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Introduction: Hearing loss is the most common sensory-neurological defect in humans. The 
most common hearing impairment is sensorineural hearing loss (SNHL) caused by the inner 
ear and related nerves. Diffusion tensor imaging (DTI) is an advanced MRI technique that 
can provide valuable information about auditory neural pathways and their microstructural 
changes. The present study was designed to investigate the microstructural changes in auditory 
pathways-related fiber tracts in children with SNHL. 

Methods: Twenty-two children including 11 subjects with SNHL aged 1-4 years and 11 
healthy children were examined as controls. Then, DTI-derived parameters, such as fractional 
anisotropy (FA), mean diffusivity (MD), axial diffusivity (AxD), and radial diffusivity (RD), 
and volume of fiber tracts were extracted from the inferior longitudinal fasciculus, acoustic 
radiation, and uncinate fasciculus. 

Results: The results showed an increase in MD, RD, and AxD as well as a decrease in FA, 
volume, and diameter of auditory-pathway-related fiber tracts. Interestingly, there was an 
increase in the FA of acoustic radiation.

Conclusion: White matter connections in the auditory canal decrease and AR integrity 
increases due to compensatory effects. These probably reflect atrophy or degradation as well 
as compensatory cross-modal reorganization in the absence of auditory input and the use of 
sign language.
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1. Introduction

earing loss is one of the most common 
diseases globally. There are two types of 
hearing loss: Conductive and sensorineural 
hearing loss (Zahnert, 2011). Sensorineu-
ral hearing loss (SNHL) is the most fre-

quent congenital sensory deficit in children, affecting six 
in 1000 by age 18 (Huang et al., 2012). It mostly occurs 
as a result of changes in neural pathways and inner ear 
dysfunction caused by prenatal and postnatal infection 
(Chen & Oghalai, 2016). The prevalence of SNHL is 
about seven per 100,000 for younger children (Wellman 
et al., 2003), 75% of whom are younger than two years, 
15% are 2–5 years, and 10% are older than five years 
(Koomen et al., 2003). However, SNHL is mainly associ-
ated with developmental delay and its underlying patho-
physiological mechanisms are not yet well understood. 
Because sensory input plays a crucial role in human brain 
functionality, the early hearing deficit can affect the au-
ditory cortex and its white matter fiber tracts, leading to 
cognitive decline in many domains, including language 
and learning (Oberg & Lukomski, 2011). Therefore, in 
order to prevent potential cognitive declines, and better 
treatment and assessment of cochlear implant candidacy, 
early detection of the brain microstructural changes is 

crucial (Seydell-Greenwald et al., 2014). With the con-
tinuous development of magnetic resonance technology, 
magnetic resonance imaging (MRI) has become a prom-
inent modality to evaluate white matter lesions in the 
central nervous system. Diffusion tensor imaging (DTI) 
is an emerging MRI-based modality that can reveal mi-
crostructural changes in white matter pathways using 
specific parameters, such as mean diffusivity (MD) and 
axial diffusivity (AxD) which are assumed to reflect the 
breakdown of microstructural barriers and axonal dam-
age (Qian et al., 2018). Radial diffusivity (RD) is specifi-
cally associated with myelin degeneration, and fractional 
anisotropy (FA) measures white matter integrity. DTI 
plays a key role in detecting early white matter changes 
associated with hearing loss (Tarabichi et al., 2018). The 
aim of the present study was to investigate the structural 
connectivity alterations in the brain white matter tracts 
of the auditory network in infants with bilateral profound 
SNHL who are under four years of age.

2. Materials and Methods

Subjects

A total of 22 subjects, including 11 children aged 1-4 
years with SNHL leading to bilateral hearing loss and 

Highlights 

• Diffusion tensor imaging (DTI) plays an important role in preoperative planning.

• Anatomical knowledge of the auditory tract is essential for lacrimal drainage surgeries, such as cochlear implantation.

• DTI-based biomarkers for brain changes and allows us to better understand the pathophysiological changes of audi-
tory tract.

• Microstructural changes in the fiber tracts associated with the auditory pathway can distinguish sensorineural hear-
ing loss (SNHL) from healthy subjects.

Plain Language Summary 

Sensorineural hearing loss (SNHL) is the most common type and accounts for the majority of all hearing loss. SNHL 
is a congenital deficit and refers to any cause of hearing loss due to a pathology of the cochlea, auditory nerve, or 
central nervous system. One of the chief treatment planning is cochlear implant for these patients. So, it is necessary 
to evaluate the auditory system by imaging devices such as MRI (magnetic resonance imaging) before treatment. Dif-
fusion tensor imaging tractography, or diffusion tensor imaging (DTI) tractography, is an MRI technique that measures 
the rate of water diffusion between cells to understand and create a map of the body's internal structures; it is most 
commonly used to provide imaging of the brain. The purpose of the present research was to assess the auditory system 
and its nerve routs in children before cochlear implant. This study showed that DT imaging is a novel approach for 
assessment of children with SNHL before and treatment.
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11 age-matched controls were examined in this study. 
The patients were consecutively recruited. The healthy 
controls were recruited through local advertisements. In-
clusion criteria were no structural abnormalities of the 
auditory system detected in conventional MRI images 
before DTI and no previous history of otological surgery. 
All subjects underwent audiometry, MRI, and DTI scan-
ning (Table 1).

MRI protocol

Participants underwent a 3D T1-weighted BRAVO 
protocol, using a 1.5 T Optima MR 450w imager (GE, 
Milwaukee, WI, USA) with a 12-channel head coil. 
Whole-brain 3D T1-weighted images were obtained 
with the following imaging parameters: TR=1002 ms, 
TE=4.3 ms, voxel size=1×1×1 mm3, the field of view 
(FOV)=220 mm, flip angle=12°, and slice thickness=1 
mm with no gaps. DTI data were obtained in the axial 
plane using a single-shot diffusion-weighted imaging 
sequence with 64 directions and the following parame-
ters: b-value of 1000 s/mm2, TR=9275 ms, TE=79.3 ms, 

voxel size=1.09×1.09×2.4, 75 slices, slice thickness=2.4 
mm, FOV=245 mm, and matrix size=256×256.

Image processing and tractography

DTI studio (Latest×64 bit version of DTI Studio, Johns 
Hopkins University) was used for preprocessing and 
deterministic fiber tracking. The atlas-based tractogra-
phy was performed. The three main auditory pathway-
related fibers, including acoustic radiation (AR), unci-
nate fasciculus (UF), and inferior longitudinal fasciculus 
(ILF) were selected. The tractography was done with 
a step size of 0 mm, minimum fiber length of 30 mm, 
and turning angle threshold of 60 (Figures 1, 2, 3 and 4). 
The DTI-derived parameters, FA, MD, axial diffusivity 
(AxD), and radial diffusivity (RD) were extracted from 
each tract. Also, the mean length and diameter of all fiber 
tracts were calculated automatically using morphologi-
cal assessment of Tensor.

Table 1. Clinical and demographic data of participants (n=10)

Variables
Mean±SD

Control Group Sensorineural Hearing Loss Group

Age (y) 2.36±1.08 2.54±0.8

Male/Female 6/5 6/5

Figure 1. An example of the tractography of the acoustic radiation
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Statistical analysis

Data were analyzed by SPSS software, version 20. The 
comparisons of demographic and clinical data between 
two the groups in terms of imaging parameters and proof 
of hypotheses were performed using the paired t-test. 
The threshold for establishing significance was set at 
P<0.05.

3. Results

There was an increase in FA (P<0.0001) a decrease in 
RD (P<0.05) and a decrease in mean length and volume 
in the right and left AR tracts (P<0.0009). The decreased 
volume of right and left UF tracts (P<0.00025), includ-

ing reduced trunk volume (P<0.0001) and reduced mean 
length (P<0.0001) were evident. A decrease in trunk vol-
ume and a decrease in the length (P<0.0011) and diam-
eter of the right and left ILF (P<0.00024) as well as a de-
crease in FA and an increase in MD and RD parameters 
were seen in these tracts (P<0.0001) (Table 2, Figure 5).

4. Discussion

Radiological evaluation of children and adults with 
SNHL is usually performed by computed tomography 
(CT) or MRI to examine the temporal and retro-cochlear 
bone (Sterling et al., 2018). Although conventional and 
structured MRI is highly sensitive for the diagnosis of 
congenital anomalies, tumors of the internal auditory 

Figure 2. An example of the tractography of the uncinate fasciculus

Figure 3. An example of the tractography of the inferior longitudinal fasciculus
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canal, and cochlear nerve anatomy, it does not pro-
vide information about the central auditory pathway 
(Glastonbury et al., 2002). DTI imaging is an MRI-based 
technique that can provide microstructural information 
about white matter connections in the central nervous 
system. The key to the usefulness of this imaging mo-

dality is the ability to detect changes and properties of 
white matter and brain tissue at the microscopic level. 
Disruption of biological barriers, such as myelin and cell 
membranes, which normally restrict the motion of water 
molecules, leads to measurable changes in the diffusion 
of water molecules (Uluǧ et al., 1999). Over the past five 

Table 2. The significance of the auditory tracts in the normal and SNHL groups

Track Name Parameter Unit
Mean

P
Control Group SNHL Group

Acoustic_radiation_R FA None 0.32 0.38 8.114E-05

Acoustic_radiation_L FA None 0.3 0.35 0.0003913

Acoustic_radiation_R RD 10-3 mm2/sec 0.95 0.78 0.0004991

Acoustic_radiation_L Length mm 48.94 38.51 0.0006388

Acoustic_radiation_L Trunk volume mm3 274.16 85.18 0.0008113

Uncinate_fasciculus_R Length mm 59.86 47.39 0.000107

Uncinate_fasciculus_L Diameter mm 8.11 7.53 8.152E-05

Uncinate_fasciculus_R Trunk Volume mm3 135.12 34.74 8.152E-05

Uncinate_fasciculus_R Volume mm3 2728.15 1848.49 0.0002358

Uncinate_fasciculus_L Volume mm3 2210.47 1767.72 0.0002358

Inferior_longitudinal_fasciculus_R MD 10-3 mm2/sec 0.91 0.99 8.152E-05

Inferior_longitudinal_fasciculus_R RD 10-3 mm2/sec 0.74 0.85 8.152E-05

Inferior_longitudinal_fasciculus_R Length mm 73.13 65.76 0.0010262

Inferior_longitudinal_fasciculus_L Diameter mm 10.84 9.34 8.152E-05

Inferior_longitudinal_fasciculus_R Diameter mm 11.4 9.63 0.0002358

Abbreviation: FA: Fractional anisotropy; MD: Mean diffusivity; RD: Radial diffusivity; SNHL: Sensorineural hearing loss group.

Figure 4. An example of acoustic radiation in patients with SNHL and healthy controls 

There is a significant decrease in fiber volume in the left and right AR in a patient with SNHL.
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years, studies on the application of DTI in the evaluation 
of auditory white matter pathways have been increasing 
rapidly. The present study was done to evaluate the vol-
ume and characteristics of white matter in the auditory 
pathway-related fiber tracts in children with SNHL.

UF

This area is the largest pathway of the association fi-
ber tract, which connects the frontal lobe to the temporal 
lobe. This area is said to be part of the limbic system. 
It plays a major role in language production (Von Der 
Heide et al., 2013). However, various studies have sug-
gested the role of this tract in the processing of auditory 
information (Chern et al., 2020). Many studies have 
shown a decrease in white matter integrity in UF in pa-
tients with SNHL (Croll et al., 2020). In a study on the 
combined DTI and FMRI, a decrease in FA in UF was 

found in patients with SNHL aged 1-4 years compared 
to the normal group (Wang & Fan, 2019; Wang et al., 
2020). It should be noted that there are many studies, 
in which the FA parameter was not significant in dif-
ferentiating the two groups (Huang et al., 2015). In the 
present study, which examined the volume and charac-
teristics of UF, a decrease in total volume, trunk volume, 
and diameter, and also a decrease in length was seen in 
this tract, which indicates the loss of some nerve fibers 
due to atrophy in this area. It has been shown that this 
damage leads to a decrease in the proper functioning of 
the auditory sense, resulting in hearing impairment. AxD 
value increased in this area, indicating a decrease in my-
elin sheath of white matter, atrophy, and integrity in this 
area (Figure 6).

AR

AR contains a group of highly myelinated axons and is 
one of the main sensory pathways in the brain that trans-
mit auditory information from the thalamus to the audi-
tory cortex. More precisely, the central auditory pathway 
begins in the cochlear branch of the eighth nerve of the 
brain and sends auditory information through the inter-
nal capsule to the temporal cortex (Hernández-Zamora 
& Poblano, 2014). AR has been very difficult to study 
due to its complex anatomy. With the advent of DTI, 
the study of this neural pathway in three dimensions has 
been facilitated, but still, the tractography of this area is 
challenging (Langguth et al., 2010). In younger patients 
with congenital deafness, many studies have been per-
formed on volumetric measurement of auditory-related 
areas (Shibata et al., 2007). However, there are few 
studies on microstructural alterations in AR in hearing-
related diseases, especially SNHL. In addition, AR trac-

Figure 6. An example of uncinate fasciculus in patients with SNHL and healthy controls 

The reduction in fiber volume and diameter of uncinate fasciculus is seen in subjects with SNHL.

Figure 5. The significant difference in fractional anisotro-
py parameters of the right acoustic radiation between the 
groups
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tography may be potentially helpful in assessing the in-
tegrity of the auditory pathway before and after cochlear 
implantation. Previous studies have reported a decrease 
in FA of the AR in patients with SNHL (Huang et al., 
2015). In the present study, which examined the volume 
and diffusion characteristics of AR, the FA parameter 
showed the highest level of significance in differentiat-
ing the two groups from each other. It should be noted 
that the total volume, trunk volume, and length of this 
tract decreased, which indicates the existence of a spe-
cific pathology in the field of hearing. A very interesting 
finding in this study was the increase in FA. It indicates 
an increase in the integrity of this tract, as well as a de-
crease in MD, AxD, and RD, suggesting an increase in 
myelin and increased integrity in this area. The cause of 
this phenomenon can be a compensatory effect against 
the atrophy of the auditory pathways. To compensate for 
the effect of the damage, this tract started to remyelinate 
to be the most efficient with the least volume. There are 
few studies in this field regarding the increase in FA in 
AR (Lin et al., 2008). 

ILF

This fiber tract connects the occipital lobe to the ante-
rior part of the temporal lobe. This fiber overlaps with 
the UF in the anterior part and participates in the trans-
mission of auditory information to the orbitofrontal part 
of the brain. This fiber is one of the pathways related 
to visual and linguistic information processing. DTI in 
combination with magnetoencephalography studies has 
shown its role in auditory processes and voice-language 
learning tests (Shin et al., 2019). In other words, ILF 
integrates information from the auditory and speech ar-
eas in the cortex (Mcmaster et al., 2011). Some studies 

on SNHL have shown a reduction in FA of ILF (Huang 
et al., 2015; Wang & Fan 2019). In the present study, 
a decrease in overall volume, trunk volume, diameter, 
and length was observed in ILF, indicating a decrease in 
nerve fibers due to atrophy, leading to hearing disorders. 
MD, RD, and AxD values increased, indicating a reduc-
tion in myelin sheath, atrophy, and integrity in this area 
(Figure 7).

5. Conclusion

In conclusion, the present study showed that micro-
structural changes in the fiber tracts associated with the 
auditory pathway can distinguish SNHL from healthy 
subjects. This study provides DTI-based biomarkers 
for brain changes and allows us to better understand the 
pathophysiological changes of related diseases. DTI is 
an emerging tool for evaluating the affected white matter 
and compensatory action related to the auditory system 
in patients with SNHL. 
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