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BACKGROUND: We aimed to investigate the changes that may occur in the auditory neural network in pediatric congenital hearing loss cases.

METHODS: Fifty-four cochlear implant candidates and 47 normal-hearing controls were included in this retrospective study. Fractional anisot-
ropy, radial diffusivity, and apparent diffusion coefficient maps were generated. We placed region of interest on the cochlear nucleus, superior 
olivary nucleus, lateral lemniscus, medial geniculate body, auditory radiation, Heschl’s gyrus, inferior fronto-occipital fasciculus, superior longi-
tudinal fascicle, and corpus callosum splenium. The area of the cochlear nerve was measured. Diffusion tensor imaging metrics, children's ages, 
and cochlear nerve area were compared.

RESULTS: Apparent diffusion coefficient and radial diffusivity values of patients were higher than the control group in all places except the radial 
diffusivity values of medial geniculate body. The fractional anisotropy values of the patients in lateral lemniscus, auditory radiation, Heschl’s 
gyrus, inferior fronto-occipital fasciculus, superior longitudinal fascicle, and corpus callosum splenium were lower than the control group. There is 
a positive correlation between fractional anisotropy and age in both patient and control groups for all locations. The cochlear nerve area is lower 
in patients (0.88 ± 0.29) than in the control group (1.18 ± 0.14) (P = .000). The cochlear nerve area has a positive correlation with age in the patient 
group (P = .000) but has not in the control group. The cochlear nerve area positively correlates with fractional anisotropy values of all locations 
except fractional anisotropy values of medial geniculate body.

CONCLUSION: The alterations of diffusion tensor imaging metrics on the auditory pathway reflect the microstructural changes of white matter 
tracts.

KEYWORDS: Diffusion tensor imaging (DTI), pediatric hearing loss, auditory pathway, Fractional anisotropy (FA), radial diffusivity (RD), apparent 
diffusion coefficient (ADC).

INTRODUCTION
Hearing is a complex process that begins with the sound reaching the ear and continues with transmitting the stimulus to the 
auditory cortex. The first step is to transfer the sound to the neural pathway that starts with the organ of Corti in the cochlea. 
The stimulus in this neural network reaches the auditory cortex, passing through intermediate stations like the cochlear nucleus 
(CN), superior olivary nuclei (SON), lateral lemniscus (LL), and medial geniculate body (MGB).1 Auditory stimulus is transmitted 
from the CN and SON by ipsilateral and crossing fibers. However, some neurons in the auditory system have crossing fibers at 
all levels of the auditory system. Because of this, the central auditory system receives information from both the ipsilateral and 
contralateral sides, with the dominance of the contralateral fibers.2,3 Lin et al found lower fractional anisotropy (FA) values of 
the contralateral LL and higher radial diffusivity (RD) values in their diffusion tensor imaging (DTI) examination in patients with 
unilateral hearing loss. This supports the fact that the contralateral crossing fibers are dominant.4 However, in another study 
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comparing with the hearing control group, FA values decreased in 
both ipsilateral and contralateral LL in cases with unilateral hearing 
loss. This also confirms that the central auditory pathway receives 
both ipsilateral and contralateral fibers.5

Sensorineural hearing loss (SNHL) is the most common cause 
of deafness. Any dysfunction of the auditory pathway, either 
the inner ear or central neural tract, can cause SNHL.6 However, 
pathophysiological features of SNHL often cannot be identi-
fied, and most are accepted as idiopathic.7 Computed tomog-
raphy (CT) and magnetic resonance (MR) are the basic imaging 
modalities to reveal the anatomical and pathological causes 
of deafness. CT and MR provide useful information to evalu-
ate temporal bone anatomy and congenital inner ear anoma-
lies.8 Magnetic resonance imaging (MRI) can reveal the anatomy 
of the internal acoustic canal and cochlear nerve and determine 
brain tumors and other pathologies that may affect the auditory  
pathways.9 

Conventional imaging techniques cannot evaluate the cen-
tral auditory network's functional integrity and microstructural 
pathophysiology.10 DTI is an imaging modality that evaluates the 
white matter microstructural integrity of the central nervous sys-
tem (CNS). 

Axonal fiber extension and myelination in the auditory path-
ways depend on sound stimulation. These formations develop 
especially before 12 years old.11,12 Therefore, congenital or early 
hearing loss may be expected to cause more changes in the 
microstructure of white matter pathways.13 DTI provides a quanti-
tative analysis of the magnitude and directionality of anisotropic 
diffusion to estimate the brain's white matter organization. The 
degree of anisotropy of water diffusion is higher parallel to the 
tract and affected by the deterioration of this structural integrity. 
So, diffusion metrics may show the location of the disruption in 
the auditory pathway. The apparent diffusion coefficient (ADC) 
is the amount of diffusion in a single direction and depends on 
diffusion anisotropy. In the anisotropic tissue, ADC is highest (dif-
fusion is fastest) along the length of the pathway and is lower 
in other directions. Radial diffusivity represents the average of 
2 shorter eigenvectors perpendicular to the diffusion's elemen-
tary direction. Radial diffusivity has been associated with axon, 
myelin, fiber density, and integrity, and increased RD indicates 
abnormalities.14 Fractional anisotropy describes the direction-
dependent amount of diffusion in a voxel and reflects the direc-
tional displacement of molecules.

Some studies have investigated DTI to explain the neuronal integrity 
of the auditory network in patients with hearing loss. Most of them 
were in adults and did not correlate the changes with the cochlear 
nerve.4,5,10,15,16 We hypothesized that the microstructural changes 
might occur in the white matter due to hearing loss in children. 
Similarly, there may be a structural deterioration in the cochlear 
nerve, which might also be reflected in the calibers of the cochlear 
nerve. In this study, we aimed to investigate whether there are micro-
structural and functional changes in the auditory pathway that can 
be noticed via DTI metrics in pediatric cases with congenital SNHL 
and the correlation between these changes with cochlear nerve 
cross-sectional diameters and age.

MATERIAL AND METHODS

Subjects
We retrospectively reviewed the local PACS (Picture archiving 
and communication system) archive of the Istanbul Training and 
Research Hospital-Radiology department between January 2021 
and June 2022 to find DTI MR examinations of children who were 
cochlear implant candidates and had bilateral hearing loss. After 
the elimination of patients who have inappropriate MRI images for 
measurement, 54 patients (23 girls and 31 boys; mean age 5.2 ± 
4.3 years) under 18 years of age with bilateral severe to profound 
hearing loss (pure tone hearing test > 70 dB), who have DTI scans, 
were included in the study. The study did not include children with 
advanced inner ear anomalies with no cochlear nerve. Patients with 
known neurologic, neurocognitive, developmental, or behavioral 
deficits and pathologies in brain MR images have not enrolled in the 
study. Magnetic resonance imaging was performed under sedation 
on the subjects who could not complete the survey awake. The con-
trol group consisted of 47 age- and sex-matched children (15 girls 
and 32 boys; mean age 7.5 ± 4.3 years) under 18 years of age with 
normal hearing and normal brain images on MRI. Institutional review 
board approval was obtained for this retrospective study from the 
Clinical Researches Ethics Committee of the University of Health 
Sciences Istanbul Training and Research Hospital (Decision number: 
2999). Written informed consent from the legal guardians of all chil-
dren is contained in the hospital's medical records.

Image Acquisition
All participants have been imaged by a 1.5 T scanner (Siemens 
Healthcare, AeraMagnetom, Erlangen, Germany) equipped with 
a 16-channel head coil. The imaging protocol included axial 
T1-weighted (TR/TE: 500/9.9 ms; matrix: 256 × 125; NSA: 1; slice thick-
ness: 3 mm), axial T2-weighted (TR/TE: 4.280/91 ms, matrix: 384 × 211, 
NSA: 1, slice thickness: 3 mm), axial fluid-attenuated inversion recov-
ery (FLAIR) (TR/TE/TI: 8.000/118/23.687 ms; matrix: 256 × 140; NSA: 1; 
slice thickness: 3 mm), coronal FLAIR (TR/TE/TI: 8.000/118/23.695 ms, 
matrix: 256 × 144, NSA: 1, slice thickness: 3 mm), axial 3D constructive 
interference in steady state (CISS) T2 (TR/TE: 5.39/2.40 ms, matrix: 384 
× 211, NSA: 1, slice thickness: 0.72 mm), and sagittal T2-weighted (TR/
TE: 4.810/90; matrix: 320 × 247; NSA: 1; slice thickness: 5 mm) images. 
The DTI protocol included SE-EPI (spin-echo echo-planar imaging) 
images, TR = 6.000 ms, TE = 89 ms, 65 gradient directions, b = 0 s/mm2 
and b = 1000s/mm2, 3-mm slice thickness, FOV (field of view) of 230 
× 230 mm, and matrix: 128 × 128. This protocol is standard for brain 
MRI imaging at our institution.

Data Analysis
Diffusion tensor imaging images were transferred to the dedicated 
workstation (Syngo.Via, Erlangen, Germany). Fractional anisotropy, 
RD, and ADC maps were generated automatically. A free-hand 
region of interest (ROI) based technique was used utilizing the DTI 
data. The ROIs were placed on color-coded FA maps by 10 years of 
experienced neuroradiologists (YK) in all subjects. ROIs’ placement 
and size were standardized bilaterally for each location. Depending 
on the location, the average size of ROI was between 10 and 15 
mm2. Correct placement of ROIs in the relevant anatomical area was 
ensured using reference T1- and T2-weighted images. Anatomical 
locations we examined were: CN, SON, LL, MGB, auditory radiation 
(AR), Heschl’s gyrus (HG), inferior fronto-occipital fasciculus (IFOF), 
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superior longitudinal fasciculus (SLF), and corpus callosum sple-
nium (CCS) (Figures 1-9). We placed 1 ROI on the splenium of the 
corpus callosum and 2 ROIs bilaterally on other locations. Region 
of interest diameters placed symmetrically were adjusted to be 
almost identical to each other. We measured the cochlear nerve's 
cross-sectional area on the sagittal-oblique plane perpendicular 
to its long axis in the distal internal auditory canal on CISS images 
(Figures 10 and 11).

Statistical Analysis
Mean and standard deviation (SD) were used for descriptive statis-
tics. The distribution of variables was checked with the Kolmogorov–
Smirnov test. Independent samples t-test and Mann–Whitney U-test 

were used to compare quantitative data. The chi-square test was 
used for the comparison of qualitative data. Spearman correlation 
analysis was used in the correlation analysis. A P ≤ .05 was consid-
ered statistically significant. All statistical analyses were performed 
using Statistical Package for the Social Sciences (SPSS) version 28.0 
software for Windows (IBM SPSS Corp., Armonk, NY, USA).

RESULTS
Region of interest-based analysis of DTI metrics for the SNHL patient 
and control groups were compared. The mean values and the statistical 
analyses of FA, ADC, and RD for each auditory location (CN, SON, LL, 
MGB, AR, HG, IFOF, SLF, and CCS) are summarized in Table 1. ADC val-
ues are higher in the patient group, and the difference is statistically 

Figure 1. The region of interests on the cochlear nucleus (CN) on color-coded 
maps.

Figure  2. The region of interests on the superior olivary nucleus (SON) on 
color-coded maps.

Figure 3. The region of interests on the lateral lemniscus (LL) on color-coded 
maps.

Figure  4. The region of interests on the medial geniculate body (MGB) on 
color-coded maps.
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significant between the patient and the control group in all places 
(Figure 12). Radial diffusivity values are higher in the patient group, 
and the difference is statistically significant between the patient and 
the control group in all places except MGB (Figure 13). The mean FA 
value of the patient group was found to be significantly lower in the 
patient group compared to the control at LL, AR, HG, IFOF, SLF, and 
CCS (Figure 14).

We evaluated correlations between the DTI metrics of each location 
and the ages of each group (Table 2). In both the patient and control 
groups, FA values of all locations were positively correlated with age. 
ADC and RD values of all locations were negatively correlated with 
age in the patient and the control groups.

The cochlear nerve cross-sectional area was lower in the patient 
group (0.88 ± 0.29) than in the control group (1.18 ± 0.14) (P < .001). 
The cochlear nerve area had a significantly positive correlation with 
age in the patient group (P < .001) but had no significant correlation 
in the control group. The cochlear nerve cross-sectional area has a 
positive correlation with FA values of all locations except FA values 
of MGB and a negative correlation with ADC and RD values (Table 3).

DISCUSSION
In DTI metrics, FA is considered a sensitive marker in demonstrating 
the white matter's axonal myelination and microstructural integrity.17 
Therefore, it has been reported that it can be used to evaluate neuro-
degenerative diseases that may disrupt the microstructural integrity 

Figure  5. The region of interests on the auditory radiation (AR) on color-
coded maps. 

Figure 6. The region of interests on the Heschl’s gyrus (HG) on color-coded 
maps. 

Figure  7. The region of interests on the inferior fronto-occipital fasciculus 
(IFOF) on color-coded maps. 

Figure 8. The region of interests on the superior longitudinal fascicle (SLF) on 
color-coded maps.
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of the CNS.18 In cases with SNHL, a decrease in FA value was found, 
suggesting microstructural changes along the auditory pathway.10,19 
Reduced FA in different brain locations may indicate neural damage 
at different points in SNHL patients.10 In our study, the FA values of 

Figure 9. The region of interest on the corpus callosum splenium (CCS) on 
color-coded map.

Figure 10. Cochlear nerve .

Figure 11. Cochlear nerve area measurement .

Table 1. Statistical Analysis of DTI Metrics and Cranial Nerve Area Measure

Control Group Case Group
P

Mean ± SD Mean ± SD

CN

ADC mean 826.3 ± 80.1 861.5 ± 71.1 <.001

FA mean 304.2 ± 53.7 299.0 ± 62.0 .528

RD mean 689.5 ± 80.9 712.8 ± 85.8 .001

SON

ADC mean 844.7 ± 41.8 885.6 ± 68.6 <.001

FA mean 286.2 ± 61.4 272.6 ± 75.9 .168

RD mean 711.8 ± 57.9 754.2 ± 86.3 <.001

LL

ADC mean 797.9 ± 48.3 834.5 ± 61.5 <.001

FA mean 533.7 ± 79.9 462.6 ± 105.4 <.001

RD mean 529.2 ± 80.9 598.0 ± 102.8 <.001

MGB

ADC mean 818.4 ± 59.5 854.7 ± 108.5 .001

FA mean 300.2 ± 49.8 307.1 ± 57.7 .368

RD mean 689.6 ± 62.0 704.9 ± 88.3 .065

AR

ADC mean 885.6 ± 85.0 918.3 ± 82.3 .001

FA mean 363.2 ± 75.2 319.0 ± 80.3 <.001

RD mean 705.3 ± 92.3 758.3 ± 101.2 <.001

HG

ADC mean 908.1 ± 81.8 946.2 ± 81.2 <.001

FA mean 161.9 ± 43.7 141.4 ± 34.2 <.001

RD mean 833.1 ± 82.1 872.3 ± 96.5 <.001

IFOF

ADC mean 895.5 ± 106.1 969.2 ± 114.3 <.001

FA mean 515.2 ± 67.7 481.6 ± 79.1 .002

RD mean 615.7 ± 89.1 683.6 ± 126.1 <.001

SLF

ADC mean 821.3 ± 85.7 859.5 ± 78.4 .001

FA mean 476.3 ± 79.7 398.6 ± 79.6 <.001

RD mean 582.9 ± 94.5 661.0 ± 99.1 <.001

CCS

ADC mean 910.2 ± 132.6 1038.9 ± 184.5 <.001

FA mean 751.0 ± 91.5 648.9 ± 107.9 <.001

RD mean 418.8 ± 157.0 599.1 ± 216.2 <.001

Cranial nerve area, mm² 1.18 ± 0.14 0.88 ± 0.29 <.001

Statistically significant data with P < .05 are bolded.
ADC, apparent diffusion coefficient; AR, auditory radiation; CCS, corpus callosum sple-
nium; CN, cochlear nucleus; DTI diffusion tensor imaging; FA, fractional anisotropy; HG, 
Heschl’s gyrus; IFOF, inferior fronto-occipital fasciculus; LL, lateral lemniscus; MGB, medial 
geniculate body; RD, radial diffusivity; SLF, superior longitudinal fasciculus; SON, superior 
olivary nucleus.
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Figure 12. Comparative plot of ADC values between patient and control.

Figure 13. Comparative plot of RD values between patient and control.

Figure 14. Comparative plot of FA values between patient and control.
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the patient group were lower than the control group, which was sta-
tistically significant at LL, AR, HG, IFOF, SLF, and CCS. In addition, we 
did not notice a statistically significant difference in FA values at CN, 
SON, and MGB. Wang et al20 and Kim et al21 did not find a significant 
difference in FA values at MGB. We concluded that inaccurate ROI 
locations would have caused these statistically insignificant results. 
As the exact locations of small anatomical nuclei can be difficult 
to identify accurately, ROI placements may not always be optimal. 
Lateral lemniscus, AR, HG, IFOF, SLF, and CCS are white matter tracts 
with a longitudinal orientation, which could be defined in multiple 
slices. This might provide more accurate ROI placement. Chang et 
al,10 in their pilot study about DTI, claimed that the FA on the auditory 
pathway is lower in the patient group. The FA value in the LL and IC 
(inferior colliculus) of patients with SNHL was also decreased in Lin 
et al’s4 study compared to controls. Different studies compared RD 
and ADC values in addition to FA, as in our study. Wang et al20 also 

compared RD by FA at different locations of the auditory pathway 
but found no significant difference between the patient and the con-
trol groups. There is an inversely proportional relation between FA 
and RD or ADC at different locations in our study. In locations where 
FA was low in the patient group, RD and ADC were high. Li et  al22 
showed that auditory deprivation caused a decrease in FA values in 
the auditory cortex and corpus callosum and argued that this was 
mainly due to higher RD. RD is indicative of changes associated with 
myelination.23 The increased RD may be due to myelin degeneration 
resulting from the decreased functional activity.10 The decrease in FA 
was accompanied by an increase in RD, suggesting a dysmyelinat-
ing process. Fibers passing through the CCS show an extension to 
the bilateral temporal cortex. Decreased connectivity between the 
bilateral auditory cortices may cause reduced FA and increased RD in 
CCS. Kim et al21 found low FA values of the auditory pathway but did 
not find a significant difference in ADC values in the patient group. 
On the contrary, we have found significantly higher ADC values in 
the patient group compared to the control group at all defined loca-
tions of the auditory pathway (P < .05). The increase in ADC has been 
reported to reflect edema, inflammation, deterioration of neural fiber 
integrity, and myelin or axonal integrity and may indicate microstruc-
tural changes in nerve fibers such as decreased FA.24 

Bilateral moderate-to-profound hearing impairment is a common 
congenital disability with an incidence of 1-3 per 1000 newborns. The 
deprivation of hearing has a negative impact on language acquisi-
tion, school integration, and mental development. Numerous stud-
ies have proven the feasibility and effectiveness of hearing screening 
protocols. According to the Joint Committee on Infant Hearing (2007), 
all infants should be screened in the first month of age.25 In acquiring 
speech functions after a cochlear implant, the relationship between 
auditory and speech centers is as well as auditory pathway function. 
The auditory pathway functions and their relations with the speech 
center should be adequately evaluated. The dorsal and ventral 
streams have been identified as essential for preserving the dynamic 
language network. The SLF is a part of the dorsal stream, and IFOF is 
a part of the ventral stream. The SLF establishes the tempo ral-p ariet 
al-fr ontal , and the IFOF establishes the occip ital– tempo ral–f ronta l 
connections. The dorsal stream oversees auditory-motor integration, 
and the ventral stream manages speech recognition.26 The FA, ADC, 
and RD values of patients in SLF and IFOF were statistically different 
from the control group in our study. Kim et al15 found decreased FA 
values from the SLF and IFOF in patients, consistent with our results. 
Also, in the present study, we have found a statistically significant 
age-dependent increase of FA with an accompanying decrease of RD 
and ADC in both groups. In Park et al’s27 study, on the contrary, the 
correlations between age and FA values of SLF and IFOF were more 
robust in the DEAF(prelingually deaf children) group.

Researchers reported that the peak synaptic density in children with 
normal hearing is at 2-4 years. Dysfunctional synapses are reduced, 
reflecting the brain's customization of its functions to adapt to cur-
rent conditions.28 FA change of white matter tracts generally con-
sists of 3 stages: rapid changes in the first year, slow changes in the 
second year, and relative stability after 24 months.29 The age-related 
growth of white matter tracts may continue until 8 years in prelin-
gually deaf children.27 Our results were also consistent with these 
previous reports supporting the maturation of neural structure of 
auditory pathway with aging leading to reduced FA and concurrently 

Table 2. Correlation Analysis between Age and DTI Parameters

Control Group Case Group

r P r P

CN ADC mean −0.550 <.001 −0.522 <.001

CN FA mean 0.354 <.001 0.537 <.001

CN RD mean −0.537 <.001 −0.680 <.001

SON ADC mean −0.346 .001 −0.582 <.001

SON FA mean 0.422 <.001 0.592 <.001

SON RD mean −0.413 <.001 −0.671 <.001

LL ADC mean −0.584 <.001 −0.602 <.001

LL FA mean 0.552 <.001 0.589 <.001

LL RD mean −0.599 <.001 −0.665 <.001

MGB ADC mean −0.702 <.001 −0.623 <.001

MGB FA mean 0.344 .001 0.316 .001

MGB RD mean −0.741 <.001 −0.606 <.001

AR ADC mean −0.757 <.001 −0.809 <.001

AR FA mean 0.215 .037 0.627 <.001

AR RD mean −0.668 <.001 −0.862 <.001

HG ADC mean −0.704 <.001 −0.758 <.001

HG FA mean 0.304 .003 0.272 .004

HG RD mean −0.676 <.001 −0.688 <.001

IFOF ADC mean −0.550 <.001 −0.728 <.001

IFOF FA mean 0.505 <.001 0.669 <.001

IFOF RD mean −0.594 <.001 −0.772 <.001

SLF ADC mean −0.842 <.001 −0.780 <.001

SLF FA mean 0.332 .001 0.650 <.001

SLF RD mean −0.690 <.001 −0.808 <.001

CCS ADC mean −0.633 <.001 −0.631 <.001

CCS FA mean 0.560 <.001 0.414 .002

CCS RD mean −0.612 <.001 −0.555 <.001

Statistically significant data with P < .05 are bolded.
ADC, apparent diffusion coefficient; AR, auditory radiation; CCS, corpus callosum sple-
nium; CN, cochlear nucleus; DTI, diffusion tensor imaging; FA, fractional anisotropy; HG, 
Heschl’s gyrus; IFOF, inferior fronto-occipital fasciculus; LL, lateral lemniscus; MGB,  
medial geniculate body; RD, radial diffusivity; SLF, superior longitudinal fasciculus;  
SON, superior olivary nucleus.
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increased RD and ADC. Age-related microstructural changes occur in 
the elderly patient's central auditory system too. These changes are 
more pronounced in patients with presbycusis.30 The leading cause of 
hearing loss in presbycusis cases is the peripheral (cochlear) compo-
nent changes.31 Some studies have shown that there are additional 
changes that DTI can detect in the central part of the auditory system 
in presbycusis cases.31,32 However, it has been argued that the extent 
of hearing loss does not play an essential role in these changes.31 
There has yet to be a clear consensus on the results of these studies. 
While some studies did not detect significant changes in FA values in 
the auditory cortex, it was found in some studies.30-32

We found that the cochlear nerve cross-sectional area was lower in 
the patient group (0.88 ± 0.29) than in the control group (1.18 ± 0.14) 
(P < .001). Considering that the cochlear nerve cross-sectional area 
is also composed of axons, this finding is an expected result reflect-
ing the thinning of non-s timul us-co nduct ing pathways. The cochlear 
nerve cross-sectional area positively correlated with FA values in all 
locations other than SON and MGB. 

There are some limitations in the current study. Our patient popula-
tion is composed of cochlear implant candidates. Because most of 
them had profound hearing loss, we could not separate the SNHL 
patients according to the severity and the duration of hearing loss. 
We evaluated cases with bilateral hearing loss. Therefore, we could 
not compare the auditory pathways of both sides. The small and 
complex structures of the auditory pathway had potential pitfall for 
partial volume effects. Therefore, there are some difficulties in isolat-
ing structures with indistinct borders, such as the CN and MGB, from 
other important brainstem nuclei. Only 1 rater was responsible for 
determining the ROI. Using more than 1 rater would help evaluate 
the inter-rater reliability.

DTI is a method that can be used to reflect functional changes in the 
auditory pathway in patients with SNHL. Decreased FA values and 
increased ADC and RD values at different auditory pathway locations 
likely reflect the white matter microstructural changes in SNHL. The 
age-related changes in DTI parameters support the temporal matu-
ration of white matter. Furthermore, the correlation of the cochlear 
nerve area with the DTI parameters indicates that axonal nerve 
degeneration also affects the cochlear nerve.
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LL RD MEAN −0.328 <.001 SLF RD MEAN −0.424 <.001

MGB ADC MEAN −0.267 <.001 CCS ADC MEAN −0.364 <.001

MGB FA MEAN 0.089 .207 CCS FA MEAN 0.358 <.001

MGB RD MEAN −0.226 .001 CCS RD MEAN −0.373 <.001

AR ADC MEAN −0.374 <.001

AR FA MEAN 0.308 <.001

AR RD MEAN −0.397 <.001

Statistically significant data with P < .05 are bolded.
ADC, apparent diffusion coefficient; AR, auditory radiation; CCS, corpus callosum splenium; CN, cochlear nucleus; DTI, diffusion tensor imaging; FA, fractional anisotropy; 
HG, Heschl’s gyrus; IFOF, inferior fronto-occipital fasciculus; LL, lateral lemniscus; MGB, medial geniculate body; RD, radial diffusivity; SLF, superior longitudinal  
fasciculus; SON, superior olivary nucleus.
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