
Investigation of the Network Made with the Complementary 
Motor of the Thalamus with the DTI Method in Individuals 
with Tinnitus

Tinnitus is the hearing of sounds that can also be de-
scribed as buzzing in the ears of patients without any real 

sound stimulus. These noises sometimes cause such serious 
problems that sometimes they may even be suicidal in order 
to get rid of these voices. In cases of chronic bilateral tinni-
tus, the patient hears an unreal sound. This situation disturbs 
the patient very much and the patient's condition becomes 
a health problem and seeks treatment-solutions. 

Most of these patients continue their lives. However, if the 
patient does dangerous work while working at work, tin-
nitus; Concentration disorder can cause sleep disturbance 
and cause serious accidents. In addition, if the person works 
in a place with a voice warning system, he may not be able 
to react to it. Derived from the Latin word “tinniere” mean-
ing bell, tinnitus is hearing a sound that is not in the envi-
ronment.[1] Since the sound does not come from outside, it 

Objectives: This study aimed to investigate the differences in the networks between the thalamus and the supplemen-
tary motor area in brain MRI examinations of individuals with subjective chronic tinnitus and healthy control groups.
Methods: In the study, brain MRI imaging was performed on 47 patients suffering from bilateral tinnitus for two years 
or more and 42 healthy individuals. The tensor information obtained using the diffusion tensor imaging sequence data 
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Results: In the tinnitus group, there is an increase in the pathways between the thalamus and the supplementary mo-
tor area. In addition, it was determined that the pathways of the thalamus with the hippocampus, superior and middle 
occipital area and frontal area increased, and the pathways with the hippocampus and cerebellum decreased.
Conclusion: Important functions of the supplementary motor area and thalamus; These are cognitive actions in which 
attention plays an important role, such as noticing the stimulus from the environment, planning and implementing the 
response action. It is thought that changes in the pathways between the thalamus and the supplementary motor area 
will especially affect attention-related functions.
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occurs inside the patient's head and the patient hears the 
sound involuntarily.[2] Although it is seen at a rate of 4.6% 
to 30% in the society, there are similar rates in all societies.[3] 

Tinnitus causes significant emotional and cognitive prob-
lems in people. Although the percentage of incidence var-
ies according to each age group, it shows symptoms such 
as depression, insomnia and irritability in adults.[4, 5] It was 
determined that the severity of depression increased and 
the quality of life deteriorated depending on the sever-
ity of tinnitus, and even in a study conducted by Crumber 
RW and Hassan GA, it was stated that 71% of patients with 
tinnitus were also depressed and some of these patients 
thought of suicide.[6] Although it has been reported that 
tinnitus may rarely cause suicide, it has been observed that 
those who committed suicide were older men and had 
high psychiatric comorbidity.[7] 

Tinnitus may be due to factors such as acoustic trauma, 
head and neck injuries, temporamandibular joint inflam-
mation, and Meniere's disease. The patient's occupation 
is associated with tinnitus. Tinnitus is more common in 
professions exposed to noise, especially musicians and sol-
diers. Musicians are in the highest risk group because they 
are constantly exposed to loud noise in the form of trauma, 
and soldiers are in the highest risk group.[8] 

Tinnitus is divided into objective and subjective. Objective 
tinnitus, the sound heard by the patient may be heard by 
another person, different from the patient. Its incidence is 
about 1% among tinnitus patients and the sound can be 
heard by the physician with the help of a stethoscope. The 
cause of objective tinnitus may be cerebrovascular struc-
tural disorders, middle ear and eardrum structural defor-
mations, brain surgeries or head traumas.[9]

In subjective tinnitus, only the patient hears the sound. The 
condition that causes tinnitus can occur anywhere from 
the external ear canal to the auditory center.[10] 

Subjective tinnitus can be caused by many diseases, con-
ditions or drugs such as acoustic trauma, sudden hearing 
loss, Meniere's disease, head trauma, multiple sclerosis, hy-
perthyroidism, hypothyroidism, diabetes, chemotherapy, 
antibiotics, depression, pregnancy, diuretics.[11]

EPIDEMIOLOGY OF TINNITUS
According to the American Tinnitus Association, an esti-
mated 50 million people in the United States have chronic 
tinnitus that persists for more than six months.[12] It is severe 
enough to interfere with daily activities for 12 million people. 
These people are effectively isolated from society to varying 
degrees due to their tinnitus. Tinnitus can occur in children[13] 
and increases with age.[14, 15] Tinnitus is more common in 
males than females and is more likely to occur in smokers.[12]

THE RELATIONSHIP BETWEEN TINNITUS AND 
ATTENTION
Attention can also be defined as the orientation of percep-
tion to one or more stimuli.[16] Scientific knowledge about 
attention is based on neuropsychological and electroneu-
rophysiological testing, neuroimaging studies, and animal 
experiments. Regarding intelligence, the frontal eye areas, 
posterior parietal cortex, and cingulate cortex areas have 
been associated. In a disorder that occurs in one of these 
parts or in the neural connections between each other, a 
syndrome called neglect syndrome occurs in which the 
patient ignores half of his body and acts accordingly.[11, 17] 
In a study by Tegg-Quinn et al., it was stated that the con-
trol of attention management and cognitive skills such as 
understanding, learning skills and reasoning ability under 
the name of intelligence were impaired in patients with tin-
nitus.[18]

THALAMUS 
The thalamus is the region in the center of the brain that 
contains nerve fibers that extend in all directions to the 
cerebral cortex. The thalamus, which occupies a small 
place in the central nervous system, is of great importance 
in terms of anatomy and functionality, inversely propor-
tional to its size. Except for the nerve impulses related 
to smell, all sensory nerve impulses first go to the thala-
mus and then to the cerebral cortex. It not only transmits 
nerve messages to the cortex, but also plays an important 
role in the processing of messages. The thalamus has a 
great role in being aware of the events occurring in the 
environment, being alert to these events, processing and 
regulating the functions related to attention and acting in 
response (Fig. 1).[19]

SUPPLEMENTARY MOTOR CORTEX (SMA) 
Although its function is not known exactly, it is thought 
that it has an important effect between cognition and ac-
tion in the acquisition of motor skills by making and apply-
ing the action plan, when to do which movement, when 
it is in front of the primary motor cortex.[20] Studies have 
shown that the complementary motor and premotor cocci 
interact strongly with areas in the precentral, supramar-
ginal and superior frontal gyrus, rolandic operculum, thala-
mus, putamen, and cerebellum.[21] Studies indicate that the 
complementary motor cortex has an important role in cog-
nitive areas such as actuation, time and spatial processing, 
numerical cognition, music and language processing, and 
working memory (Fig. 2).[22]

Studies on the connection between tinnitus and hearing 
loss take the first place in the literature search. In a study 
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by Xu et al., it was found that sensorineural hearing loss 
with tinnitus is related to dysfunctions inside and outside 
the classical auditory network in the brain, and that the 
left anterior insula, right precentral gyrus and superior 
frontal gyrus, and dorsal anterior cingulate cortex and 
middle frontal gyrus, superior parietal gyrus, and comple-
mentary They found that the connections between the 
motor area decreased. They conducted their studies on 32 
individuals with tinnitus and 30 healthy individuals with 
audiological testing, fMRI scanning and neuropsychologi-
cal tests.[23] 

In a study by Vanneste and De Ridder in 2012, quantita-
tive electroencephalography (qEEG) method showed that 
areas such as anterior cingulate cortex, auditory cortex 
(primary and secondary), dorsal lateral prefrontal cortex, 
insula, complementary motor cortex, orbitofrontal cortex 
(inferior frontal cortex) of tinnitus patients work together. 
They proposed that any secondary network of areas not re-
lated to the auditory pathway, such as the parahippocam-
pus, posterior cingulate cortex, and precuneus, can explain 
the tinnitus mechanism.[24] 

In a study by Anna et al., it was clearly stated that studies in 
this area were insufficient. In the same study, audiological 
test and anxiety questionnaire were applied to the patient 
and control groups, and Magnetic Resonance Imaging 
method was applied to the study group. or tinnitus distress 
measurements. The field of attention and perception man-

agement was not mentioned. This study was conducted 
with 28 left-handed tinnitus patients and 12 healthy indi-
viduals.[25] 

In a different study by Qien Chen et al., emphasizing that 
there is little research on the subject, tinnitus and hear-
ing loss were studied with similar techniques.[26] The same 
study was conducted with 20 right-handed tinnitus pa-
tients and 22 healthy individuals. 

In a different study conducted by Vanneste et al. in 2011, 
10 patients with chronic tinnitus and 8 patients with new 
tinnitus disease examined the changes in their neural net-
works by using eeg and fMRI and phantom sound, respec-
tively, by making more than one examination within a cer-
tain period of time.[27] 

The resting state fMRI method was used between 31 pa-
tients with both tinnitus and hearing loss and 33 healthy 
individuals in Lee et al.'s study conducted in 2007, which is 
seen as a pilot study in tinnitus studies.[28] 

Zhang et al. examined the thalamic connections of 31 pa-
tients with chronic tinnitus and 33 healthy individuals us-
ing the resting state fMRI method.[29] 

It has been determined that similar numbers of patients 
and hearing loss have been studied in the researched stud-
ies.[28, 30-32]

The aim of this study is to analyze the pathway made by 
the thalamus with the complementary motor of individuals 
with tinnitus by using the DTI neuroimaging method and 
to try to reveal what kind of changes, if any, can be reflect-
ed in the daily life of the individual with tinnitus.

Figure 1. Brain MRI Thalamus in the Sagittal Plane.

Figure 2. Brain MRI Supplementary Motor Cortex in the Sagittal Plane.
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Methods
This study was discussed by Acıbadem Mehmet Ali Aydınlar 
University Medical Research Evaluation Commission 
(ATADEK) at the 2022/11 ATADEK meeting on 24 June 2022 
and it was found to be medically ethical with the decision 
number 2022-11/50. 

This thesis study was carried out with brain MRI data of pa-
tients with tinnitus complaints for two years or more and 
without hearing loss and healthy individuals. 47 cases with 
bilateral tinnitus and 42 healthy individuals were included 
in the study. The number of female participants in the pa-
tient group was 22, and the number of male participants 
was 25. In healthy individuals in the control group, the 
number of female participants was 28 and the number 
of male participants was 14. The mean age of the patient 
group was 38.78, the mean age of the female patient was 
32.86, and the mean age of the male patient was 44. The 
mean age of the healthy individuals in the control group 
was 46.07, the mean age of the female healthy participant 
was 53, and the mean age of the male healthy participant 
was 43. The percentage of female patients in the patient 
group was 46.8%, and the percentage of female patients 
in the entire study was 24.72%. The percentage of male 
patients in the patient group was 53.2%, and the percent-
age of male patients in the entire study was 28.08%. The 
percentage of healthy female participants in the control 
group was 33.33%, and the percentage of healthy female 
participants in the entire study was 15.74%. The percent-
age of healthy male participants in the control group was 
66.67%, and the percentage of healthy male participants in 
the whole study was 31.46%. The age distribution table of 
the patient and control groups is given in Table 1.

MR imaging procedures of patients in the patient and 
control groups were performed at the Radiology Depart-
ment of Acıbadem Taksim Hospital with a 3T (Magnetom, 
Siemens, Erlangen, Germany) device with 64-channel brain 
coil. In addition to routine whole brain MRI, single shot dif-
fusion weighted EPI sequence with b value of 1000 mm/s² 

was applied. Sequences were arranged parallel to the cor-
pus colossus in the axial plane from craniocervical to vertex 
and diffusion tensor images were obtained. Display param-
eters for DTI; TR=10700 ms, TE=116 ms, Section Thickness= 
2 mm, Number of Sections=70, FOV=250 mm. Fat suppres-
sion was performed using IR. Diffusion tensor images were 
obtained (Fig. 3).

The resulting DTI images were processed in three steps 
using the DSI Studio (http://dsi-studio.labsolver.org) 
program. In the first step, image reconstruction was per-
formed. Generalized q-sampling imaging (GQI) was used 
to perform this reconstruction. Second, corrections were 
made for distortion, motion artifacts, and b-matrix redirec-
tion. For network reconstruction, identified regions of the 
cerebrum were selected from the automated anatomical 
labeling (AAL) atlas. Edge identification was performed 
with the connection probability between each pair of 
nodes in the network. When the analysis was performed, 
diffusion indices and mean values were obtained accord-
ing to the selected regions. The data were saved as an excel 
file (Table 2).

All connections between the selected regions were ana-
lyzed with the “DSI Studio” program. The data was saved 
as an excel file. The Excel file creates a database of visual 
information in the whole brain connectogram circular 
map. 

Circular diagrams containing the connection and structure 
information of the connectograms were obtained by using 
the freely available “Circos” software (Fig. 4).

In this study, the data in the excel table obtained for two in-
dependent groups, the patient and the control, were tested 

Figure 3. Axial Diffusion Image.

Table 1. Age distribution of the patient and control groups

Age Range	 Number of	 Number of 
		  Patient Group	 Control Group

≤18	 0	 1
19-29	 10	 2
30-39	 18	 12
40-49	 9	 9
50-59	 9	 8
60-69	 1	 9
70≤	 0	 1
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Table 2. Analysis of Thalamus Connection

	 THALAMUS	 Tinnitus Avg+SD/Med. (Min.- Maks.)	 Control Avg+SD/Med. (Min.- Maks.)	 P

1	 Thalamus_L_Precentral_L	 269884,07±301742,48/194401 (0-980256)	 0,56±1,96/0,09 (0-13)	 <0,001
2	 Thalamus_L_Precentral_R	 98936,62±159807,91/5541,5 (0-581482)	 4125,32±27359,17/0,04 (0-181481)	 <0,001
3	 Thalamus_L_Frontal_Sup_L	 253890,91±192257,72/265807 (0,29-961404)	 93758,1±182104,73/0,74 (0-920635)	 <0,001
4	 Thalamus_L_Frontal_Sup_R	 121192,23±190494,09/66,5 (0,11-829412)	 13226,02±50955,12/0,25 (0-294737)	 <0,001
5	 Thalamus_L_Frontal_Sup_Orb_L	 332643,19±281599,44/277150,5 (0,86-976667)	 146380,52±181940,93/40962,5 (0,11-627778)	 <0,001
6	 Thalamus_L_Frontal_Mid_L	 261690,86±282985,29/162037 (0,17-958824)	 43741,29±116615,25/0,4 (0-551667)	 <0,001
7	 Thalamus_L_Frontal_Mid_R	 48891,45±113649,2/0,37 (0-598485)	 7790,14±36105,7/0,09 (0-174242)	 <0,001
8	 Thalamus_L_Frontal_Mid_Orb_L	 194811,33±232091,76/136214 (0,22-863333)	 52052,88±137489,79/0,42 (0-715873)	 <0,001
9	 Thalamus_L_Frontal_Inf_Oper_L	 161363,36±299268,68/0,64 (0-971429)	 2392,39±15868,99/0 (0-105263)	 <0,001
10	 Thalamus_L_Frontal_Inf_Oper_R	 30817,55±74126,23/0,22 (0-265217)	 0,45±1,94/0 (0-11)	 <0,001
11	 Thalamus_L_Frontal_Inf_Tri_L	 238492,42±229227,62/166623 (0-824444)	 11955,59±47828,29/0,13 (0-264912)	 <0,001
12	 Thalamus_L_Frontal_Inf_Orb_L	 288099,21±292256,56/215438,5 (0,09-916667)	 21814,11±61343,49/0,41 (0-271429)	 <0,001
13	 Thalamus_L_Rolandic_Oper_L	 58702,58±191551,69/0,05 (0-742222)	 0,03±0,15/0 (0-1)	 <0,001
14	 Thalamus_L_Supp_Motor_Area_L	 156324,11±173381,7/127712 (0,22-835294)	 45172,89±114090,69/0,59 (0-505882)	 <0,001
15	 Thalamus_L_Supp_Motor_Area_R	 74775,01±114089,6/4477,5 (0-514583)	 13124,4±62625,99/0,09 (0-377778)	 <0,001
16	 Thalamus_L_Olfactory_L	 94243,5±191571,6/0,83 (0-827273)	 2714,65±18006,86/0 (0-119444)	 <0,001
17	 Thalamus_L_Olfactory_R	 34470,03±72101,46/0,29 (0-259259)	 0,03±0,16/0 (0-1)	 <0,001
18	 Thalamus_L_Frontal_Sup_Medial_ R	 90825,78±128782,41/8589 (0,07-371212)	 17258,35±58604,09/0,18 (0-290278)	 <0,001
19	 Thalamus_L_Frontal_Med_Orb_L	 181090,73±210543,18/142118 (0,18-954545)	 60350,93±99940,54/0,71 (0-401587)	 <0,001
20	 Thalamus_L_Frontal_Med_Orb_R	 128744,1±148736,72/112938,5 (0-741667)	 21833,51±50987,32/0,34 (0-184058)	 <0,001
21	 Thalamus_L_Rectus_L	 236280,7±240016,31/212086 (0,38-996491)	 78297,65±136546,11/0,77 (0-560417)	 <0,001
22	 Thalamus_L_Rectus_R	 155198,81±233590,78/25000 (0,19-962745)	 33447,88±73838,69/0,41 (0-337255)	 <0,001
23	 Thalamus_L_Insula_L	 123509,39±206321,23/0,95 (0-823077)	 0,08±0,18/0 (0-1)	 <0,001
24	 Thalamus_L_Cingulum_Ant_L	 164824,8±198408,42/129481,5 (0-823333)	 20622,74±61676,71/0,23 (0-327778)	 <0,001
25	 Thalamus_L_Cingulum_Ant_R	 827,61±5359/0,33 (0-34731)	 0,08±0,21/0 (0-1)	 <0,001
26	 Thalamus_L_Cingulum_Mid_L	 129624,41±162217,33/38235,5 (0,05-502381)	 4478,26±27359,84/0,08 (0-181159)	 <0,001
27	 Thalamus_L_Cingulum_Mid_R	 51102,56±118143,02/0,44 (0-466667)	 0,15±0,61/0 (0-4)	 <0,001
28	 Thalamus_L_Hippocampus_L	 172650,1±201218,95/118518,5 (0-853333)	 26519,74±79237,1/0,11 (0-347619)	 <0,001
29	 Thalamus_L_Hippocampus_R	 143400,58±165475,99/120798 (0-606061)	 3220,12±21357,04/0 (0-141667)	 <0,001
30	 Thalamus_L_ParaHippocampal_L	 219361,55±230214,76/137164,5 (0,14-764286)	 10744,68±49608,77/0,21 (0-306667)	 <0,001
31	 Thalamus_L_ParaHippocampal_R	 66381,39±107487,62/0,82 (0-369231)	 0,43±1,84/0 (0-12)	 <0,001
32	 Thalamus_L_Amygdala_L	 125521,69±211839,06/5196,5 (0-848485)	 6073,42±28900,11/0 (0-163889)	 <0,001
33	 Thalamus_L_Amygdala_R	 23930,12±72006,78/0 (0-358974)	 0,01±0,04/0 (0-0,19)	 <0,001
34	 Thalamus_L_Calcarine_L	 265882,08±221730,6/214108 (0,63-798148)	 100373,28±156610,36/0,9 (0,09-491304)	 <0,001
35	 Thalamus_L_Cuneus_L	 119479,56±190096,19/72612 (0,12-824074)	 23338,77±76999,35/0,24 (0-446667)	 <0,001
36	 Thalamus_L_Lingual_L	 244713,92±254781,71/154282,5 (0,2-994444)	 84971,79±129094,88/0,98 (0-483333)	 <0,001
37	 Thalamus_L_Lingual_R	 130608,89±163546,89/115714,5 (0,26-624444)	 37027,56±103986,03/0,41 (0-577778)	 <0,001
38	 Thalamus_L_Occipital_Sup_L	 128530,33±166803,77/63368,5 (0-715789)	 11010,25±66580,42/0,16 (0-440476)	 <0,001
39	 Thalamus_L_Occipital_Mid_L	 271249,88±290014,61/185714,5 (0,22-972222)	 0,92±3,42/0,18 (0-22)	 <0,001
40	 Thalamus_L_Occipital_Mid_R	 32256,58±72847,47/0,16 (0-289394)	 0,48±1,94/0 (0-11)	 <0,001
41	 Thalamus_L_Occipital_Inf_L	 23554,42±64767,8/0,33 (0-257407)	 0,09±0,18/0 (0-1)	 <0,001
42	 Thalamus_L_Fusiform_L	 152332,05±201532,46/47707 (0,09-642424)	 18296,25±47588,85/0,28 (0-188333)	 <0,001
43	 Thalamus_L_Fusiform_R	 36786,78±89379,24/0,51 (0-389474)	 0,53±1,46/0,13 (0-8)	 <0,001
44	 Thalamus_L_Postcentral_L	 280196,25±285426,34/192846 (0,04-886667)	 0,49±1,31/0,17 (0-8)	 <0,001
45	 Thalamus_L_Postcentral_R	 129911,67±215127,53/0,79 (0-755556)	 0,56±2,31/0,05 (0-15)	 <0,001
46	 Thalamus_L_Parietal_Sup_L	 278397,79±284829,61/209433,5 (0-913726)	 2759,99±18306,07/0,06 (0-121429)	 <0,001
47	 Thalamus_L_Parietal_Sup_R	 82666,58±143785,39/0,79 (0-566667)	 2475,24±16415,56/0,02 (0-108889)	 <0,001
48	 Thalamus_L_Parietal_Inf_L	 30400,91±85612,37/0,23 (0-414286)	 0,04±0,14/0 (0-0,89)	 <0,001
49	 Thalamus_L_Angular_L	 21365,76±61491,75/0 (0-253333)	 0±0,02/0 (0-0,08)	 <0,001
50	 Thalamus_L_Precuneus_L	 365161,65±350273,62/325490,5 (0,14-982456)	 53231,2±99339,37/0,37 (0-402222)	 <0,001
51	 Thalamus_L_Precuneus_R	 143708,83±208716,59/58660 (0-815686)	 10762,52±39564,63/0,12 (0-186667)	 <0,001
52	 Thalamus_L_Paracentral_Lobule_ L	 245798,7±281761,69/123170 (0-890196)	 5144,67±22558,52/0,15 (0-111765)	 <0,001
53	 Thalamus_L_Paracentral_Lobule_ R	 101579,49±198435,23/0,3 (0-909804)	 0,18±0,63/0 (0-4)	 <0,001
54	 Thalamus_L_Caudate_L	 206791,52±269234,93/121719,5 (0-979167)	 36938,3±149873,13/0,22 (0-957143)	 <0,001
55	 Thalamus_L_Caudate_R	 210063,21±234420,99/99797 (0-709091)	 3106,23±20603,3/0 (0-136667)	 <0,001
56	 Thalamus_L_Putamen_L	 319075,63±302509,34/221666,5 (0,17-990909)	 50729,38±146844,48/0,35 (0-803704)	 <0,001
57	 Thalamus_L_Putamen_R	 65981,16±132619,86/0,79 (0-566667)	 0,3±1,2/0,08 (0-8)	 <0,001
58	 Thalamus_L_Pallidum_L	 209657,52±267138,45/127354,5 (0-995833)	 14551,86±76305,45/0,19 (0-485714)	 <0,001
59	 Thalamus_L_Pallidum_R	 107138,73±187150,19/9,48 (0-911111)	 0,34±0,94/0,09 (0-5)	 <0,001
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Table 2. CONT.

	 THALAMUS	 Tinnitus Avg+SD/Med. (Min.- Maks.)	 Control Avg+SD/Med. (Min.- Maks.)	 P

60	 Thalamus_L_Thalamus_R	 218340,42±279310,13/115714,5 (0-911111)	 0,25±1,09/0 (0-7)	 <0,001
61	 Thalamus_L_Temporal_Sup_L	 40504,3±91809,73/0,24 (0-380392)	 0,16±0,6/0 (0-4)	 <0,001
62	 Thalamus_L_Temporal_Pole_Sup_ L	 199977,7±203837,14/159626 (0,13-914583)	 30841,11±64143,34/0,36 (0-219697)	 <0,001
63	 Thalamus_L_Temporal_Pole_Sup_ R	 19640,01±52520,06/0,4 (0-206061)	 3005,68±19933,12/0,07 (0-132222)	 <0,001
64	 Thalamus_L_Temporal_Mid_L	 118572,57±181052,28/39999,5 (0-764444)	 7255,78±33998,33/0,07 (0-182716)	 <0,001
65	 Thalamus_L_Temporal_Mid_R	 14778,16±47858,89/0,23 (0-217949)	 0,56±2,33/0 (0-14)	 <0,001
66	 Thalamus_L_Temporal_Pole_Mid_L	 133211±155932,46/75680 (0-550794)	 3704,44±24567,48/0,16 (0-162963)	 <0,001
67	 Thalamus_L_Temporal_Pole_Mid_R	 47681,13±96146,71/0,42 (0-398246)	 3106,65±20603,24/0,06 (0-136667)	 <0,001
68	 Thalamus_L_Temporal_Inf_L	 225966,01±239136,13/140595 (0-962963)	 12360,86±54643,36/0,19 (0-337333)	 <0,001
69	 Thalamus_L_Temporal_Inf_R	 80632,48±123072,5/0,92 (0-593056)	 3350,37±22216,39/0,1 (0-147368)	 <0,001
70	 Thalamus_L_Cerebelum_Crus1_L	 123959,18±168367,65/72363 (0,09-713636)	 22162,36±78446,22/0,23 (0-427083)	 <0,001
71	 Thalamus_L_Cerebelum_Crus1_R	 60918,95±102734,9/0,55 (0-426984)	 2509,98±16634,81/0,14 (0-110345)	 <0,001
72	 Thalamus_L_Cerebelum_Crus2_L	 144168,89±203851,88/46767,5 (0-859649)	 27979,94±94062,67/0,13 (0-542857)	 <0,001
73	 Thalamus_L_Cerebelum_Crus2_R	 114231,79±172244,48/0,84 (0-642105)	 24946,35±68969,46/0,22 (0-331944)	 <0,001
74	 Thalamus_L_Cerebelum_3_L	 52144,86±139909,64/0 (0-744444)	 0,1±0,6/0 (0-4)	 <0,001
75	 Thalamus_L_Cerebelum_4_5_L	 193231,09±255889,9/123333 (0-971429)	 20927,3±71190,92/0,21 (0-414815)	 <0,001
76	 Thalamus_L_Cerebelum_6_L	 61901,16±122478,82/0,46 (0-568519)	 0,65±3,45/0,05 (0-23)	 <0,001
77	 Thalamus_L_Cerebelum_6_R	 32199,17±134164,95/0,43 (0-830952)	 0,83±3,32/0,11 (0-20)	 <0,001
78	 Thalamus_L_Cerebelum_7b_L	 56994,4±113631,42/0,68 (0-596491)	 402,89±2647,37/0,08 (0-17564)	 <0,001
79	 Thalamus_L_Cerebelum_8_L	 128875,02±215124,83/18,98 (0-885714)	 13573,73±52095,74/0,12 (0-239394)	 <0,001
80	 Thalamus_L_Cerebelum_8_R	 90019,49±146414,93/26,5 (0-715789)	 13340,41±52738,52/0,1 (0-258333)	 <0,001
81	 Thalamus_L_Cerebelum_9_L	 181025,92±270757,02/74198,5 (0-928205)	 12662,61±59976,67/0 (0-335714)	 <0,001
82	 Thalamus_L_Cerebelum_9_R	 5780,61±30815,53/0,37 (0-195556)	 287,12±1902,34/0 (0-12619)	 <0,001
83	 Thalamus_L_Vermis_3	 172021,96±264992,5/27515,5 (0-942857)	 6818,74±31809,68/0,13 (0-166667)	 <0,001
84	 Thalamus_L_Vermis_4_5	 118574,2±150998,09/13772,5 (0-496667)	 35621,78±79548,81/0,23 (0-256667)	 <0,001
85	 Thalamus_L_Vermis_6	 10147,76±41461,05/0,19 (0-231481)	 0,27±1,66/0 (0-11)	 <0,001
86	 Thalamus_L_Vermis_7	 6247,94±28490,03/0 (0-151852)	 0±0,02/0 (0-0,14)	 <0,001
87	 Thalamus_L_Vermis_8	 16199,45±93933,32/0 (0-608333)	 0±0/0 (0-0)	 <0,001
88	 Thalamus_R_Precentral_L	 51364,43±95674,46/0,45 (0-366667)	 0,28±1,5/0,03 (0-10)	 <0,001
89	 Thalamus_R_Precentral_R	 209324,48±257805,58/135937,5 (0-985185)	 36245,25±74259,96/0,41 (0-266667)	 <0,001
90	 Thalamus_R_Frontal_Sup_L	 65835,32±110877,46/0,74 (0-527778)	 0,59±2,25/0,09 (0-14)	 <0,001
91	 Thalamus_R_Frontal_Sup_R	 294517,94±274593,9/232300 (0,25-936667)	 81051,52±130828,92/0,86 (0-514493)	 <0,001
92	 Thalamus_R_Frontal_Sup_Orb_L	 30652,29±78256,39/0,42 (0-355556)	 0,37±1,19/0,1 (0-7)	 <0,001
93	 Thalamus_R_Frontal_Sup_Orb_R	 238447,42±277062,61/133333 (0,24-892982)	 38367,7±106281,13/0,35 (0-557971)	 <0,001
94	 Thalamus_R_Frontal_Mid_L	 39415,3±117658,6/0,32 (0-682222)	 0,24±0,95/0 (0-5)	 <0,001
95	 Thalamus_R_Frontal_Mid_R	 256363,8±268845,54/186458 (0,37-987037)	 57833,66±115774,47/0,56 (0-468627)	 <0,001
96	 Thalamus_R_Frontal_Mid_Orb_R	 192384,24±252601,94/85145,5 (0-836842)	 45676,92±108972,09/0,33 (0-604167)	 <0,001
97	 Thalamus_R_Frontal_Inf_Oper_L	 3876,81±25123,81/0 (0-162821)	 0±0,01/0 (0-0,09)	 <0,001
98	 Thalamus_R_Frontal_Inf_Oper_R	 148118,72±257841,07/46,5 (0-894737)	 17016,69±50536,99/0,14 (0-233333)	 <0,001
99	 Thalamus_R_Frontal_Inf_Tri_L	 29019,11±70508,05/0,22 (0-291228)	 0,05±0,17/0 (0-1)	 <0,001
100	 Thalamus_R_Frontal_Inf_Tri_R	 195052,95±217409,21/151717 (0,14-871667)	 60201,89±110045,94/0,48 (0-364815)	 <0,001
101	 Thalamus_R_Frontal_Inf_Orb_L	 9965,84±38368,23/0,1 (0-203448)	 0,15±0,67/0 (0-4)	 <0,001
102	 Thalamus_R_Frontal_Inf_Orb_R	 257150,07±283991,11/163158 (0-942857)	 48883,2±114391,26/0,43 (0-591111)	 <0,001
103	 Thalamus_R_Rolandic_Oper_R	 102420,75±193132,14/0,48 (0-770833)	 0,36±1,23/0,02 (0-8)	 <0,001
104	 Thalamus_R_Supp_Motor_Area_L	 284216,8±304438,75/140759 (0,18-903509)	 36107,84±84631,23/0,42 (0-333333)	 <0,001
105	 Thalamus_R_Supp_Motor_Area_R	 249082,52±244144,72/166569 (0,09-898235)	 54400,86±115606,15/0,55 (0-540476)	 <0,001
106	 Thalamus_R_Olfactory_L	 19931,06±50586,4/0 (0-190909)	 0±0/0 (0-0)	 <0,001
107	 Thalamus_R_Olfactory_R	 32415,2±79873,69/0 (0-375758)	 0±0/0 (0-0)	 <0,001
108	 Thalamus_R_Frontal_Sup_Medial_L	 276539,36±272492,36/199444,5 (0,14-953623)	 80185,06±139606,15/0,74 (0-538095)	 <0,001
109	 Thalamus_R_Frontal_Sup_Medial_R	 228511,04±245032,7/159444,5 (0,17-843333)	 38813,31±92416,74/0,47 (0-407407)	 <0,001
110	 Thalamus_R_Frontal_Med_Orb_R	 242832,73±275068,53/162318,5 (0-901852)	 27487,75±63767,12/0,25 (0-284314)	 <0,001
111	 Thalamus_R_Rectus_R	 136723,82±227637,46/84 (0-833333)	 65,62±433,38/0,12 (0-2875)	 <0,001
112	 Thalamus_R_Insula_R	 107066,16±158997,86/12,5 (0-689583)	 4024,92±26696,22/0 (0-177083)	 <0,001
113	 Thalamus_R_Cingulum_Ant_L	 96134,66±176804,6/0,77 (0-822807)	 0,14±0,22/0,02 (0-0,73)	 <0,001
114	 Thalamus_R_Cingulum_Ant_R	 43704,43±115763,36/0,33 (0-660417)	 0,04±0,16/0 (0-1)	 <0,001
115	 Thalamus_R_Cingulum_Mid_L	 102712,05±155699,08/68,5 (0-713726)	 0,2±0,76/0 (0-5)	 <0,001
116	 Thalamus_R_Cingulum_Mid_R	 113348,73±164971,57/577,5 (0-814815)	 0,06±0,17/0 (0-1)	 <0,001
117	 Thalamus_R_Hippocampus_L	 74642,74±119795,69/0,75 (0-397436)	 0,17±0,9/0 (0-6)	 <0,001
118	 Thalamus_R_Hippocampus_R	 197143,03±254740/78565 (0-937037)	 14618,59±59885,3/0 (0-366667)	 <0,001
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Table 2. CONT.

	 THALAMUS	 Tinnitus Avg+SD/Med. (Min.- Maks.)	 Control Avg+SD/Med. (Min.- Maks.)	 P

119	 Thalamus_R_ParaHippocampal_L	 82301,02±114371,22/0,83 (0-319444)	 0,45±2,25/0 (0-15)	 <0,001
120	 Thalamus_R_ParaHippocampal_R	 225265,55±235092,94/169419 (0-785185)	 3282,92±21775,74/0 (0-144444)	 <0,001
121	 Thalamus_R_Amygdala_R	 55394,59±106076,48/0,43 (0-435897)	 0±0,01/0 (0-0,09)	 <0,001
122	 Thalamus_R_Calcarine_L	 68157,95±124580,14/0,81 (0-656863)	 10805,82±37901,37/0,27 (0-175926)	 <0,001
123	 Thalamus_R_Calcarine_R	 127842,59±187686,3/1837,5 (0-733333)	 14702,53±47453,41/0,19 (0-179487)	 <0,001
124	 Thalamus_R_Cuneus_R	 72055,49±114946,54/0,53 (0-390196)	 0,13±0,33/0 (0-2)	 <0,001
125	 Thalamus_R_Lingual_L	 148675,45±198084,24/37502,5 (0-829167)	 9847,19±37523,32/0,23 (0-182051)	 <0,001
126	 Thalamus_R_Lingual_R	 272037,14±312956,93/136481,5 (0,19-980952)	 40483,99±82089,97/0,47 (0-323077)	 <0,001
127	 Thalamus_R_Occipital_Sup_L	 28402,96±97695,57/0,11 (0-466667)	 0,04±0,16/0 (0-1)	 <0,001
128	 Thalamus_R_Occipital_Sup_R	 45872±83053,81/0,61 (0-340741)	 0,06±0,13/0 (0-0,58)	 <0,001
129	 Thalamus_R_Occipital_Mid_L	 28198,94±81254,34/0,5 (0-351282)	 0,05±0,16/0 (0-1)	 <0,001
130	 Thalamus_R_Occipital_Mid_R	 108858,35±181741,17/29,5 (0-805882)	 2417,15±16032,7/0,02 (0-106349)	 <0,001
131	 Thalamus_R_Fusiform_L	 11348,75±51639,71/0,39 (0-262745)	 0,28±1,2/0,04 (0-8)	 <0,001
132	 Thalamus_R_Fusiform_R	 176233,28±219785,13/121566 (0,08-809524)	 2855,86±18941,03/0,16 (0-125641)	 <0,001
133	 Thalamus_R_Postcentral_L	 90015,11±121682,26/18,37 (0-497101)	 0,27±1,2/0,04 (0-8)	 <0,001
134	 Thalamus_R_Postcentral_R	 247883,32±274585,96/143933 (0-831373)	 39051,14±117793,73/0,32 (0-658824)	 <0,001
135	 Thalamus_R_Parietal_Sup_L	 80532,74±143221,7/0,77 (0-478947)	 0,15±0,62/0 (0-4)	 <0,001
136	 Thalamus_R_Parietal_Sup_R	 251873,41±253457,63/198684 (0-947059)	 6780,5±33057,8/0,11 (0-196667)	 <0,001
137	 Thalamus_R_Angular_R	 38476,64±90329,63/0,09 (0-327451)	 3305,82±21928,16/0 (0-145455)	 <0,001
138	 Thalamus_R_Precuneus_L	 132205,19±203744,7/21,5 (0-888889)	 0,46±1,34/0,22 (0-9)	 <0,001
139	 Thalamus_R_Precuneus_R	 278912,89±301108,15/120657,5 (0-938889)	 5481,48±25556,94/0,1 (0-133333)	 <0,001
140	 Thalamus_R_Paracentral_Lobule_ L	 104707,26±187206,16/0,83 (0-766667)	 0,42±2,1/0,07 (0-14)	 <0,001
141	 Thalamus_R_Paracentral_Lobule_ R	 207631,68±233692,7/148447,5 (0-805882)	 0,12±0,19/0,07 (0-1)	 <0,001
142	 Thalamus_R_Caudate_L	 80973,32±143584,27/0,61 (0-598148)	 0,16±0,75/0 (0-5)	 <0,001
143	 Thalamus_R_Caudate_R	 228211,32±276679,07/144629,5 (0-903333)	 3093,76±20519,46/0,14 (0-136111)	 <0,001
144	 Thalamus_R_Putamen_L	 56794,06±119387,15/0,67 (0-570833)	 0,45±2,27/0,02 (0-15)	 <0,001
145	 Thalamus_R_Putamen_R	 125829,21±205253,14/9411 (0-846667)	 0,26±0,64/0,05 (0-4)	 <0,001
146	 Thalamus_R_Pallidum_L	 55266,23±105231,59/0,36 (0-388889)	 0,13±0,75/0 (0-5)	 <0,001
147	 Thalamus_R_Pallidum_R	 130187,09±212312,21/0,53 (0-837037)	 14583,38±81671,84/0 (0-533333)	 <0,001
148	 Thalamus_R_Thalamus_L	 218340,42±279310,13/115714,5 (0-911111)	 0,25±1,09/0 (0-7)	 <0,001
149	 Thalamus_R_Temporal_Sup_R	 95924,62±195439,81/0,75 (0-975556)	 10008,71±37512,09/0,03 (0-158974)	 <0,001
150	 Thalamus_R_Temporal_Pole_Sup_ R	 84737,34±168540,21/0,72 (0-733333)	 16499,98±58241,33/0,12 (0-314583)	 <0,001
151	 Thalamus_R_Temporal_Mid_L	 14609,09±40618,97/0 (0-144928)	 0,05±0,3/0 (0-2)	 <0,001
152	 Thalamus_R_Temporal_Mid_R	 93683,72±140058,07/0,87 (0-458333)	 0,44±1,7/0,05 (0-11)	 <0,001
153	 Thalamus_R_Temporal_Pole_Mid_R	 151171,55±236493,45/18125 (0-940909)	 6976,49±32490,23/0,08 (0-168056)	 <0,001
154	 Thalamus_R_Temporal_Inf_L	 16778,78±63280,87/0,33 (0-355556)	 0,07±0,3/0 (0-2)	 <0,001
155	 Thalamus_R_Temporal_Inf_R	 212318,67±253199,83/130909,5 (0-972549)	 2488,16±16328,68/0,13 (0-108333)	 <0,001
156	 Thalamus_R_Cerebelum_Crus1_L	 71035,1±143751,8/0,72 (0-582051)	 2550,7±16918,07/0,03 (0-112222)	 <0,001
157	 Thalamus_R_Cerebelum_Crus1_R	 133018,32±174606,35/6074 (0-611594)	 3327,69±22067,02/0,13 (0-146377)	 <0,001
158	 Thalamus_R_Cerebelum_Crus2_L	 92524,39±158942,05/0,93 (0-596154)	 4995,62±33128,82/0,08 (0-219753)	 <0,001
159	 Thalamus_R_Cerebelum_Crus2_R	 195446,43±276805,8/62934,5 (0-976191)	 16691,62±60985,4/0,16 (0-293056)	 <0,001
160	 Thalamus_R_Cerebelum_3_L	 15899,57±45162,48/0 (0-196667)	 0±0,01/0 (0-0,06)	 <0,001
161	 Thalamus_R_Cerebelum_3_R	 24195,23±72404,38/0,19 (0-355556)	 0,16±0,9/0 (0-6)	 <0,001
162	 Thalamus_R_Cerebelum_4_5_L	 149896,72±175413,06/125494,5 (0-623333)	 2489,65±16511,29/0,08 (0-109524)	 <0,001
163	 Thalamus_R_Cerebelum_4_5_R	 11748,1±44082,52/0,36 (0-236364)	 0,16±0,48/0 (0-3)	 <0,001
164	 Thalamus_R_Cerebelum_6_L	 25304,56±69233,47/0,28 (0-279167)	 0,05±0,16/0 (0-1)	 <0,001
165	 Thalamus_R_Cerebelum_6_R	 68725,07±136661,46/0,65 (0-643478)	 0,23±0,74/0,01 (0-4)	 <0,001
166	 Thalamus_R_Cerebelum_7b_L	 14503,5±46112,7/0,27 (0-194667)	 0,24±1,06/0 (0-7)	 <0,001
167	 Thalamus_R_Cerebelum_7b_R	 49647,27±102365,71/0,62 (0-382609)	 0,69±3,32/0,04 (0-22)	 <0,001
168	 Thalamus_R_Cerebelum_8_L	 33928,54±71143,78/0,46 (0-258025)	 0,16±0,75/0 (0-5)	 <0,001
169	 Thalamus_R_Cerebelum_8_R	 200108,91±223283,52/131176,5 (0-721429)	 5064,63±33589,29/0,11 (0-222807)	 <0,001
170	 Thalamus_R_Cerebelum_9_L	 22679,59±60987,95/0,38 (0-208889)	 0,04±0,08/0 (0-0,37)	 <0,001
171	 Thalamus_R_Cerebelum_9_R	 74842,98±107594,79/18,97 (0-366667)	 0,06±0,17/0 (0-1)	 <0,001
172	 Thalamus_R_Vermis_3	 251073,86±268948,09/119285,5 (0-755556)	 3463,33±22972,28/0 (0-152381)	 <0,001
173	 Thalamus_R_Vermis_4_5	 132992,51±179951,83/43832,5 (0-677778)	 7846,56±38321,43/0,11 (0-228571)	 <0,001
174	 Thalamus_R_Vermis_6	 28372,2±82443,4/0,28 (0-410606)	 0,05±0,3/0 (0-2)	 <0,001
175	 Thalamus_R_Vermis_7	 3130,37±20270,91/0 (0-131373)	 0±0/0 (0-0)	 <0,001
176	 Thalamus_R_Vermis_8	 37923,83±125723,85/0 (0-553846)	 0±0/0 (0-0)	 <0,001
177	 Thalamus_R_Vermis_9	 6217,69±28146,48/0 (0-133333)	 0±0,02/0 (0-0,16)	 <0,001
178	 Thalamus_R_Vermis_10	 14923,3±67871,83/0 (0-380556)	 0,01±0,04/0 (0-0,27)	 <0,001
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with the Shapiro Wilk test for the conformity of continuous 
variables to the normal distribution. Descriptive statistics 
were used to describe continuous variables (mean (Avg.), 
standard deviation (SD), minimum (Min.), median (Med.), 
maximum (Max.)). 

The comparison of two independent and non-normally 
distributed variables was made using the Mann-Whitney U 
test. 

Statistical significance level was determined as 0.001. Com-
parative analyzes were performed using SPSS v24 Program. 

The raw data obtained in the study were analyzed with 

the heat map method secondly. Pearson correlation 
numbers were calculated by averaging the values of all 
patients on the same pathways. The matrix showing the 
correlation coefficients between all networks is also cal-
culated as excel tables. According to these tables, color 
maps were obtained for both the patient group and the 
control group.

Results
The data obtained by analyzing the images with the DSI 
Studio program were calculated statistically, and the table 
related to the thalamus below was obtained according to 
the value of p<0.001.

In order to view the data from a larger structural perspec-
tive, the average of the values of all participants on the 
same pathways in the tinnitus group and control group 
was calculated using the graphical visualization technique 
“heat map”. Pearson correlation numbers were calculated. 
Thus, it is thought that areas close to dark red are positively 
correlated, while light colored areas are negatively corre-
lated (Fig. 5).

The connectivity relationship of the control group is given 
in Figure 6. Dark red indicates a strong positive relationship, 
while dark blue indicates a strong negative relationship.

An increase in the networks between the thalamus and 
the supplementary motor cortex (supplementary motor 
area) was detected in the tinnitus group. In addition, it is 
seen that the pathways of the thalamus together with the 
hippocampus, upper and middle occipital area and fron-
tal area increase, the pathways with the hippocampus and 
cerebellum decrease, and the pathways leading to the cu-
neus and insula decrease. It has been determined that the 
connection of the vermis region with the cerebellum in pa-
tients with tinnitus is reduced. (p<0.001).

Figure 4. Circular Connectogram Diagram.

Figure 5. The connectivity relationship of the tinnitus group is shown in the diagram.
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Discussion

DTI-MR, which was first proposed by Peter Basser to show 
micro-structural changes in the brain in 1994, was used in 
the following years to investigate clinical conditions such 
as schizophrenia, autism, traumatic brain injury, multiple 
sclerosis, and old age.[33] Conditions such as tinnitus and 
sensorineural hearing loss, where conventional imaging 
methods are insufficient, have also been the subject of re-
search in DTI-MRI and fMRI in recent years. 

These studies have focused heavily on changes in auditory 
pathways and have obtained many different findings. All 
these studies are aimed at clarifying tinnitus, and there are 
fewer studies investigating brain network changes in tin-
nitus.[34, 35] 

Hallam et al. stated that individuals with tinnitus show sig-
nificant cognitive problems compared to normal individu-
als.[36] In other publications on the effect of tinnitus on cog-
nitive functions, they also stated that memory functions 
are affected and that it has a negative effect on the provi-
sion and execution of attention.[18, 37] 

The thalamus transmits all sensory nerve impulses, first to 
the thalamus and then to the cerebral cortex, except for 
nerve impulses related to smell. The thalamus is respon-
sible for not only transmitting nerve messages to the cor-
tex, but also for the processing of messages, being aware 
of the events around the individual, being alert to these 
events, processing and regulation of attention-related 
functions and acting in response.[19] It is stated that the 
complementary motor area has an important effect be-
tween cognition and action in the acquisition of motor 
skills by making and applying the action plan, when to do 
which movement, when it is in front of the primary motor 
cortex.[20]

Conclusion
In chronic bilateral tinnitus cases, the patient hears an un-
real sound and only the sound that the patient hears is very 
disturbing to the individual. Tinnitus increases with age 
and is more common in men than women. Patients with 
tinnitus stated that they heard tinnitus more in the left ear 
than in the right ear.[38] 

If the individual with tinnitus does particularly dangerous 
work while working at work, tinnitus; Concentration dis-
order can cause sleep disturbance and cause serious ac-
cidents. In addition, if the person works in a place with a 
voice warning system, he may not be able to react to it. In 
this study, thalamus and complementary motor area con-
nections of individuals with tinnitus were tried to be exam-
ined. From the data obtained, it is seen that the connec-
tions of talamasun differ in different areas. 

Important functions of the complementary motor area and 
the thalamus; These are cognitive actions in which atten-
tion plays an important role, such as noticing the stimulus 
coming from the environment, being alert to the stimulus, 
planning and implementing the reaction action.[19, 20] With 
the deterioration of the connectivity of the two structures, 
it can have a significant negative impact on the lives of in-
dividuals with tinnitus.

Disclosures

Ethics Committee Approval: This research was produced from 
the data obtained from the thesis study numbered 787226 "Ex-
amination of the effect of chronic tinnitus (tinnitus) on brain 
connections". This study was discussed by Acıbadem Mehmet 
Ali Aydınlar University Medical Research Evaluation Commission 
(ATADEK) at the 2022/11 ATADEK meeting on 24 June 2022 and 
it was found to be medically ethical with the decision number 
2022-11/50.

Peer-review: Externally peer-reviewed.

Figure 6. The connectivity relationship of the tinnitus group is shown in the diagram.



150 Elpen Karyemez et al., Thalamic Network Connectivity in Tinnitus Patients Using DTI / doi: 10.14744/ejmo.2024.54416

Conflict of Interest: There is no conflict of interest between the 
authors.

Authorship Contributions: Concept – P.E.K., M.Y., H.T.; Design – 
P.E.K.; Supervision – P.E.K.; Materials – P.E.K.; Data collection &/or 
processing – P.E.K.; Analysis and/or interpretation – P.E.K.; Literature 
search – P.E.K., M.Y., H.T.; Writing – P.E.K.; Critical review – M.Y., H.T.

References
1.	 Akkuzu B, Yilmaz I, Cakmak O, Ozluoglu LN. Efficacy of miso-

prostol in the treatment of tinnitus in patients with diabetes 
and/or hypertension. Auris Nasus Larynx 2004;31:226–32.

2.	 McFadden D. Tinnitus-Facts, theories, and treatments. Wash-
ington DC: National Academy Press; 1982. 

3.	 Bhatt J, Ghavami Y, Lin HW, Djalilian H. Cervical spine dysfunc-
tions in patients with chronic subjective tinnitus. Otol Neu-
rotol 2015;36:1459–60.

4.	 Baguley D, McFerran D, Hall D. Tinnitus. Lancet 2013;382:1600–
7.

5.	 Tyler R, Ji H, Perreau A, Witt S, Noble W, Coelho C. Develop-
ment and validation of the tinnitus primary function ques-
tionnaire. Am J Audiol 2014;23:260–72.

6.	 Crummer RW, Hassan GA. Diagnostic approach to tinnitus. 
Am Fam Physician 2004;69:120–6.

7.	 Lewis JE, Stephens SD, McKenna L. Tinnitus and suicide. Clin 
Otolaryngol Allied Sci 1994;19:50–4.

8.	 Ruhioğlu Çinar Ö. Gürültü maruziyeti sonrası çıkan tinnitusta 
terapatik maskeleme yöntemlerinin karşılaştırılması (master’s 
thesis). Ankara: Yıldırım Beyazıt Üniversitesi Sağlık Bilimleri 
Enstitüsü; 2019.

9.	 Alleva M, Loch WE, Paparella MM. Tinnitus. Prim Care 
1990;17:289–97.

10.	Akyıldız N. Kulak hastalıkları ve mikrocerrahisi. Ankara: Bilim-
sel Tıp Yayınevi; 1998.

11.	Karahan ZA. Tinnituslu normal işitmesi olan bireylerde akustik 
uyaran varlığında ve uyaran olmaksızın stroop test T-bag form 
performansının değerlendirilmesi (master’s thesis). Ankara: 
Yıldırım Beyazıt Üniversitesi Sağlık Bilimleri Enstitüsü; 2018.

12.	Shargorodsky J, Curhan GC, Farwell WR. Prevalence and 
characteristics of tinnitus among US adults. Am J Med 
2010;123:711–8.

13.	Shetye A, Kennedy V. Tinnitus in children: An uncommon 
symptom? Arch Dis Child 2010;95:645–8.

14.	Adams PF, Hendershot GE, Marano MA. Current estimates 
from the National Health Interview Survey, 1996. Vital Health 
Stat 10 1999:1–203.

15.	Ahmad N, Seidman M. Tinnitus in the older adult: Epidemiol-
ogy, pathophysiology and treatment options. Drugs Aging 
2004;21:297–305.

16.	Kılıç BG. Yönetici işlevler ve dikkat süreçlerine ilişkin kuramsal 
modeller ve nöroanatomi. Klin Psikiyatri Derg 2002;5:105–10.

17.	Mesulam MM. Large-scale neurocognitive networks and dis-

tributed processing for attention, language, and memory. 
Ann Neurol 1990;28:597–613.

18.	Tegg-Quinn S, Bennett RJ, Eikelboom RH, Baguley DM. The im-
pact of tinnitus upon cognition in adults: A systematic review. 
Int J Audiol 2016;55:533–40.

19.	Türkel Y, Terzi M. Talamus’un anatomik ve fonksiyonel önemi. J 
Exp Clin Med 2007;24:144–54.

20.	Nachev P, Kennard C, Husain M. Functional role of the supple-
mentary and pre-supplementary motor areas. Nat Rev Neuro-
sci 2008;9:856–69.

21.	Ruan J, Bludau S, Palomero-Gallagher N, Caspers S, Mohlberg 
H, Eickhoff SB, et al. Cytoarchitecture, probability maps, and 
functions of the human supplementary and pre-supplemen-
tary motor areas. Brain Struct Funct 2018;223:4169–86.

22.	Cona G, Semenza C. Supplementary motor area as key struc-
ture for domain-general sequence processing: A unified ac-
count. Neurosci Biobehav Rev 2017;72:28–42.

23.	Xu XM, Jiao Y, Tang TY, Lu CQ, Zhang J, Salvi R, et al. Altered 
spatial and temporal brain connectivity in the salience net-
work of sensorineural hearing loss and tinnitus. Front Neuro-
sci 2019;13:246.

24.	Vanneste S, De Ridder D. The auditory and non-auditory brain 
areas involved in tinnitus. An emergent property of mul-
tiple parallel overlapping subnetworks. Front Syst Neurosci 
2012;6:31.

25.	Seydell-Greenwald A, Raven EP, Leaver AM, Turesky TK, Raus-
checker JP. Diffusion imaging of auditory and auditory-limbic 
connectivity in tinnitus: Preliminary evidence and method-
ological challenges. Neural Plast 2014;2014:145943.

26.	Chen Q, Wang Z, Lv H, Zhao P, Yang Z, Gong S, et al. Reorgani-
zation of brain white matter in persistent idiopathic tinnitus 
patients without hearing loss: Evidence from baseline data. 
Front Neurosci 2020;14:591.

27.	Vanneste S, van de Heyning P, De Ridder D. The neural net-
work of phantom sound changes over time: a comparison be-
tween recent-onset and chronic tinnitus patients. Eur J Neuro-
sci 2011;34:718–31.

28.	Husain FT, Medina RE, Davis CW, Szymko-Bennett Y, Simonyan 
K, Pajor NM, et al. Neuroanatomical changes due to hearing 
loss and chronic tinnitus: A combined VBM and DTI study. 
Brain Res 2011;1369:74–88.

29.	Zhang J, Chen Y-C, Feng X, Yang M, Liu B, Qian C, et al. Im-
pairments of thalamic resting-state functional connectivity in 
patients with chronic tinnitus. Eur J Radiol 2015;84:1277–84.

30.	Adjamian P, Hall DA, Palmer AR, Allan TW, Langers DR. Neu-
roanatomical abnormalities in chronic tinnitus in the human 
brain. Neurosci Biobehav Rev 2014;45:119–33.

31.	Krick CM, Grapp M, Daneshvar-Talebi J, Reith W, Plinkert PK, 
Bolay HV. Cortical reorganization in recent-onset tinnitus pa-
tients by the Heidelberg Model of Music Therapy. Front Neu-
rosci 2015;9:49.



151EJMO

32.	Salvi R, Auerbach BD, Lau C, Chen YC, Manohar S, Liu X, et 
al. Functional neuroanatomy of salicylate- and noise-in-
duced tinnitus and hyperacusis. Curr Top Behav Neurosci 
2021;51:133–60.

33.	O'Donnell LJ, Westin CF. An introduction to diffusion tensor 
image analysis. Neurosurg Clin N Am 2011;22:185–96.

34.	Kim S, Kwon HJ, Kang EJ, Kim DW. Diffusion-tensor tractog-
raphy of the auditory neural pathway: Clinical usefulness in 
patients with unilateral sensorineural hearing loss. Clin Neu-
roradiol 2020;30:115–22.

35.	Tarabichi O, Kozin ED, Kanumuri VV, Barber S, Ghosh S, Sitek 

KR, et al. Diffusion tensor imaging of central auditory path-
ways in patients with sensorineural hearing loss: A systematic 
review. Otolaryngol Head Neck Surg 2018;158:432–42.

36.	Hallam RS, McKenna L, Shurlock L. Tinnitus impairs cognitive 
efficiency. Int J Audiol 2004;43:218–26.

37.	Mohamad N, Hoare DJ, Hall DA. The consequences of tinni-
tus and tinnitus severity on cognition: A review of the behav-
ioural evidence. Hear Res 2016;332:199–209.

38.	McCormack A, Edmondson-Jones M, Somerset S, Hall D. A 
systematic review of the reporting of tinnitus prevalence and 
severity. Hear Res 2016;337:70–9. 


