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The present database contains brain activity of subjective tin-
nitus sufferers at identifying their sound tinnitus. The main
objective of this database is to provide spontaneous Elec-
troencephalographic (EEG) activity at rest, and evoked EEG
activity when tinnitus sufferers attempt to identify their
sound tinnitus among 54 tinnitus sound examples. For the
database, 37 volunteers were recruited: 15 ones without tin-
nitus (Control Group - CG), and 22 ones with tinnitus (Tin-
nitus Group - TG). For EEG recording, 30 channels were used
to record two conditions: 1) basal condition, where the volun-
teer remained in a state of rest with the open eyes for two
minutes; and 2) active condition, where the volunteer must
have identified his/her sound stimulus by pressing a key. For
the active condition, a sound-tinnitus library was generated
in accordance with the most typical acoustic properties of
tinnitus. The library consisted in ten pure tones (250 Hz,
500 Hz, 1 kHz, 2 kHz, 3 kHz, 3.5 kHz, 4 kHz, 6 kHz, 8 kHz,
10 kHz), a White Noise (WN), a Narrow Band noise-High fre-
quencies (NBH, 4 kHz-10 kHz), a Narrow Band noise-Medium
frequencies (NBM,1 kHz-4 kHz), a Narrow-Band noise Low
frequencies (NBL, 250 Hz-1 kHz), ten pure tones combined
with WN, ten pure tones superimposed with NBH, ten tones
with NBM and ten pure tones combined with NBL. In total,
54 sound-tinnitus were applied for both groups. In the case
of CG, volunteers must have identified a sound at 3.5 kHz. In
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addition to EEG information, a csv-file with audiometric and
psychoacoustic information of volunteers is provided. For TG,
this information refers to: 1) hearing level, 2) type of tinni-
tus, 3) tinnitus frequency, 4) tinnitus perception, 5) Hospital
Anxiety and Depression Scale (HADS) and 6) Tinnitus Func-
tional Index (TFI). For CG, the information refers to: 1) hear-
ing level, and 2) HADS.
© 2024 The Author(s). Published by Elsevier Inc.
This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

Specification Table

Subject
Specific subject area
Data format

Biological Sciences: Neuroscience
Neuroscience: Sensory Systems, Electrophysiology
Audiometric and psychoacoustic information - Excel-file

EEG recordings in basal condition — Raw (gdf-file) and pre-processed signals
(set-file)
EEG recordings at identifying tinnitus sound - Raw (gdf-file), pre-processed
(set-file), and epoched signals (set-file)
Single-trial auditory event related potentials - set-file
Tinnitus-sound library - wav-file

Type of data Biosignal recordings - human brain activity

Data collection The EEG recordings were acquired by two g.USBamp amplifiers, which were
synchronized to have a total of 32 channels. A sampling rate of 256 Hz and
less than 5 k2 electrode-skin interface impedance were set for acquisition. FCz
and A1 electrodes were the ground and reference electrodes of the system,
respectively. Of the total 32 channels, 30 of them were for EEG recording, and
the rest of them were for electrooculography (EOG) recording. The positions of
the electrodes were in line with the International 10/20 Standard System.

Data source location Escuela de Ingenieria y Ciencias, Tecnologico de Monterrey, Monterrey, Nuevo
Leon, México.
Data accessibility All the data is in a public repository described below.

Repository name: Mendeley Data

Data identification number: 10.17632/fj7sskjdt7.5

Direct URL to data: https://data.mendeley.com/datasets/fj7sskjdt7/5

Version 5

Torres-Torres, Alma Socorro; Alonso-Valerdi, Luz Maria; Ibarra-Zarate, David I
(2023), “Characterization of Tinnitus Through the Analysis of
Electroencephalographic Activity”, Mendeley Data, V5, doi:10.17632/fj7sskjdt7.5

1. Value of the Data

+ The database is relevant for studying the tinnitus functional changes in brain networks by
the evoked response on identifying a sound that matches the subjective tinnitus. As well
as basal brain activity that can be used to describe the ongoing brain activity correlated
with a continuous perception of this symptom.

This data can be used by Data Scientists, Audiologists, and Medical Research Institutes
to design, compare, and deploy artificial intelligence models for the development of a
computer-aided diagnosis tool.

+ This dataset was acquired to characterize subjective tinnitus on the basis on its EEG reac-
tion; and to develop effective treatments that would improve the quality of life of tinnitus
sufferers.

This dataset is the first to achieve the characterization of the psychoacoustics of tinni-
tus by analysing evoked responses. This unique methodology would allow for the devel-
opment of an objective diagnosis and characterization methodology, which is lacking in
current clinical practice.
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Fig. 1. Data structure in the Mendeley Data repository.

2. Objective

Subjective tinnitus is a symptom associated with the perception of a sound without an ex-
ternal source that generates it. Although its origin is possibly due to a hearing impairment, the
perception of this is a brain pathology that causes a decrease in the quality of life of people
who suffer from it, having significant morbidity. It has no cure, and alternative treatments re-
main uncertain.

The main objective of this database was to gather data related to brain activity to characterize
tinnitus and to provide a reliable and replicable accurate measurement that reflected the nature
of this symptom.

3. Data Description

As is shown in Fig. 1, this section describes the structure of data available in the Mendeley
Data repository. In the root folder, the data is divides into three folders regarding the two types
of EEG data: 1) Active, 2) Basal, and 3) the Tinnitus sound library, besides two files related to
the 4) audiometric and psychoacoustic information, and the 5) topographical distribution of the
EEG channels.
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3.1. Active

The sound identification step is provided as raw and pre-processed data, and processed
Event-Related Potential (ERP) single trials. Raw data is in gdf-format, and the rest of information
is in set-format. Both formats can be read by BioSig. This folder is divided into two sub-folders:
Tinnitus Group (TG) and Control Group (CG). In turn, each group is divided into four folders,
where Acu_## refers to each run of the active mode. The ERP-single-trial folder has each single
trial ERP per volunteer ready to be featured and classified. Besides, this folder contains a CSV
file containing a binary matrix that indicates the stimulus that the subject selected during the
active paradigm.

3.2. Basal

Raw and pre-processed basal data are provided for each patient in gdf and set formats. This
folder is divided into two folders related to each study group.

3.3. Tinnitus-sound library

The sounds that were generated for TG are located in this folder in wav-format: 10 pure
tones (250 Hz, 500 Hz, 1 kHz, 2 kHz, 3 kHz, 3.5 kHz, 4 kHz, 6 kHz, 8 kHz, 10 kHz), a White Noise
(WN), a Narrow-Band noise-High frequency (NBH, 4 kHz-10 kHz), a Narrow-Band noise-Medium
frequencies (NBM, 1 kHz-4 kHz), a Narrow-Band noise-Low frequencies (NBL, 250 Hz-1 kHz),
ten pure tones combined with RB, ten pure tones superimposed with NBH, ten tones with NBM,
ten pure tones combined with NBL and a silence recording. The functions were programmed
under a MATLAB (version 2022b) programming environment. CG sounds were overlaid with a
pure 3.5 kHz tone to emulate tinnitus sound.

3.4. EEG channel location

This file contains the file location of the topographical distribution of EEG channels. FCz and
A1 electrodes were the ground and reference electrodes of the system, respectively. Of the total
32 channels, 30 of them were for EEG recording, and the rest of them were for electrooculog-
raphy (EOG) recording. The positions of the electrodes were in line with the International 10/20
Standard System.

3.5. Audiometric and psychoacoustic data
This csv-file contains the audiometric and psychoacoustic information of each volunteer, pro-
viding the following fields for TG: 1) hearing level, 2) type of tinnitus, 3) tinnitus frequency, 4)

tinnitus perception, 5) HAD and 6) TFI. For CG, only two fields are provided: 1) hearing level, 2)
HADS.

4. Experimental Design, Materials and Methods
4.1. Sample size calculation

Despite the data being acquired during the COVID-19 pandemic shutdown, the number of
recruited participants was limited. To determine enough participants needed to detect potential
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EEG biomarkers characterizing the presence of tinnitus, a sample size calculation was imple-
mented according to equation (1) that allows finding the minimum sample size per group (n)
when the goal is to compare and average continuous variable between two populations [1].

(o0~ 28)"occ”

(leG — Hre)”
In the equation:

n=2 (1)

« 74 is the two-tailed z-value from a 95 and 99% confidence level.
* zg is the one-tailed z-value from the power 80 and 95%.

* g is the mean from the control group (CG).

* g is the mean from the tinnitus group (TG).

« o¢c is the control group (CG) standard deviation.

The variable used to estimate the optimal sample size was EEG Power Spectral Density (PSD)
on gamma oscillations (30-90 Hz) at resting state with open eyes, on channels T7 and T8 be-
cause the temporal lobes have been reported as a relevant brain cortex areas to distinguish tin-
nitus from controls in previous research [2]. PSD on gamma has been reported as an accurate
biomarker for aberrant gamma oscillations in central nervous system diseases like hearing im-
pairment [3] and tinnitus [4]. To obtain the mean of each group, EEG data of tinnitus patients
and control subjects were obtained from an EEG database of 103 participants [5]. For the CG, the
mean (pcg) was 0.645uV2 with a o equal to 0.421WV2. For TG the mean (jLr¢) was 1.183 uV2,
therefore the \wr¢ > g Which corresponds with the expect increase of gamma oscillations on
the continuous perception of a sound of tinnitus subjects [6,7]. According to equation (1), for a
power of 80% and 95% of confidence level n = 10 and for a power of 95% and 99% of confidence
level n = 22. Therefore, the main goal was to recruit between 10 and 22 participants per group.
Because the COVID-19 pandemic shutdown was hard to recruit the participants, especially for
the CG. On the other hand, recruiting TG participants was relatively quicker because almost all
chronic tinnitus sufferers experience a worsened perception of tinnitus.

4.2. Audiometer AD226

The Interacoustics audiometer (AD226) was used to perform tonal audiometry (TG and GC)
and subjective tinnitus pitch matching (TG) at the beginning of the experimental procedure. The
AD226 audiometer is a hybrid diagnostic audiometer from the Interacoustics company. It mea-
sures the full hearing range, reaching a maximum output of 120dBHL across most frequencies.
Offering versatility, it includes “dual calibration” for two earphone sets. Additionally, the au-
diometer includes bone conduction and masking for diagnostic audiological testing, making it a
comprehensive solution for immediate or future use. [8].

4.3. SHURE headphones

Professional hearing aids with extended frequency response were used to manage sounds
in the experimental paradigm, allowing an accurate audio signal to be reproduced over a wide
range [9]. The use of SHURE hearing aids guaranteed that the reproduced sounds maintained
their acoustic properties, essential for the proper identification of sounds by the participants, the
intensity of each frequency was adjusted according to the hearing level of each band + 10 dB,
and the volume according to the level of perception of each participant.
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Fig. 2. Electrode distribution. Distribution of EEG and EOG channels, where channels 1-30 recorded EEG and channels
31-32 recorded EOG; this distribution was proposed for better processing of EEG signals, ensuring the elimination of
EOG artifacts.

4.4. g.USBamp EEG amplifier

Two sychrnonized g.USBamp amplifiers were used to record 32 EEG channels, 16 DC-coupled
wide-range input channels per unit. With a sampling frequency of 256 Hz, electrode-skin in-
terface impedance is less than 5 k2. This bioamplifier has an input range of 250 mV, allowing
direct current signals to be recorded without saturation. The FCz and A1 electrodes were the
ground and reference electrodes of the system, respectively. Of the channels, 30 of them were
for EEG, and 2 of them were for EOG recording. The positions of the electrodes that recorded
EEG correspond to the standard sites of the international 10/20 system, and the location of the
EOG electrodes is shown in Fig. 2.

4.5. Tinnitus functional index (TFI)

The TFI indicates the tinnitus affection on a scale of 1 to 100, where 25 or less than 25
indicates mild affection, 25-50 indicates moderate affection, and 50 or more indicates severe
affection [10]. TFI was included in experimental procedure to measure the level of involvement
in eight different fields: 1) intrusiveness, 2) sense of control, 3) cognitive interference, 4) sleep
disturbance, 5) auditory difficulties, 6) relaxation interference, 7) reduction in quality of life, and
8) emotional distress.

4.6. Hospital anxiety and depression scale (HADS)

The HADS questionnaire has been widely used to assess emotional distress in patients with
chronic conditions [11]. HADS was included in the experimental procedure to measure the emo-
tional impairment of tinnitus sufferers related to their condition. This identification of anxiety
and depressive disorders in tinnitus patients is important to attempt to disentangle the hetero-
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geneity of this symptom. HADS has been reported as a useful scale for screening in tinnitus
patients [12].

4.7. Experimental procedure

An experimental procedure was implemented for each study group divided into two sessions.
In the face of the COVID-19 pandemic, the participant and examiner’s health and safety were
considered. Therefore, direct contact time was minimized by implementing a virtual session to
inform the participant about the procedure. Subsequently, with their consent, a face-to-face ses-
sion was scheduled with the pertinent sanitary measures to acquire the study data. The sanitary
measures were: 1) the use of face coverings for both the examiner and the participant, 2) the
use of a mask for the examiner, 3) continuous disinfection of the work area, and (4) the use of
antibacterial gel.

4.7.1. Tinnitus group (TG)

In the virtual session, the protocol and scientific purpose of data collection were informed,
guaranteeing confidentiality. After obtaining the electronic informed consent, the TFI and HADS
questionnaires (electronic format in Spanish) were applied. Finally, the face-to-face session was
scheduled no later than one week later.

In the face-to-face session, subjective clinical characteristics were first acquired through a
tonal audiometry (hearing level), and a tinnitus pitch matching (tone and intensity). Tinnitus
sounds were generated according to the hearing thresholds. EEG signals were recorded in line
with the following paradigm: 1) baseline condition, where the participant remained in a state
of rest, with eyes open (2.53 min); and 2) active condition, where the participant had the task
of identifying their sound tinnitus. A 5min-break was provided between conditions. In total, the
face-to-face session lasted approximately 50 min.

4.7.2. Control group (CG)

The virtual session was to inform about the procedure, and the investigation purpose of the
data collection, guaranteeing confidentiality. After their informed consent, a face-to-face session
was scheduled.

In the face-to-face session, auditory thresholds were obtained through tonal audiometry
(hearing level). The tinnitus sounds were generated by superimposing with a tone of 3.5 kHz
(a tone they would have to identify during active condition). The experimental paradigm was
as follows: 1) basal condition, where the person remained in a state of rest with eyes open; 2)
active condition, where the participant had the task of identifying the 3.5 kHz sound stimulus,
which they listened to for one minute before starting with the identification within the sound-
tinnitus library. At the end of the session, they were thanked for participating in the protocol
and for sharing the results of tonal audiometry.

4.8. Experimental paradigm

The experimental paradigm consisted of two stages: 1) passive, where the person remained
in a state of rest with eyes open; 2) active, where the participant was tasked with identifying a
specific sound stimulus (tinnitus for GA and 3.5 kHz tone for GC). The experimental paradigm
was developed on the OpenViBE software platform. OpenViBE allows to design experimental
paradigms, and store EEG records, among other functions [13].

Volunteers were seated on a chair with a back in a comfortable position, with the instruction
to move as little as possible. A monitor was placed one meter away, where visual reinforcements
were shown, and which guided the person during the paradigm. Additionally, auditory instruc-
tions were used before each scenario to guarantee the person performed the activity correctly.
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Fig. 3. Experimental paradigm at baseline: spontaneous EEG activity with eyes open for two minutes. At the beginning
of the registration, auditory instructions (red) were administered through hearing aids (B), followed by a one-second
beep sound (orange) to indicate to the participant both the start and end of the registration. During registration, a visual

reinforcement (A) marked where the participant had to keep their gaze fixed.

4.8.1. Basal stage
The description of the events in the passive stage of the experimental paradigm is shown in

Fig. 3. First, the auditory instructions instructed the participant to remain with their eyes open
during registration. Visual reinforcements were used to keep the person gaze fixed at a point, as
well as sound reinforcements to indicate the beginning and end of the two-minute record. This

records the spontaneous activity of the participant.

4.8.2. Tinnitus sound identification (Active mode)
Two different experimental paradigms for active mode were implemented for both groups,

TG and CG. Volunteers were recorded under the specifications shown in Fig. 4, but paradigms
differed in the sounds and the activity to be performed. Each paradigm had 55 stimuli (54
sounds and one silence), lasting one second. The intensity was adjusted to the results of the
tonal audiometry, increasing 10 dB [14] over their respective thresholds at each frequency, and
the time between stimuli had a random value of three to five seconds. The sound stimulation
step was randomly repeated three times, having three minutes of rest between them. The to-
tal time of the paradigm was 30 min. In addition, stimuli that the participant identified were

marked with a label when pressing the button.

4.9. Pre-processing EEG signals

Once all EEG recordings were obtained, the signals were pre-processed to remove external
and internal artifacts using EEGlab v2022.1, a MATLAB v2022b Toolbox that allows the processing
of different electrophysiological signals [15].

To remove the artifacts, as shown in Fig. 5, first, the spherical coordinates of the channels
were added, as well as the removal of the baseline. Channels EOG1 and EOG2 were referenced
to the Fpz channel. The original bandwidth of the register from 0.1 to 100 Hz was maintained.
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Fig. 4. Experimental paradigm active stimulation. At the beginning of the registration, the instructions (red) of the task
were administered via the auditory (B). Subsequently, 55 sound stimuli were played, with an interstimulus space (green
line) of three to five seconds. Each stimulus (orange) lasted one second. A mark was placed on the record when the
participant identified a sound by pressing a button (C). Additionally, visual reinforcements (A) were used to maintain
the participant’s attention. In total, one stage lasted between five to six minutes.
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Fig. 5. Pre-processing of EEG recordings. (A) is a fragment of a person’s original record of the Fz channel. It has in-
ternal artifacts (flickers). Then, the baseline (LB) is eliminated, resulting in (B). The removal of occasional artifacts with
Clean_rawdata (C) was applied. The independent components were calculated, and the artifacts of each component were
attenuated with wiCA (D). Finally, the channels that were removed were interpolated, and the EOG channels were re-
moved; the 30 artifact-free EEG channels were stored in "*.set’ format.



10 A.S. Torres-Torres, L.M. Alonso-Valerdi and D.I. Ibarra-Zarate et al./Data in Brief 53 (2024) 110142

Second, transient artifacts were removed through the EEGlab plugin Clean_rawdata v2.91,
where from the 30 EEG channels, the channels that had the most artifacts were removed, i.e.,
flat line threshold - 5 s, noisy line threshold - 5 s, a low correlation with adjacent channels
(correlation threshold - 0.8). In addition, segments of the record with amplitude artifacts were
eliminated (information reconstruction was not applied).

Third, Independent Component Analysis (ICA) was applied that separates source signals as
different Independent Components (ICs) [16]; the ICA Infomax version was used using the runic
EEGLAB algorithm, as it has been reported to give stable decompositions. EEG and EOG channels
were included. The EEG signal was filtered between 1 and 100 Hz to apply ICA. Once the algo-
rithm calculated the IC weights, all IC weights from the filtered 1-100 Hz register were copied
to the Clean_rawdata output file. Subsequently, this was used to eliminate the artifacts of each
ICs. wiCA v5.3 implements wavelet thresholding to attenuate those not corresponding to an EEG
signal. It allows the recovery of neural activity in contaminated components [17]. Finally, all re-
moved channels were interpolated using the EEGLAB eeg_interp() function with the spherical in-
terpolation method [18]. This pipeline is available in https://github.com/AlmaSTT/ChaTinnitusEEG.

Limitations

The reference to measure the bias of the tinnitus characterization system was subjective tin-
nitus pitch matching. Measurements in this study often vary + an octave[19] . That is, if the
person selected the frequency of 4 kHz during subjective tinnitus pitch matching; the confusion
range could be from 2 kHz to 8 kHz. That is why bias is an auxiliary indicator for selecting
methodologies. To have a more accurate reference, it will be necessary to establish a more pre-
cise reference in the future.
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