the auditory cortex due to a decrease in the activity of inhibitory neurons [6]. Therefore, this imbalance between
inhibition and stimulation in the cerebral cortex is a theoretical explanation for the low alpha/ high delta pattern,
which is usually found in the resting state EEG data of tinnitus patients [7].

There are few studies that suggest that the resting state EEG with eyes closed and open are different. Most of
these studies have shown the increased delta and alpha power in the eyes-closed condition compared to the eyes-
open condition, while some studies have shown increased beta band in the eyes-open condition in young and
healthy old people [8, 9]. In the eyes-open condition, higher alpha power is usually observed specially in the
posterior regions. This finding associated with reduced relaxed attention and sensory perception [8, 10]. In the
eyes-closed condition, alpha power decrease and beta activity increase specially in the frontal lobes that are
associated with increased arousal and visual processing [8]. In this condition, greater activity have recorded in
sensorimotor and visual networks, while in the eyes open condition higher activities have recorded in the default
mode, salience, and frontoparietal networks [11, 12]. According to above mentioned findings based on neural
network, EEG recording in different eye condition leads to different recording, analysis and interpretations [13,
14].

The rhythm and power of neural oscillations in the alpha band have been recently proposed as marker for the
temporal resolution of visual perception. The Individual Alpha Frequency (IAF) peak in the resting state EEG
has been used as frequency of sensory (audio/visual) tasks [15]. Alpha band activity is associated with a wide
range of processes encompassing memory, perception, decision and cognitive functioning. IAF is a specific
parameter for the alpha activity [16]. Closing or opening eyes at rest position can affect IAF in people with
tinnitus due to cognitive and perceptual consequences of tinnitus. Although the apparent mechanism of deviation
in the Delta/Alpha Ratio (DAR) and Delta-Theta/Alpha-Beta Ratio (DTABR) in tinnitus is still uncertain,
researchers have suggested that delta/alpha tends to increase in tinnitus, without specific underlying
documentation and only used for neurofeedback therapy [17]. This study aimed to compare the power of delta
and alpha band frequencies in people with tinnitus at resting position with eyes closed or open and assess the
relationship between eyes-closed and eyes-open conditions in tinnitus by the DAR and DTABR.

Methods



Participants

Forty-six people with tinnitus (34 males and 12 females) participated in this study after declaring informed
consent. They were recruited from the audiology clinic of Rofeideh Rehabilitation Hospital, Tehran, Iran, during
the first 6 months of 2023. The inclusion criteria were: Chronic tinnitus for more than 6 months, age 30—60 years,
existence of tonal and subjective tinnitus, tinnitus sensation in one or both ears, no pulsating and multi-tonal
tinnitus, no Meniere's disease or fluctuating hearing level, no cerebellopontine angle tumors or any diagnosed
neurological disease, no any history of cardiovascular diseases, no severe to profound hearing loss, no obvious
complaints of hyperacusis symptoms, no use of hearing aids, not receiving any tinnitus treatment, an average
hearing threshold of 20-60 dB at 2000-8000 Hz frequency, mild to severe score for total Tinnitus Handicap
Index (THI) at the initial assessment, moderate score in the Hospital Anxiety and Depression Scale (HADS), no
use of sedatives drugs, no epilepsy and convulsions according to a neurologist or psychiatrist., The exclusion
criteria were: Failure to noise-free recording of brain activity during three minutes of recording, report of
increased tinnitus during brain activity recording, occurrence of fatigue in the form of non-cooperation during
brain activity recording, caffeine use (tea, coffee) at least four hours before recording brain activity, washing hair
with shampoo at least four hours before brain activity recording.

Measurements

Persian versions of the THI and the Visual Analog Scale (VAS) were completed. by participants before EEG
recording [18]. The EEG activity was recorded quantitively (bandwidth of 0.2—70 Hz, impedance <20 kHz, and
a sampling rate of 1024 Hz) with a 64-channel amplifier (ANT Neuro, Hengelo, Netherlands) according to the
international 10-20 system using 30 Ag/AgCl surface electrodes with 8-mm diameter distributed over the head
of the participants. The electrodes were placed in central and bilateral places in F, C, T, P and O areas. A reference
electrode was placed on the mastoid process and a ground electrode was placed on the right hand’s wrist. To
record vertical and horizontal electrooculogram, a pair of electrodes were placed above and below the right eye
and another pair on either side of each eye. We utilized the KEY Institute’s standardized Low-Resolution Brain
Electromagnetic Tomography Analysis (SLORETA) method to estimate the intracerebral neural brain responsible
for the recorded electrical activities. The sSLORETA “calculates electrical activity by measuring absolute and
relative power. The sSLORETA solution space comprises 6239 voxels with a voxel size of 5x5x5 mm, and is
limited to cortical gray matter, hippocampi, and amygdala. The coordinates of the electrodes are based on a
probabilistic brain volume defined by the Montreal neurological Institute. We exported the EEG data that were
free from artifacts in ASCII format from MATLAB to sSLORETA software. Using this software, we calculated
EEG cross-spectrum and sSLORETA transformation matrix across five frequency bands (delta, theta, alpha, beta
and gamma).

The TCD state was measured and the frequency ranges of delta, theta, alpha, beta, and gamma (by sSLORETA
software) and the relative power of each rhythm was evaluated. With the electrooculogram of O1 and O2
electrodes, blinking and eye movement artifacts were controlled. EEG activity was recorded in two eye conditions
(closed and open) at rest (sitting) position in a silent room for three minutes. The DAR and DTABR as a specific
variable were measured and compared between the two eyes-closed and eyes-open conditions.

Data analysis

Analysis of EEG data were done offline with band pass filtered (1-70 Hz) and re-referenced to linked earlobes
and then imported into the EEG Lab toolbox of MATLAB software. Independent Component Analysis (ICA)
was applied to eliminate residual artifacts caused by muscle movement, eye blinks and ECG components,
subsequently exploiting a fast Fourier transform for the distinct frequency bands: delta (0.2—4 Hz), theta (5-7
Hz), alpha (8—-12Hz), beta (13-30 Hz), and gamma (31-45 Hz). The relative power of each frequency band was
measured at each electrode in SLORETA software using the following equation: R(h)=100*E(h)/E total, where
R(h) is the relative power, E(h) is the absolute power in each frequency band, and E total is the sum of powers in
all frequency bands. The DAR and DTABR were measured from the average power of all brain areas for each
condition (open/close eyes) in resting position.

Statistical analysis



Statistical analyses were performed in SPSS v.17. The variables were described using means and standard
deviations. According to the Kolmogorov-Smirnov test, data distribution was normal for all study outcomes
whereas beta and gamma relative power were abnormal in some areas. Therefore, we used paired t-test for
parametric variables and Wilcoxon test for non-parametric variables. To recognize potential differences in source
localization of brain electrical activity in two different eye conditions, the current density distributions were
contrasted by using the SLORETA method. The Statistical Nonparametric Mapping (SnPM) of SLORETA images
was conducted for each contrast using SLORETA’s built-in voxel-wise randomization tests (5000 permutations)
with a threshold p<0.05.

Results

The participants were 34 males and 12 females with tinnitus aged 30—56 years with a mean age of 46.6+5.9 years,
a THI score of 46.52+1.84, and a VAS score of 5.65+0.83. The results of comparing the relative power of
frequency bands between two eye conditions are presented in Table 1 and the DAR and DTABR comparison are
illustrated in Figure 1. The results of comparing the relative power between two eye conditions based on the
SnPM of sSLORETA images are illustrated in Figure 2.

There were significant differences in the relative power of delta (t=6.379, p<0.001) and alpha (t=—7.941, p<0.001)
between eye-closed and eye-open conditions (Table 1). Also, there were significant differences in both DAR and
DTABR between two conditions (mean difference=9.68+4.83 and 6.2+3.08, respectively, p<0.001; see Figure 1.
Therefore, these two quantitative electroencephalography scales were appropriate to-investigate different neuro-
physiologic activity of tinnitus sufferers in resting EEG with eyes open orclose eyed. Comparison of SLORETA
images showed that the SnPM of all frequencies between two eye conditions was statistically significant (t=5.504,
p<0.001; see Figure 2).

There was a significant negative correlation between DAR and THI score (r=—0.728, p<0.001) and between
DTABR and THI score (r=—0.527, p<0.001) in the eyes-closed condition due to increase of alpha peak, while
there was a significant positive correlation between DAR and THI score (r=0.466, p=0.001) and between DTABR
and THI score (r=0.413, p=0.004) in the eyes-open condition due to the increase of delta peak and reduction of
alpha peak. However, the VAS score had no significant correlation with DAR or DTABR.

Discussion

In previous studies, decreased power of delta and alpha in the eyes-open condition compared to the eyes-closed
condition in healthy people have been reported [9]. In the current study, the findings indicated that people with
tinnitus had different EEG activities in eyes open/closed conditions. There was a significant increase in the
relative power of delta band in the eyes-open condition compared to the eyes-closed condition, indicating the
reduced motor preparation due to external stimuli and increased attention processing. This finding is consistent
with the results of other studies [19-21], although one study had contrasting results [8]. In our study, there was a
significant decrease in the relative power of alpha band in the eyes-open condition compared to the eyes-closed
condition. This finding is in line with the results of other studies that considered the higher activity of alpha band
in the posterior regions in eyes-closed condition is a reflective of reduced sensory input [19, 22] or is associated
with tinnitus distress [23, 24]. Higher alpha power in the eyes-closed condition in tinnitus patients leads to
engagement of attentional selection for internal imagery process which subsequently leads to chronic auditory
phantom perception [25, 26]. The process of perceiving the tinnitus is associated with abnormal brain activity
patterns, including changes in the power of alpha and delta bands [21, 27].

A previous study on neurofeedback as a method for treatment or management of tinnitus showed that alpha/delta
ratio neurofeedback was effective in reducing unpleasant psychologic emotional and perceptual consequences of
tinnitus, indicating that both alpha/delta ratio neurofeedback and beta/theta ratio neurofeedback reduced tinnitus
intensity. Analysis of EEG data showed a consistent pattern for the alpha/delta ratio neurofeedback over the
course of training compared to beta/theta ratio neurofeedback [28]. In our study, we compared the DAR and
DTABR parameters between two eyes open/closed conditions of EEG recording in tinnitus patients. In the eyes-
closed condition, DAR and DTABR were significantly lower in comparison with the eyes-open condition. Based
on previous reports and the current study, it seems that increased DAR is a good indicator of tinnitus in EEG
recording with eyes open.

Negative correlation of the THI score with DAR and DTABR in the eye-closed condition (due to the increase in
alpha power) and positive correlation between them in the eyes-open condition (due to the increase in delta



power) was other findings of this study. These findings may indicate that these indicators can show the level of
distress and annoyance in tinnitus to some extent. A neurofeedback study found no significant interaction effect
of timexgroup for the THI score but reported a significant interaction effect for the Tinnitus Magnitude Index
(TMI). According to this study, alpha/beta ratio neurofeedback was more effective in reducing distress and
tinnitus intensity [28]. The relationship between objective EEG findings and subjective findings (score of a self-
report questionnaire) in tinnitus sufferers can be useful for new evaluations, treatment approaches, and follow up
techniques in tinnitus studies. Quantitative EEG recording with eyes closed may increase alpha and beta power
and lead to errors; therefore, it is better to record the EEG activity of tinnitus people with their eyes open.

In our study, brain mapping analysis indicated a reduced delta power in the occipital area, a reduced theta power
in the central and frontal areas, and increased alpha power in the central and parietal areas in the eyes-closed
condition. This finding is in line with the results of a previous study [19]. According to Roseman et al., superior
parietal along with bifrontal cortex and supramarginal gyrus are involved in compensatory process attenuating
tinnitus perception [29]. Reduced theta activity in the frontal area and increased alpha activity in the parietal area
may suggest the compensatory processing efforts to attenuate the tinnitus perception.

Based on our findings, it can be said that there are significant differences in alpha and delta powers between two
eyes open/closed conditions in tinnitus patients. DAR and DTABR scales can be used as biomarkers for detection
of eye effect on the EGG activity of tinnitus people. Also, considering their reported correlations with the THI
score, it seems that they may be useful biomarkers in the follow-up of the intervention effects in tinnitus patients.
The present study had some limitations. The sample size was relatively small to-generalize the findings. The
findings of the present study cannot be generalized to all tinnitus population. The EEG recording only in the
resting state cannot present a complete understanding of tinnitus neural network and connections between the
hubs in this network. For the future studies, recording of the EEG or'evoked responses by presenting the triggers
with focusing on the central auditory processing for complete understanding of tinnitus neural network and the
connection between the hubs in this network is recommended. To more stimulate alpha rhythm, the use of light
stimulation is recommended. Moreover, we recommend the use of biomarkers suggested in this study for the
follow-up of intervention output in reducing tinnitus annoyance/distress along with the tinnitus questionnaires. It
seems that these biomarkers can use in follow-up. stages for any tinnitus interventions including cognitive
behavioral therapy, tinnitus retraining therapy, or neuromodulator techniques.

Conclusion

People with tinnitus have different electroencephalography activities, especially in delta band, in the eyes
open/closed conditions, compared to the similar electroencephalography activity reported for people without
tinnitus. It seems that the increased DAR in the eyes-open condition compared to the eyes-closed condition is a
good marker for the detection of tinnitus. It seems that delta/alpha ratio and delta+theta/alpha+beta ratio can be
more valuable biomarkers in interpreting the perception and experience of tinnitus or intervention outcomes in
people with tinnitus.

Ethical Considerations

Compliance with ethical guidelines
This study has ethical approval from the Ethics Committee of the University of Social Welfare and Rehabilitation
Sciences (Ethical code: IR.USWR.REC.1401.230).

Funding
This research did not receive any grant from funding agencies in the public, commercial, or non-profit sectors.

Authors’ contributions

MS: Study design, acquisition of data, interpretation of the results, statistical analysis, and drafting-editing the
manuscript; YL: Study design, drafting the manuscript; ST: Study design, interpretation of the results, EEG
analyzing and drafting the manuscript; EB: Statistical analysis, methodology, drafting the manuscript; MJ:
Supervision, methodology, study design, interpretation of the results, and drafting-editing the manuscript.

Conflict of interest



The present study has no conflict of interest.

Acknowledgments
We would like to thank the participated patients in the present study and the audiology department of Asma
rehabilitation center and the clinical research development unit of Rofeideh rehabilitation hospital.

References

1. Eggermont JJ. On the pathophysiology of tinnitus; a review and a peripheral model. Hear Res. 1990;48(1-2):111-23. [DOI:10.1016/0378-
5955(90)90202-z]

2. Mgller AR. Pathophysiology of tinnitus. Otolaryngol Clin North Am. 2003;36(2):249-66, v-vi. [DOI:10.1016/s0030-6665(02)00170-6]

3. Elgoyhen AB, Langguth B, De Ridder D, Vanneste S. Tinnitus: perspectives from human neuroimaging. Nat Rev Neurosci. 2015;16(10):632-
42.[DOI:10.1038/nrn4003]

4, Langguth B, Kreuzer PM, Kleinjung T, De Ridder D. Tinnitus: causes and clinical management. Lancet Neurol. 2013;12(9):920-30.
[DOI:10.1016/S1474-4422(13)70160-1]

5. Weisz N, Dohrmann K, Elbert T. The relevance of spontaneous activity for the coding of the tinnitus sensation. Prog Brain Res. 2007;166:61-
70. [DOI:10.1016/S0079-6123(07)66006-3]

6. Ashton H, Reid K, Marsh R, Johnson I, Alter K, Griffiths T. High frequency localised "hot spots" in temporal lobes of patients with intractable
tinnitus: a quantitative electroencephalographic (QEEG) study. Neurosci Lett. 2007;426(1):23-8. [DOI:10.1016/j.neulet.2007.08.034]

7. De Ridder D, Vanneste S, Langguth B, Llinas R. Thalamocortical Dysrhythmia: A Theoretical Update in Tinnitus. Front Neurol. 2015;6:124.
[DOI:10.3389/fneur.2015.00124]

8. Barry RJ, Clarke AR, Johnstone SJ, Magee CA, Rushby JA. EEG differences between eyes-closed and eyes-open resting conditions. Clin
Neurophysiol. 2007;118(12):2765-73. [DOI:10.1016/j.clinph.2007.07.028]

9. Barry RJ, De Blasio FM. EEG differences between eyes-closed and eyes-open resting remain.in healthy ageing. Biol Psychol. 2017;129:293-
304. [DOI:10.1016/j.biopsycho.2017.09.010]

10. Hohaia W, Saurels BW, Johnston A, Yarrow K, Arnold DH. Occipital alpha-band brain waves when the eyes are closed are shaped by ongoing
visual processes. Sci Rep. 2022;12(1):1194. [DOI:10.1038/s41598-022-05289-6]

11. Chang SD, Kuo PC, Zilles K, Duong TQ, Eickhoff SB, Huang ACW, et al. Brain Reactions to Opening and Closing the Eyes: Salivary Cortisol
and Functional Connectivity. Brain Topogr. 2022;35(4):375-97. [DOI:10.1007/s10548-022-00897-x]

12. Zhang D, Gao Z, Liang B, Li J, Cai Y, Wang Z, et al. Eyes Closed Elevates Brain Intrinsic Activity of Sensory Dominance Networks: A
Classifier Discrimination Analysis. Brain Connect. 2019;9(2):221-30. [DOI:10.1089/brain.2018.0644]

13. Alonso-Valerdi LM, Ibarra-Zarate DI, Tavira-Sanchez FJ, Ramirez-Mendoza RA; Recuero M. Electroencephalographic evaluation of acoustic
therapies for the treatment of chronic and refractory tinnitus. BMC Ear Nose Throat Disord. 2017;17:9. [DOI:10.1186/s12901-017-0042-2]

14. Geller AS, Burke JF, Sperling MR, Sharan AD, Litt B, Baltuch.GH, et al. Eye closure causes widespread low-frequency power increase and
focal gamma attenuation in the human electrocorticogram. Clin Neurophysiol. 2014;125(9):1764-73. [DOI:10.1016/j.clinph.2014.01.021]

15. Ronconi L, Busch NA, Melcher D. Alpha-band sensory entrainment alters the duration of temporal windows in visual perception. Sci Rep.
2018;8(1):11810. [DOI:10.1038/s41598-018-29671-5]

16. Tarasi L, Romei V. Individual Alpha Frequency Contributes to the Precision of Human Visual Processing. J Cogn Neurosci. 2024;36(4):602-
13. [DOI:10.1162/jocn_a_02026]

17. Gilintensperger D, Kleinjung T, Neff P, Thiring C, Meyer M. Combining neurofeedback with source estimation: Evaluation of an SLORETA
neurofeedback protocol for chronic tinnitus treatment. Restor Neurol Neurosci. 2020;38(4):283-99. [DOI:10.3233/RNN-200992]

18. Mahmoudian S, Shahmiri E, Rouzbahani M, Jafari Z, Keyhani M, Rahimi F, et al. Persian language version of the "Tinnitus Handicap
Inventory": translation, standardization; validity.and reliability. Int Tinnitus J. 2011;16(2):93-103.

19. Petro NM, Ott LR, Penhale SH, Rempe MP, Embury CM, Picci G, et al. Eyes-closed versus eyes-open differences in spontaneous neural
dynamics during development. Neuroimage. 2022;258:119337. [DOI:10.1016/j.neuroimage.2022.119337]

20. Kan DPX, Croarkin PE, Phang CK, Lee PF. EEG Differences Between Eyes-Closed and Eyes-Open Conditions at the Resting Stage for
Euthymic Participants. Neurophysiology. 2017;49:432-40. [DOI:10.1007/511062-018-9706-6]

21. Mohsen S, Mahmoudian S, Talebian S, Pourbakht A. Multisite transcranial Random Noise Stimulation (tRNS) modulates the distress network
activity and oscillatory powers in subjects with chronic tinnitus. J Clin Neurosci. 2019;67:178-84. [DOI:10.1016/j.jocn.2019.06.033]

22. Isler JR, Pini N, Lucchini M, Shuffrey LC, Morales S, Bowers ME, et al. Longitudinal characterization of EEG power spectra during eyes
open and eyes closed conditions in children. Psychophysiology. 2023;60(1):e14158. [DOI:10.1111/psyp.14158]

23. Joos K, Vanneste S, De Ridder D. Disentangling depression and distress networks in the tinnitus brain. PLoS One. 2012;7(7):e40544.
[DOI:10.1371/journal.pone.0040544]

24. Czornik M, Birbaumer N, Braun C, Hautzinger M, Wolpert S, Léwenheim H, et al. Neural substrates of tinnitus severity. Int J Psychophysiol.
2022;181:40-9. [DOI:10.1016/j.ijpsycho.2022.08.009]

25. Lan L, LiJ, Chen Y, Chen W, Li W, Zhao F, et al. Alterations of brain activity and functional connectivity in transition from acute to chronic
tinnitus. Hum Brain Mapp. 2021;42(2):485-94.

26. Spagna A, Hajhajate D, Liu J, Bartolomeo P. Visual mental imagery engages the left fusiform gyrus, but not the early visual cortex: A meta-
analysis of neuroimaging evidence. Neurosci Biobehav Rev. 2021;122:201-17. [DOI:10.1016/j.neubiorev.2020.12.029]

217. Sadeghijam M, Moossavi A, Akbari M. Does tinnitus lead to chaos? Braz J Otorhinolaryngol. 2021;87(2):125-6.
[DOI:10.1016/j.bjorl.2020.11.022]

28. Jensen M, Alanis JCG, Hiittenrauch E, Winther-Jensen M, Chavanon ML, Andersson G, et al. Does it matter what is trained? A randomized
controlled trial evaluating the specificity of alpha/delta ratio neurofeedback in reducing tinnitus symptoms. Brain Commun. 2023;5(4):fcad185.
[DOI:10.1093/braincomms/fcad185]

29. Rosemann S, Rauschecker JP. Disruptions of default mode network and precuneus connectivity associated with cognitive dysfunctions in

tinnitus. Sci Rep. 2023;13(1):5746. [DOI:10.1038/541598-023-32599-0]


https://doi.org/10.1016/0378-5955(90)90202-z
https://doi.org/10.1016/0378-5955(90)90202-z
https://doi.org/10.1016/s0030-6665(02)00170-6
https://doi.org/10.1038/nrn4003
https://doi.org/10.1016/s1474-4422(13)70160-1
https://doi.org/10.1016/s0079-6123(07)66006-3
https://doi.org/10.1016/j.neulet.2007.08.034
https://doi.org/10.3389/fneur.2015.00124
https://doi.org/10.1016/j.clinph.2007.07.028
https://doi.org/10.1016/j.biopsycho.2017.09.010
https://doi.org/10.1038/s41598-022-05289-6
https://doi.org/10.1007/s10548-022-00897-x
https://doi.org/10.1089/brain.2018.0644
https://doi.org/10.1186/s12901-017-0042-z
https://doi.org/10.1016/j.clinph.2014.01.021
https://doi.org/10.1038/s41598-018-29671-5
https://doi.org/10.1162/jocn_a_02026
https://doi.org/10.3233/rnn-200992
https://doi.org/10.1016/j.neuroimage.2022.119337
https://link.springer.com/article/10.1007/s11062-018-9706-6#citeas
https://doi.org/10.1016/j.jocn.2019.06.033
https://doi.org/10.1111/psyp.14158
https://doi.org/10.1371/journal.pone.0040544
https://doi.org/10.1016/j.ijpsycho.2022.08.009
https://doi.org/10.1016/j.neubiorev.2020.12.029
https://doi.org/10.1016/j.bjorl.2020.11.022
https://doi.org/10.1093/braincomms/fcad185
https://doi.org/10.1038/s41598-023-32599-0

Table 1. The mean relative power (%) of five frequency bands in two eyes-closed and eyes-open conditions in resting position for different brain areas
and their comparison

Mean(SD)

Frequency band Brain region Eyes open Eyes closed t/z statistic p
Total 63.84(18.99) 44.27(17.89) t=6.379 <0.001"
Frontal 64.21(19.75) 50.84(21.03) t=4.293 <0.001"
Temporal (left) 62.24(20.83) 46.18(18.60) t=5.092 <0.001"
Delta Central 65.07(22.17) 44.20(19.21) t=5.945 <0.001"
Temporal (right) 63.01(21.51) 44.10(18.31) t=5.676 <0.001"
Parietal 62.92(21.05) 41.08(20.87) t=5.564 <0.001"
Occipital 66.75(19.98) 39.17(20.69) t=7.426 <0.001"
Total 16.06(8.74) 13.42(7.49) t=1.797 0.079"
Frontal 18.87(10.96) 13.55(10.16) t=2.650 0.011"
Temporal (left) 15.53(9.13) 13.22(7.57) t=1.627 0.111"
Theta Central 15.61(10.21) 14.29(7.52) t=0.824 0.414"
Temporal (right) 13.98(8.71) 13.70(7.01) t=0.191 0.849"
Parietal 17.37(10.11) 12.25(8.08) t=2.885 0.006"
Occipital 16.08(10.59) 13.53(9.26) t=1.318 0.194"
Total 9.71(7.80) 31.05(17.65) t=-7.941 <0.001"
Frontal 8.45(7.75) 26.43(18.86) t=—6.360 <0.001"
Temporal (left) 9.73(8.36) 28.72(17.07) =-7.508 <0.001"
Alpha Central 9.50(7.36) 29.17(16.93) t=-8.026 <0.001"
Temporal (right) 10.36(8.70) 29.24(17.73) =—6.921 <0.001"
Parietal 10.70(9.03) 36.49(20.94) t=—7.558 <0.001"
Occipital 9.01(9.20) 37.44(21.89) t=—8.441 <0.001*
Total 9.14(8.77) 10.47(6.54) 7=-2.48 0.013*
Frontal 7.31(9.45) 8.32(6.24) 7=-2.38 0.017"
Temporal (left) 10.58(8.89) 10.82(6.68) z=0.77 0.441"
Beta Central 9.66(9.33) 12.00(8.53) z2=-2.82 0.005™
Temporal (right) 10.33(9.96) 11.47(7.19) z=-1.84 0.066™
Parietal 7.75(7.81) 9.72(6.44) 7=-2.56 0.010™
Occipital 7.30(8.75) 9.63(7.23) z2=-2.93 0.007™
Total 0.89(1.09) 1.68(4.02) z2=-0.72 0.468™
Frontal 0.64(0.87) 1.57(4.18) z=-1.06 0.289"
Gamma Temporal (left) 1.40(2.00) 1.85(3.94) z=-0.24 0.806™
Central 0.94(1.10) 1.49(3.39) z=-0.64 0.523™

Temporal (right 1.46(2.13) 2.15(5.00 z=-0.37 0.714™
g



Parietal 0.45(0.51) 1.51(5.35) =-1.28 0.201™

Occipital 0.40(0.38) 1.24(2.94) 7=2.12 0.034"

* Paired t-test; ™ Wilcoxon test
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Figure 1. Comparison of delta/alpha ratio and delta+theta/alphatbeta ratio between eyes open/closed conditions in tinnitus patients
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Figure 2. Relative power of electroencephalography bands at two eye conditions based on the statistical nonparametric mapping of standardized low-
resolution brain electromagnetic tomography analysis images. Alpha power increased and delta power reduced in the eyes-closed conditions (Eyes
open in blue line and Eyes closed in red line). The brain mapping shows that relative power at the eyes-closed condition reduced at delta and theta
bands (blue areas) but increased at alpha and beta bands (yellow and red areas)



