
Copyrights © 2016 The Korean Society of Radiology434

Original Article
pISSN 1738-2637 / eISSN 2288-2928
J Korean Soc Radiol 2016;75(6):434-445
https://doi.org/10.3348/jksr.2016.75.6.434

INTRODUCTION

Tinnitus is defined as an auditory phantom perception with-
out a corresponding external sound source. Tinnitus is one of the 
most common otologic symptoms, affecting 10–15% of people 
(1-3). One potential mechanism of tinnitus is the alteration of 
perception in neural auditory pathways. Therefore, tinnitus is 
often the focus of neuroscience studies involving functional MRI 
(fMRI). In the last decade, fMRI in tinnitus has focused on 
task-based neuronal stimulations using auditory and somatic 
modulation. One limitation of task-based fMRI in tinnitus is 
the bias from modulation processing. Because auditory or so-

matic modulation in a tinnitus patient is often too impaired to 
correctly perform the requested task, task-based fMRI studies 
in tinnitus patients are difficult to generalize.

Contrary to task-based fMRI, resting-state fMRI (rs-fMRI) is 
a relatively novel technique that has the potential to overcome 
many of these limitations. Because tinnitus involves consistently 
abnormal intrinsic neural activation, it is a suitable subject for 
rs-fMRI. Several previous studies demonstrated alterations of 
resting-state functional connectivity (FC) in tinnitus using mag-
netoencephalography (4, 5). These studies reported different 
activities and connectivities in the auditory cortex networks of 
the tinnitus groups compared to the control groups. Additional 
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research has explored altered connectivity in tinnitus using rs-
fMRI (6-13). Papers describing rs-fMRI use in patients with tin-
nitus have only recently started to get published. The primary 
findings of these studies were greater connectivity between the 
auditory network (AN) and the limbic area, alterations in the 
AN, and increased connectivity between the attention and au-
ditory processing brain regions. However, existing studies are 
limited by heterogeneity and a small sample size.

One of the roles of rs-fMRI in research is to demonstrate the 
variance of neuronal networks according to the clinical pheno-
type in neuropsychological disorders. Subjective tinnitus can be 
classified by the subgroup according to lateralization of tinnitus. 
Because tinnitus is considered a central nervous system problem, 
we anticipate that different clinical manifestations may be associ-
ated with different neuronal activities (14-16). Previous studies 
using task-based fMRI and positron emission tomography (PET) 
supported the hypothesis that different neural activities are re-
lated to lateralization of tinnitus (16-20). We hypothesized that 
neuronal connectivity will differ according to lateralization of 
tinnitus, and that rs-fMRI would be an effective tool for reveal-
ing these differences. Demonstration of neuronal connectivity 
according to lateralization will be helpful for objective measure-
ment of lateralized tinnitus and implementation of effective tin-
nitus management strategies. Localization of neural activity in 
tinnitus is used as a target for applying localized treatments 
such as electrode implants or transc-ranial magnetic stimula-
tion for the management of patients with intractable tinnitus. 
Therefore, the objective of this study is to evaluate lateralization 
of the AN in tinnitus patients, and furthermore, to identify po-
tential differences in resting-state networks according to lateral-
ity of tinnitus. 

MATERIALS AND METHODS

We declare that all human and animal studies have been ap-
proved by the Institutional Review Board of the Kyung Hee Uni-
versity Hospital at Gangdong, and they have therefore been per-
formed in accordance with the ethical standards laid down in the 
1964 Declaration of Helsinki and its later amendments. All sub-
jects provided informed consent to understand the purpose of 
the study and to undergo MR imaging.

Subjects

This retrospective study included patients who were diagnosed 
with tinnitus at the tinnitus clinic in our institutes from 2011 to 
2012. Inclusion criteria were as follows: 1) age under 65 years, 2) 
continuous and chronic tinnitus for more than six months, and 
3) moderate Tinnitus Handicap Inventory (THI) score higher 
than 38. Exclusion criteria were as follows: 1) diagnosis of a 
neuropsychological disorder including DSM-IV, 2) alcohol or 
drug addiction, 3) gross cochlear or retrocochlear abnormality 
on MRI, 4) hyperacusis, 5) presence of a cardiac pacemaker, 
claustrophobia, cochlear implant or any other issue that would 
contraindicate an MRI, and 6) presence of a parenchymal le-
sion that causes symptoms such as acoustic schwannoma, brain 
tumor or other parenchymal lesion. A total of 63 patients were 
enrolled in this study.

Healthy adults who were matched with the patient group by 
age and sex were recruited into the control group. Volunteers 
with normal findings based on pure tone audiometry were in-
cluded. Finally, 19 patients with right-sided tinnitus (Rt-T) 
(mean age 51.3 years, 6 males), 22 patients with left-sided tin-
nitus (Lt-T; 51.3 years, 6 males), 22 patients with bilateral tinni-
tus (Bil-T; 54.1 years, 11 males) and 20 healthy control (51.0 
years, 11 males) patients were enrolled in this study.

Clinical Records

We assessed the clinical and otologic information including ba-
sic demographics such as age and sex, presence of hypertension, 
THI, Beck Depression Inventory (BDI), tinnitus pitch matching 
(Hz), duration of tinnitus, tinnitus type (pure tone or narrow 
band noise), and laterality (right-side, left-side, or bilateral).

Acquisition of MRI

rs-fMRI was acquired for all enrolled subjects using a 3.0 Tesla 
MRI system (Achieva, Philips Healthcare, Best, the Netherlands). 
To minimize unintended excitation during imaging, subjects 
were instructed to keep their eyes closed, relax their minds, and 
keep their heads still. Perception of MRI scanner noise was re-
duced with earplugs and headphones. Resting-state BOLD fMRI 
was acquired with a single-shot gradient-echo echo-planar im-
aging sequence using an 8-channel head coil. Imaging parame-
ters were as follows: TR = 2000 ms, echo time (TE) = 30 ms, flip 
angle = 90°, field of view (FOV) = 240 × 240 mm, acquisition 
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matrix size = 80 × 80, acquisition resolution = 3.0 × 3.0 × 4.5 
mm, number of slices = 31, slice thickness = 4.5 mm with no 
gap between slices, number of scans = 176, SENSE factor = 2.0, 
and scan time = 6 minutes. In addition, sagittal structural three-
dimensional (3D) T1-weighted images (T1WI) were acquired 
with a magnetization-prepared rapid acquisition of gradient echo 
sequence to create templates for anatomical brain image regis-
tration. Acquisition parameters were as follows: TR = 8.1 ms, 
TE = 3.7 ms, flip angle = 8°, FOV = 236 × 236 mm2, and voxel 
size = 1 × 1 × 1 mm3. Furthermore, T2-weighted axial images 
and 3D FLAIR images with 1-mm isotropic voxels were ac-
quired to screen for gross structural abnormalities in the tem-
poral bones or brain.

Image Preprocessing

Preprocessing was performed using statistical parametric map-
ping software (SPM8; http://www.fil.ion.ucl.ac.uk/spm/). The 
first 4 images of BOLD fMRI were discarded due to initial signal 
instability and subject adaptation. The remaining raw BOLD 
MRIs were realigned to the first image from each session to cor-
rect for interscan head motion. Mean individual motion was cal-
culated for each subject as the average of the 6 realignment pa-
rameters estimated by SPM. The mean realigned fMRI of each 
subject was co-registered with 3D T1WI to transform the fMRI 
data to the normal template space. 3D T1 volumetric images 
were segmented into gray matter (GM), white matter (WM), 
cerebrospinal fluid, and non-brain tissue. The DARTEL algo-
rithm from SPM8 was used to create a subject population tem-
plate by non-linearly registering all subject-specific GM/WM 
templates. The transformations obtained for T1 to Montreal 
Neurological Institute (MNI) population template registration 
were concatenated to transform the fMRI images to the MNI at-
las space. Finally, spatial smoothing was applied by convolving 
each fMRI volume with the Gaussian kernel having a full width 
at half maximum  of 8 × 8 × 8 mm.

Analysis of Resting-State fMRI

Using the smoothed rs-fMRI data, an independent component 
analysis (ICA) was performed using the group ICA from the 
fMRI toolbox (GIFT; http://icatb.sourceforge.net) (21). Analyses 
of rs-fMRI using GIFT were processed with the recommended 
settings of intensity normalization, ICA3 group dimension re-

duction and the Infomax algorithm, to estimate the number of 
components in each subject’s dataset. Twenty IC maps were iden-
tified based on the similarity between localized spatial connectiv-
ity patterns and commonly reported resting-state networks in 
cortical regions (22). Default mode network (DMN) and AN 
were selected from 20 sets of IC maps in each group for further 
analysis. The z-score for every voxel was estimated by normaliz-
ing each voxel’s intensity with respect to intensity of all the voxels 
in the independent component. We used the term “FC” to refer 
to the intensity (z-score) of the resting-state network signal.

The regions of interest (ROIs) were defined on the average 
DMN and AN maps calculated using all subjects. The DMN 
ROIs were located at the posterior cingulate/precuneus cortices 
(PCC), right/left inferior parietal cortex (rIPC, lIPC), and medial 
prefrontal/anterior cingulate cortices (mPFC). Components of 
the mean DMN for all subjects were extracted from the ROI. The 
AN ROIs were located at the encompassed right/left superior 
temporal gyrus and insula (rAC, lAC). Components of the mean 
AN for all subjects were extracted. Mean z-scores of FC for each 
component of the DMN and the AN were extracted from the in-
dividual FC maps using ROIs from previous processing.

Statistical Analysis

One-way analysis of variance (ANOVA) was used to assess 
between-group differences in clinical information, followed by 
post-hoc analysis of only those variables which showed signifi-
cant heterogeneity across groups. The Kruskal-Wallis test was 
used for analysis of non-parametric data. p-values less than 0.05 
were considered statistically significant. 

ANOVA and the post hoc test were also used to assess be-
tween-group differences in FC of the DMN and the AN in each 
ROI. z-scores of rAC and lAC were compared using a paired t-
test to assess the lateralization of auditory cortices within each 
group. p-values less than 0.05 were considered statistically sig-
nificant.

The AN and DMN maps were compared between groups on 
a voxel-wise basis with the one-way ANCOVA in SPM8 after ad-
justing for subject age and sex. Statistical inferences were made 
with a voxel-level threshold of p < 0.01 after family-wise error 
correction for multiple comparisons and a 10-voxel clustering 
threshold.
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RESULTS

Clinical Data Comparison

There were no significant differences in demographics between 
the control group and the tinnitus groups. In addition, there 
were no significant differences in BDI, tinnitus pitch matching, 
duration of tinnitus, THI, or basic demographics among the 
three tinnitus groups (Table 1).

Auditory Network

There were significant differences between groups on com-
paring ROI analysis results for the auditory cortices. z-scores 
for the rAC in the Rt-/Lt-T groups (1.97 ± 0.31, 1.72 ± 0.36, re-
spectively) were significantly higher than those in the control 
and Bil-T groups (1.42 ± 0.29, 1.37 ± 0.32, respectively). Analy-

sis of z-scores for the lAC showed a difference only between the 
Rt-T and control groups (1.35 ± 0.21 vs. 1.65 ± 0.23) (Table 2, 
Fig. 1A). Lateralization of the auditory cortex was assessed by 
comparing the rAC and lAC, and the Rt-/Lt-T groups had sig-
nificantly higher z-scores in the rAC than in the lAC, while the 
control and Bil-T groups had significantly higher z-scores in 
the lAC than in the rAC (Table 2, Fig. 1B).

Abbreviations of brain parcellation are summarized in Table 3. 
The result of voxel-based analysis showed that the Rt-T group 
had common clusters with higher FC in the right middle tem-
poral gyrus (MTG), MTG temporal pole, and precentral gyrus 
(PRECG) compared to the other three groups. In addition to 
these common clusters, the Rt-T group had clusters with higher 
FC in the right hippocampus, superior frontal gyrus (SFG), infe-
rior frontal gyrus, orbital, and left MTG compared to the Bil-T 

Table 1. Information of Dermographics and Otologic Examination
Groups Rt-T (19) Lt-T (22) Bil-T (22) Control (20)

Age 51.05 (± 8.46) 51.27 (± 6.08) 54.14 (± 5.47) 50.95 (± 4.30)
Sex, males 6 6 11 11
BDI 12.61 (± 11.19) 14.05 (± 12.79) 10.59 (± 8.95)
THI 59.16 (± 18.20) 68.00 (± 14.85) 66.09 (± 18.43)
Duration, months 33.79 (6–120) 53.14 (6–276) 33.68 (6–96)
Hypertension 4 5 2 2
Type (PT:NBN) 13:6 17:5 20:2
Normal hearing 0 2 1 20
Tinnitus pitch matching, Hz 750–12500 125–10000 125–8000

BDI = Beck Depression Inventory, Bil-T = bilateral tinnitus, Lt-T = left-sided tinnitus, NBN = narrow band noise, PT = pure tone noise, Rt-T = right-sided 
tinnitus, THI = Tinnitus Handicap Inventory

Table 2. ROI Measurement of Z-Score from Common Clusters in AN and DMN
Auditory Network

rAC Different From lAC Different From t-test for rAC vs. lAC
Rt-T 1.97 (± 0.31) Bil-T, control 1.35 (± 0.21) Bil-T, control p < 0.01
Lt-T 1.72 (± 0.36) Bil-T, control 1.42 (± 0.24) Control p < 0.01
Bil-T 1.37 (± 0.32) Rt-/Lt-T 1.57 (± 0.36) Rt-T p < 0.01
Control 1.42 (± 0.29) Rt-/Lt-T 1.65 (± 0.23) Rt-/Lt-T p < 0.01
F-ratio 18.49 5.51

Default Mode Network
PCC Different From mPFC Different From rIPC Different From lIPC Different From

Rt-T 1.78 (± 0.31) Lt-/Bil-T, Con 1.52 (± 0.40) Lt-/Bil-T, Con 1.96 (± 0.36) Lt-/Bil-T, Con 1.11 (± 0.32) None
Lt-T 2.05 (± 0.24) Rt-T 1.05 (± 0.30) Rt-T 1.78 (± 0.39) Rt-T 1.18 (± 0.37) None
Bil-T 2.13 (± 02.0) Rt-T 0.90 (± 0.28) Rt-T 1.77 (± 0.32) Rt-T 1.23 (± 0.24) None
Control 2.08 (± 0.29) Rt-T 1.02 (± 0.32) Rt-T 1.44 (± 0.26) Rt-T 1.23 (± 0.28) None
F-ratio 7.08 14.02 8.14 0.70

AN = auditory network, Bil-T = bilateral tinnitus, DMN = default mode network, lAC = left superior temporal gyrus and insula, lIPC = left inferior parietal 
cortex, Lt-T = left-sided tinnitus, mPFC = medial prefrontal/anterior cingulate cortices, PCC = posterior cingulate/precuneus cortices, rAC = right superior 
temporal gyrus and insula, rIPC = right inferior parietal cortex, ROI = region of interest, Rt-T = right-sided tinnitus
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and Lt-T groups. The Bil-T group had multiple higher clusters 
in the left hemisphere, including middle frontal gyrus (MFG), 
PRECG, supramarginal gyrus (SMG), inferior parietal gyrus (Fig. 

2, Table 4), compared with the Rt-T group.

Fig. 1. Bar graph comparing functional connectivity between tinnitus groups.
A. Bar graph comparing connectivity of auditory cortices in the auditory network according to laterality of tinnitus. Connectivity of rAC in the 
monolateral tinnitus groups is significantly higher than that in the normal control and bilateral tinnitus groups. Connectivity of lAC is higher in 
the normal control and Bil-T groups than in the monolateral tinnitus groups.
B. Bar graph showing asymmetric dominance of AN in each group. The two monolateral tinnitus groups show right dominance in FC of the AN, 
while the bilateral tinnitus and control groups show left dominance.
C. Bar graph comparing the connectivity of major clusters in the default mode network according to laterality of tinnitus. The Rt-T group shows 
significantly different FCs in the PCC and mPFC compared with the other three groups. All three tinnitus groups have higher connectivity in rIPC 
than the normal controls.
AN = auditory network, Bil-T = bilateral tinnitus, CN_R_L_B = control, right tinnitus, left tinnitus, bilateral tinnitus, FC = functional connectivity, 
lAC = left superior temporal gyrus and insula, lIPC = left inferior parietal cortex, Lt-T = left-sided tinnitus, mPFC = medial prefrontal/anterior cin-
gulate cortices, PCC = posterior cingulate/precuneus cortices, rAC = right superior temporal gyrus and insula, rIPC = right inferior parietal cortex, 
Rt-T = right-sided tinnitus
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Default Mode Network

The ROI analysis showed significant differences in FC of the 
DMN among the four groups. The post hoc test showed that FC 
of the PCC in the Rt-T group was significantly lower than that 
in the other three groups, and FC of the mPFC in the Rt-T group 
was significantly higher than that in the other 3 groups. rIPC 
values in the three tinnitus groups were significantly higher than 
that in the control group. Analysis of lIPC did not show any dif-
ference between groups (Table 2, Fig. 1C).

In the voxel-based comparison of DMN maps, the Rt-T group 
had three regions of higher FC compared to the control group. 
Clusters with higher FC in the Rt-T group were located in the Rt 
SFG and Rt MFG, and the Rt MTGP and middle occipital gyrus. 
The Rt-T group also had higher FC clusters in the Rt medial su-
perior frontal gyrus (SFGM) than the Bil-T group. The Rt-T 
group had lower FC in the Lt MFG than the Lt-T group (Fig. 3, 
Table 4).

DISCUSSION

The objective of the current study was to investigate FC differ-
ences according to laterality of tinnitus. ROI analysis of FC re-
vealed that the two monolateral tinnitus groups had right domi-
nance of the AN, whereas the control and Bil-T groups had left 

dominance. A voxel-based group comparison of tinnitus groups 
showed significantly different activation in the AN and the 
DMN between groups. These are novel findings which illustrate 
how the FC of resting-state in tinnitus differs according to tinni-
tus laterality.

Extra-Auditory FC in the Auditory Network of Tinnitus

Several previous studies analyzed the difference in rs-fMRI 
among tinnitus patients compared to normal control groups, 
but most of the studies did not consider lateralization. These 
studies reported that increased FC caused by tinnitus occurred 
in multiple extra-auditory regions that were not identified in 
the AN of the normal cohort. Kim et al. (7) observed increased 
FC predominantly in the left amygdala and in the mPFC of the 
tinnitus patients. Maudoux et al. (6) found that the AN in the 
tinnitus group was comprised of multiple extra-auditory regions, 
in addition to auditory cortices encompassing all of the previ-
ously mentioned areas such as bilateral superior temporal gy-
rus, SMG, and medial postcentral gyrus. These findings suggest 
that tinnitus is associated with modified cortical and subcorti-
cal FC (6), which is supported by a previous graphical connec-
tivity analysis of FC (11). However, after correcting for multiple 
statistical comparisons in the analysis, this modification was no 
longer observed (8). In the voxel-wise comparison in this study, 
only the Rt-T group showed clusters with increased FC of the AN 
compared to the normal controls. In the Rt-T group, the right 
MTG and temporopolar area had increased FC, which is not 
consistent with previous reports of extra-auditory clusters. This 
inconsistency between studies could be due to differences in 
analysis methods, unrevealed variables, or heterogeneity in co-
horts. Previous functional neuroimaging studies have suggested 
that the MTG is involved in several cognitive processes includ-
ing language and semantic memory processing (23, 24). The 
temporopolar area, along with its connections to the hippocam-
pus and amygdala, is considered a paralimbic region. Previous 
tinnitus studies have reported changes in the relationship be-
tween the limbic system and the auditory cortex.

Interestingly, in the present study, the FC of the AN differed 
significantly according to the tinnitus group. This suggests that 
modification of FC in the AN could differ according to the later-
ality of tinnitus. Thus, the laterality of tinnitus may have affected 
the results of previous studies, resulting in discordance between 

Table 3. Abbreviations of Cortical Parcellation
Automatic Anatomical Labeling Abbreviation

Frontal lobe
Superior frontal gyrus SFG
Prefrontal/anterior cingulate gyrus, superior mPFC
Superior frontal gyrus, medial SFGM
Middle frontal gyrus MFG
Inferior frontal gyrus, triangular IFGT
Inferior frontal gyrus, orbital IFGO
Precentral gyrus PRECG

Parietal lobe
Postcentral gyrus POSTCG
Inferior parietal gyrus IPG
Supramarginal gyrus SMG
Precuneus/posterior cingulate gyrus PCC

Occipital lobe
Middle occipital gyrus MOG

Temporal lobe
Superior temporal gyrus, temporal pole STGP
Middle temporal gyrus MTG
Middle temporal gyrus, temporal pole MTGP
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the present study and past research. Therefore, future studies 
should control for lateralization of tinnitus.

Asymmetric Lateralization in an Auditory Network

Although many studies have used task-based fMRI or other 
modalities, it is uncertain whether lateralized tinnitus is related 

Fig. 2. Between-group functional connectivity comparison in the AN.
A. Comparison of the Rt-T group vs. control group. Clusters in red signify higher FC in the Rt-T group than in the control group.
B. Comparison of the Rt-T group vs. the Lt-T group. Clusters in red signify higher FC in the Rt-T group than in the Lt-T group.
C. Comparison of the Rt-T group vs. the Bil-T group. Clusters in red signify higher FC in the Rt-T group than in the Bil-T group, and clusters in 
blue signify higher FC in the Bil-T group than in the Rt-T group.
AN = auditory network, Bil-T = bilateral tinnitus, FC = functional connectivity, Lt-T = left-sided tinnitus, Rt-T = right-sided tinnitus
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Table 4. Voxel-Wised Analysis Results
AN

Contrast Cluster Size t-Value z-Score
MNI

Automated Anatomical Labeling Brodmann Area
x (mm) y (mm) z (mm)

Rt-T > control 1636 9.443 7.699 54 2 -20 Temporal_Mid_R 21
8.311 7.024 50 -42 0 Temporal_Mid_R 20
7.768 6.675 46 14 -36 Temporal_pole_Mid_R 20

264 7.962 6.802 38 -20 54 Precentral_R 4
62 7.151 6.260 44 6 46 Precentral_R 6

5.953 5.394 44 -68 -2 Temporal_Mid_R 37
Rt-T > Bil-T 3639 12.969 > 8 56 2 -22 Temporal_Mid_R 21

11.014 > 8 56 -4 -10 Temporal_Sup_R 22
10.768 > 8 52 -40 -2 Temporal_Mid_R 21

154 8.067 6.869 28 -34 2 Hippocampus_R 37
469 7.977 6.811 38 -20 54 Precentral_R 4

7.469 6.477 30 -14 60 Frontal_Sup_R 6
6.964 6.131 52 -16 46 Precentral_R 3

398 7.758 6.669 34 36 -18 Frontal_Inf_Orb_R 47
7.479 6.483 40 30 -14 Frontal_Inf_Orb_R 47
6.963 6.130 44 38 -12 Frontal_Inf_Orb_R 11

35 6.877 6.070 44 6 46 Precentral_R 6
41 6.796 6.012 14 44 36 Frontal_Sup_R 9

6.093 5.500 16 36 44 Frontal_Sup_R 9
31 6.259 5.623 -58 0 -16 Temporal_Mid_L 21

Rt-T < Bil-T 74 7.463 6.473 -32 2 52 Frontal_Mid_L 6
43 7.275 6.345 -8 -74 44 Precuneus_L 7

211 7.270 6.342 -62 -24 26 SupraMarginal_L 48
7.023 6.172 -62 -32 30 SupraMarginal_L 40
6.579 5.857 -58 -32 38 SupraMarginal_L 41

107 7.226 6.312 -38 48 18 Frontal_Mid_L 45
218 7.004 6.159 -42 34 24 Frontal_Inf_Tri_L 45

6.933 6.109 -34 44 40 Middle Frontal Gyrus 9
6.605 5.876 -44 38 34 Frontal_Mid_L 46

66 6.950 6.121 -28 -74 36 Occipital_Mid_L 19
39 6.929 6.106 -26 14 60 Frontal_Mid_L 8

238 6.820 6.029 -34 -52 50 Parietal_Inf_L 40
6.800 6.015 -48 -44 44 Parietal_Inf_L 40
6.332 5.677 -38 -48 44 Parietal_Inf_L 40

Lt-T < Bil-T 37 7.182 6.282 -6 8 14 Caudate 0
Rt-T > Lt-T 3122 12.219 > 8 54 4 -20 Temporal_Mid_R 21

10.327 > 8 50 12 -24 Temporal_Pole_Mid_R 38
10.241 > 8 52 -42 0 Temporal_Mid_R 21

186 7.239 6.321 -54 2 -18 Temporal_Mid_L 21
6.417 5.740 -46 18 -26 Temporal_Pole_Sup_L 38
6.203 5.581 -48 8 -22 Temporal_Pole_Sup_L 38

58 6.941 6.114 26 -34 4 Hippocampus_R 37
86 6.533 5.824 46 30 -8 Frontal_Inf_Orb_R 47

6.511 5.808 40 32 -14 Frontal_Inf_Orb_R 47
6.273 5.633 44 38 -10 Frontal_Inf_Orb_R 48

46 6.498 5.798 -58 -52 10 Temporal_Mid_L 22
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to changes in neural activity on the ipsilateral or contralateral 
side. A previous study with task-based fMRI demonstrated that 
fMRI activation was lateralized towards the side of perceived 
tinnitus in the primary AC and IC in patients with Rt-T and in 
the medial geniculate body (MGB) in patients with Lt-T (16). 
PET studies showed that left-sided metabolic activation of the 
primary auditory cortex was observed in tinnitus patients irre-
spective of tinnitus laterality (17, 25). The present study showed 
over-connectivity in the right auditory and periauditory cortices 
in monolateral tinnitus, regardless of laterality. This finding im-

plies that the right temporal gyrus may play a more critical role 
than the left temporal gyrus in creating tinnitus noise or in the 
perception of tinnitus. A previous PET study tested asymmetry 
in the auditory cortex in tinnitus patients and observed asym-
metric metabolic activity in the tinnitus groups compared to 
the controls (20). The authors of that study observed left hyper-
activity in the control group and right-dominant activity in tin-
nitus patients, which are similar to the findings presented here.

On comparison of the auditory cortex, the Rt-T group showed 
over-connectivity in the right frontal cortex (precentral, inferior 

Table 4. Voxel-Wised Analysis Results (Continued)
DMN

Contrast Cluster Size t-Value z-Score
MNI

Automated Anatomical Labeling Brodmann Area
x (mm) y (mm) z (mm)

Control < Rt-T 140 6.710 5.951 16 50 42 Frontal_Sup_R 9
6.445 5.760 20 32 54 Frontal_Sup_R 8
6.402 5.728 16 44 48 Frontal_Sup_R 9

35 6.699 5.943 42 26 46 Frontal_Mid_R 8
31 6.240 5.609 50 8 -34 Temporal_Pole_Mid_R 21

Rt-T > Bil-T 31 6.222 5.596 14 50 40 Frontal_Sup_Medial_R 9
Rt-T < Lt-T 180 7.087 6.216 -48 40 30 Frontal_Mid_L 45

6.656 5.912 -48 42 18 Frontal_Mid_L 46

AN = auditory network, Bil-T = bilateral tinnitus, DMN = default mode network, Lt-T = left-sided tinnitus, Rt-T = right-sided tinnitus

Fig. 3. Between-group functional connectivity comparison in the DMN.
A. Comparison of the Rt-T group vs. control group. Clusters in red signify higher FC in the Rt-T group than in the control group.
B. Comparison of the Rt-T group vs. Lt-T group. Clusters in blue signify higher FC in the Lt-T group than in the Rt-T group.
C. Comparison of the Rt-T group vs. the Bil-T group. Clusters in red signify higher FC in the Rt-T group than in the Bil-T group.
Bil-T = bilateral tinnitus, DMN = default mode network, FC = functional connectivity, Lt-T = left-sided tinnitus, Rt-T = right-sided tinnitus

A

R L

B

R L
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orbitofrontal, SFG) compared to normal controls and other tin-
nitus groups. Abnormalities in the frontal cortex which could 
account for tinnitus have been identified in a previous neuro-
imaging study (26). The frontal cortex is hypothesized to play 
an important role in compensation, and psychological symp-
tom in tinnitus. Different connectivities of the AN in the frontal 
cortex according to the location of tinnitus indicates that differ-
ent localization of tinnitus perception may account for the dif-
ference in connectivity among collaborating regions of the audi-
tory cortex in the frontal cortex.

Default Mode Networks in Tinnitus

Several recent rs-fMRI studies using the seeding method have 
found alterations in networks associated with emotion and at-
tention, indicating dependence on tinnitus symptoms. Schmidt 
et al. (13) found that a change in FC in the limbic system in tin-
nitus may result in alteration of other resting FCs such as those 
in the DMN or the dorsal attention network. Another research-
er hypothesized that tinnitus causes changes in the organization 
of sensory networks and interferes with the networks of atten-
tion (9). However, there are significantly fewer studies about 
tinnitus and non-auditory neural networks compared to studies 
that focused on tinnitus and AN. In the present study, only the 
Rt-T group had several clusters with increased FC, which were 
found in the right SFG and MFG; several clusters had different 
FCs between the Rt-T and Lt-/Bil-T groups. These results imply 
that chronic tinnitus may be related to aberrant functioning of 
the DMN, and that differences in the laterality of tinnitus may 
be related to non-ANs. Future research should explore why the 
Rt-T group primarily showed changes in the AN and the DMN.

Study Limitations

There were some limitations to this work. First, this study was 
limited by the fact that rs-fMRI was compared between tinnitus 
patients with hearing loss and a control group without hearing 
loss. Further research that includes a control group with hearing 
loss is required to improve our understanding. Second, the im-
aging protocol may have also affected the results. Finally, this 
auditory fMRI study was limited by the presence of MR scanner 
noise.

Conclusions

This study found alterations in the auditory and default mode 
functional networks in tinnitus subjects at rest, and these chang-
es appeared to be related to laterality. Therefore, laterality should 
be considered when analyzing rs-fMRI in tinnitus subjects. We 
observed significant changes in the auditory cortex according to 
laterality of tinnitus. This information may help clarify the neural 
mechanism of tinnitus and improve localized treatment. Unfor-
tunately, not all of the results reported in this study are statistical-
ly significant. This is likely to be due to the heterogeneity in the 
patient group, which is the primary limitation of this study.
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이명 환자에서 기능적 회로의 변화와 편측성과의 연관성

송은지1 · 류창우2* · 장건호2 · 박문서3 · 변재용3 · 박순찬2 · 김의종1 · 최우석1

목적: 휴지상태 기능적 자기공명영상(funtional MRI; 이하 fMRI)을 이용하여 이명의 편측성에 따른 휴지상태 네트워크의 

차이에 대해 분석하고자 하였다.

대상과 방법: 총 83명의 대상군[19명의 우측 이명 환자(right-sided tinnitus; 이하 Rt-T), 22명의 좌측 이명 환자(left-

sided tinnitus; 이하 Lt-T), 22명의 양측 이명 환자(bilateral tinnitus; 이하 Bil-T), 20명의 건강한 대조군]은 휴지상태 

혈중 산소 농도 의존 신호 fMRI를 시행받았다. 독립 변수 분석은 청각 네트워크(auditory network; 이하 AN)와 내정상태 

네트워크(default mode network; 이하 DMN)에서의 기능적 회로를 알기 위해 사용되었다. 각 집단 간의 비교시에는 

ANOVA 방법을 사용하였다. 또한 청각 피질의 편측성은 각 집단별로 관심영역(region of interest; 이하 ROI)을 사용하여 

평가하였다.

결과: 이명 집단 간에는 AN과 DMN에서 다른 기능적 연결성을 보여 주었다. Rt-T 집단은 다른 집단들과 비교하여 우측 

중간측두이랑과 측두엽극 영역에 기능적 회로가 높은 군집을 이루었다. ROI 분석은 Rt-/Lt-T 집단들은 우측 청각 피질

에 지배 기능적 회로를 보였고 Bil-T 집단과 대조군은 좌측 지배 청각 회로를 보였다.

결론: 본 연구는 만성적 이명이 청각피질에 벗어난 편측성과 연관성이 있다고 제안한다. 이는 이명 환자의 네트워크 변화

를 이해하는 데에 있어 도움을 줄 수 있을 것으로 보인다.
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