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Abstract

Objectives: Epileptic patients suffer from seizure recurrence after surgery due

to the challenging localization. Improvement of the noninvasive imaging-based

approach for a better definition of the abnormalities would be helpful for a bet-

ter outcome. Methods: The quantitative anisotropy (QA) of diffusion spectrum

imaging (DSI) is a quantitative scalar of evaluating the water diffusivity. Herein,

we investigated the association between neuronal diameters or density acquired

in literature and QA of DSI as well as the seizure localization in temporal lobe

epilepsy. Thirty healthy controls (HCs) and 30 patients with hippocampal scle-

rosis (HS) were retrospectively analyzed. QA values were calculated and interac-

tively compared between the areas with different neuronal diameter/density

acquired from literature in the HCP-1021 template. Diagnostic tests were per-

formed on Z-transformed asymmetry indices (AIs) of QA (which exclude phys-

ical asymmetry) among HS patients to evaluate its clinical value. Results: The

QA values in HCs conformed with different pyramidal cell distributions ranged

from giant to small; corresponding groups were the motor-sensory, associative,

and limbic groups, respectively. Additionally, the QA value was correlated with

the neuronal diameter/density in cortical layer IIIc (correlation coefficient with

diameter: 0.529, p = 0.035; density: −0.678, p = 0.011). Decreases in cingulum

hippocampal segments (Chs) were consistently observed on the sclerosed side

in patients. The area under the curve of the Z-transformed AI in Chs to the lat-

eralization of HS was 0.957 (sensitivity: 0.909, specificity: 0.895). Interpreta-

tion: QA based on DSI is likely to be useful to provide information to reflect

the neuronal diameter/density and further facilitate localization of epileptic

tissues.

Introduction

Epilepsy is one of the most common neurological disor-

ders worldwide.1,2 Although epilepsy causes aberrant

electrical discharges, it is molecularly associated with

abnormal local gamma-aminobutyric acid/glutamatergic

neuronal activity.3 Malfunction of microscale networks,

such as neuron-glia interaction networks,4 plays a vital

role in the process of seizure priming3; however, these

microscale gray matter abnormalities are often challenging

to detect in humans. Localizing the epileptogenic focus is

challenging during presurgical evaluation; even experts

at best achieve 50% accuracy if only routine magnetic

resonance images (MRI) are used as references.5 Thus,
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approaches that can evaluate the gray matter components

are needed.

Diffusion tensor imaging can evaluate water molecule

diffusion anisotropy in the living brain and has been used

to evaluate epileptic connectomes.6 It has also been intro-

duced to investigate microanatomic properties in epileptic

disease7; The human neocortex comprises six laminae,8–11

with pyramidal, granule, and fusiform cells distributed

among these layers; specifically, layer III and layer V were

named as external and internal pyramidal layers.12–14

Laminar components differ between subregions; in partic-

ular, the majority of white matter comprises pyramidal

cell (PC) axons. Giant PCs, primarily distributed among

the Rolandic areas and visual and acoustic cortices, are

neurons that typically conduct faster, project over longer

distances, and are involved with primary function. Smal-

ler PCs, mainly located in the frontal lobe and temporo-

parieto-occipital areas, conduct slower and primarily deal

with higher brain functions. Hippocampal PCs have also

been comprehensively explored; notably, their neuronal

diameter is greater on the left side.15 PCs account for

75% and 80% of the total gray matter neurons and white

matter is mainly composed of PC axons16; hence, deter-

mining the components or abnormalities of the gray mat-

ter by quantifying the properties of white matter may be

feasible. This might be of clinical value, especially for dis-

eases such as hippocampal sclerosis (HS), which includes

PC losses.17

However, DTI only assesses the average fiber orienta-

tion in a voxel. Diffusion spectrum imaging (DSI) is a

recently developed approach that acquires enormous

white matter diffusion directions within a voxel. Quanti-

tative anisotropy (QA) derived from DSI can quantify

complex distributions of intravoxel directions; therefore,

DSI may be valuable in the assessment of tissue proper-

ties.18 Temporal lobe epilepsy (TLE) is the most common

type of epilepsy. TLE 30%–40% of the patients are MRI

negative, while approximately 15%–20% of the patients

still have residual seizures.19 Therefore, identifying the tis-

sue properties of TLE for a better localization might be of

great value for clinical practice. In our previous study of

small sample data, we got a preliminary impression that

temporal local QA is beneficial for seizure localization.20

In this study, we first evaluated the accuracy of the DSI

QA revealing the tissue properties with comparison to

cellular data from previous studies,12,21 then we quantified

the efficiency of the DSI QA in lateralizing the epileptoge-

nesis in patients with TLE.

Materials and Methods

This retrospective study included 30 healthy controls

(HCs) and 30 mesial TLE patients with unilateral HS (19

left, 11 right) enrolled between October 2019 and January

2021 at our radiological department; detailed clinical data

are shown in Table 1 and Table S1. The healthy volun-

teers were enrolled from the university campus and evalu-

ated by two experienced radiologists and two neurologists

to make sure that there were no neurological or mental

disorders. Two experienced neuroradiologists evaluated

the basic MRI images of the 30 patients with HS enrolled

in this study. Specifically, 22 of these patients’ basic MRIs

showed reduced hippocampal volume and increased sig-

nal intensity on the ipsilateral side with T2 FLAIR images,

while the other eight patients were MRI negative and

hard to diagnose using only basic MRI. Written informed

consent was obtained from all participants, and the insti-

tution’s ethical committee approved the study.

To observe the differences in extracted QA values across

groups with different pyramidal diameters and functions,

we first classified the subcortical regions of the JHU White

Matter Labels (1 mm) atlas in local HCs into groups of

motor/sensory, associative, and limbic fibers. The neuronal

diameter/density information in literature12,21 and QA of

different regions in the HCP-1021 template (https://pitt.

box.com/v/HCP1021-1mm) were analyzed to investigate

the association in normal brain tissues.

Patients with HS were enrolled, and the epileptogenic

foci of these patients was localized via pathological find-

ings or seizure freedom after treatment. The QA scalars

of the hippocampus were quantified using comprehensive

statistics to evaluate the global QA changes in HS

patients, and further forecast value to the HS lateraliza-

tion was observed. The flow diagram of the procedure is

shown in Figure 1.

Image acquisition

DSI results were acquired using a SIGNA Premier 3.0 Tesla

MRI scanner (GE Healthcare, Milwaukee, WI, USA) with a

Table 1. Demographic features of the population.

Variable HS (n = 30) HC (n = 30) p-value

Sex (M/F) 16/14 13/17 0.438

Age (y) 29.6 (14–53) 24.6 (19–33) 0.054

Age at epilepsy

onset (y)

16.6 (1–38) — —

Epilepsy duration (y) 12.9 (1–30) — —
Monthly seizure

frequency

(times/month)

>15, n = 5; 6–15,
n = 5; 3–5, n = 5;

1–3, n = 15

— —

HS laterality Left, n = 19;

Right, n = 11

— —

Abbreviations: HC, healthy controls; HS, hippocampal sclerosis.

Quantitative continuous variables: Mean, with range in parentheses.
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64-channel phased-array coil. The parameters were as

follows: echo time (TE) = 84.2 msec, repetition time

(TR) = 5589 msec, field of view = 224 mm × 224 mm,

voxel size = 2 × 2 × 2 mm3, maximum b-value = 7000

sec/mm2, total diffusion directions = 257, in-plane resolu-

tion = 2 mm, and slice thickness = 2 mm. T1 anatomical

reference images were acquired using high-resolution T1-

weighted magnetization-prepared rapid acquisition

gradient-echo sequences (TE = 2.69 msec, TR = 2477

msec, flip angle = 8°, isotropic 1.0-mm voxels).

DSI data analysis

We first reconstructed the spin distribution function18 in

all individual spaces using DSI Studio software (http://

dsi-studio.labsolver.org). The diffusion data were recon-

structed using generalized q-sampling imaging18 as previ-

ously described.22

ROI-based global quantification of QA values

Whole-brain level QA values were extracted, and the JHU

White Matter Labels (1 mm) atlas was used to parcel the

global white matter into 48 ROIs. The mean QA value of

each ROI was calculated using MATLAB (MathWorks,

Natick, MA, USA). Then, we compared the individual

QA values of different white matter ROIs in the HS

patients with the HCs, to determine if the presence of

white matters with low QA values outside the temporal

lobe was related to worse seizure outcomes.

Functional criteria for ROI classification

ROIs containing motor, sensory, auditory, or visual fibers

were parcellated into the motor/sensory (including fibers

associated with primary and secondary cortices) group

according to function,23 and these contained giant PC

Figure 1. Flow diagram. (A) In the HCP-1021 template, the QA values at the insertion of the subcortical white matter were compared with

neuronal diameter/density of the covering gray matter to observe their correlative relationship. (B) Thirty healthy participants and 30 HS patients

were enrolled. The JHU White Matter Labels (1 mm) atlas were used for segmentation. The mean QA value of each white matter ROI was

subsequently extracted. Finally, statistical analyses were performed, including the variation of QA values in HS patients and diagnostic

performance of QA value. HC, healthy controls, HS, hippocampal sclerosis, QA, quantitative anisotropy; ROI, region of interest.
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fibers.12 In contrast, the ROIs carrying fibers to the dorsal

prefrontal cortices, new cortical regions of the anterior

temporal lobe, and speech-related fibers were classified

into the associative group; these contained small PC

fibers. The limbic group included all segments of the cin-

gulum and fornix body (Table 2).24

Descriptive statistical analyses were performed to deter-

mine the global QA value differences between the motor-

sensory, associative, and limbic groups and the

hippocampus-related fibers. The significance (p < 0.05) of

these differences was determined using SPSS (Statistical

Package for the Social Sciences version 23; IBM, Armonk,

NY, USA).

Relationship between QA values and the
Von Economo-Koskinas atlas

We generated a QA map with the HCP-1021 template to

obtain an average QA distribution across a large population

and labeled it with the Von Economo-Koskinas atlas. The

atlas contains detailed cell diameters and density of different

layers concerning different brain subregions.12 An MRI

version of the atlas became available recently.21 With

FreeSurfer software (https://surfer.nmr.mgh.harvard.edu/

fswiki/DownloadAndInstall), we strictly defined the ROI of

brain regions to the insertion of subcortical white matter to

extract the mean QA value of different areas in the QA

map of the HCP-1021 average template, thereby facilitating

a quantified analysis between the QA and cellular parame-

ters. The average values of cell diameters and density

(Tables S2 and S3) and the laminar thicknesses of layers I,

II, IIIa, IIIb, IIIc, IV, Va, Vb, VIa, and VIb (these layers or

sub-layer have relatively articulate neuronal diameter/density

records) were compared with the mean QA values by Spear-

man correlation analysis in a region-by-region manner.

Patients’ diagnostic test

Thirty patients with HS were enrolled to evaluate the QA

in pathological brain tissues. We first plotted the violin

plot of patients. Subsequently, we calculated the asymme-

try index (AI) of QA value in ROIs and the mean and

standard deviation in HCs. AI was defined as follows:

AI ¼ L−Rð Þ= Lþ Rð Þ

where L and R represents the fiber tract QA value on the

left and right side, respectively. As the distribution of dif-

fusion scalars among different tracts was reported to be

asymmetrical in healthy people,25,26 Z-transformation was

performed on the AIs of patients using the mean�stan-

dard deviation in the previous step. To determine the

diagnostic value of these Z-scores during HS

lateralization, the AUC of each Z-score was calculated to

forecast the left and right sides.

Data availability

The data that support the findings of this study are available

from the corresponding author, upon reasonable request.

Results

Patient population

Temporal semiologies, including abdominal aura, absence

seizure, and automatism were observed in all 30 HS

Table 2. Fiber classification according to function in literature.

Groups Fibers Connections

MSG Body of corpus

callosum

Connecting bilateral Rolandic areas

MSG Cerebral peduncle Containing M1 and M2 fibers

MSG Posterior limb of

internal capsule

Containing motor and sensory

fibers

MSG Optic radiation Optic pathway

MSG Retrolenticular part of

internal capsule

Carrying the optic radiation

MSG Splenium of corpus

callosum

Connecting bilateral optic centrals

MSG Superior corona

radiata

Carrying pyt fibers

AG Anterior corona

radiata

Carrying fibers to anterior frontal

lobe

AG Anterior limb of

internal capsule

Carrying fibers to anterior frontal

lobe

AG Genu of corpus

callosum

Connecting bilateral anterior frontal

lobe

AG Posterior corona

radiata

Containing parietal fibers

AG Sagittal stratum Containing inferior fronto-occipital

fasciculus fibers dealing with

semantic processing

AG Superior longitudinal

fasciculus

Associated with speaking, tool use,

perspective taking, and empathy

AG Tapetum The tapetum curves anteriorly into

the temporal lobe, extending

almost to the tip of the

temporal horn just lateral to the

tail of the caudate nucleus

AG Uncinate fasciculus Connecting amygdala/medial

temporal structures and medial

prefrontal regions

LG cingulate segment of

the cingulum

Connecting frontal, parietal, and

occipital structures

LG hippocampal segment

of the cingulum

Connecting mesial temporal

structures

LG Body of the fornix Containing fibers directly efferent

from the hippocampus

Abbreviations: AG, associative group; LG, limbic group; MSG, motor-

sensory group; PyT, pyramidal tract.

ª 2022 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals LLC on behalf of American Neurological Association. 245

Z.-M. Wang et al. Diffusion Spectrum Imaging in Epilepsy

https://surfer.nmr.mgh.harvard.edu/fswiki/DownloadAndInstall
https://surfer.nmr.mgh.harvard.edu/fswiki/DownloadAndInstall


patients. All patients were lateralized, either via pathologi-

cal results or seizure freedom after treatment (Table 1).

Quantified DSI scalar in healthy participants

First, the QA values from the local HC dataset were

examined according to fiber group. The distribution of

PCs with different axonal diameters is shown in Fig-

ure 2A. The mean QA value of different participants in

the motor-sensory group was highest (QA: 0.192), fol-

lowed by the associative (QA: 0.156) and limbic (QA:

0.143) groups; these differences were significant (ANOVA:

F = 27.514, p < 0.001; Bonferroni corrected required p-

value of 0.017: p < 0.001 within associative and motor-

sensory groups; p < 0.001 within limbic and motor-

sensory groups; p = 0.166 within associative and limbic

groups; Fig. 2B).

When comparing the neuronal diameter/density of dif-

ferent layers in Von Economo-Koskinas atlas to the aver-

age QA values of the corresponding labels in HCP-1021

template, layer IIIc parameters (Tables S2 and S3) were

found to have the highest and consistent positive r value

of the cell size (Spearman correlation, r = 0.529,

p = 0.035), whereas negative r of the cell density

(r = −0.678, p = 0.011) with the QA values (Fig. 2C).

Quantified DSI scalar study in patients
with HS

Compared with HCs, changes in QA values were observed

in both left and right HS groups. Notably, lateralization

was observed at the cingulum hippocampal segments

(Chs), as there appeared to be an ipsilateral decrease in

QA value at group level among the left or right HS

patients. The mean QA value of Chs decreased on the left

side (left HS: 0.132; HC: 0.148; p < 0.05) in 19 left HS

patients. A decrease in the mean QA value of Chs on the

right side (right HS: 0.128; HC: 0.144; p < 0.05) was

observed in 11 right HS patients. Accordingly, selective

loss of pyramidal neurons in HS patients were observed

among the affected side of these patients in HE staining

and NeuN immunohistochemistry. Additionally, nonselec-

tive decline of QA values was observed in the entire for-

nix (Fig. 3).

The QA distribution in HS patients was similar to that

in HCs, specifically, the motor-sensory group was promi-

nently higher than associative and limbic groups (Fig. 3).

Regarding the effect of HS on the global white matter

bundles extra-temporal lobe in patients, significant

changes (p = 0.005) were only identified in the left asso-

ciative group among patients with left HS, which were

lower than the QA of the HCs. Whereas all other fiber

groups (all the motor-sensory groups and the other

associative groups) were not in statistical significance rela-

tive to HCs. Combining the average QA value of the same

white matter region across different HCs into a 1 by 48

vector indicating the centroid, the Euclidean distance of

the QA values in right HS (0.1019) to the centroid was

only 88.53% of the left HS (0.1151), indicating that left

HS-induced greater pathological change compared with

right HS. Notably, in patients with unfavorable seizure

outcomes (PT003, PT005, PT009, PT015, and PT024), the

QA values of the extra-temporal white matters decreased

below this centroid obviously (Fig. 3E).

Clinical implications of QA values in HS
patients: A diagnostic test

Based on the mean and standard of AI in HCs, Z-

transformation was performed on the AI of QA values in

individual patients. In patients with left HS, a negative Z-

score (right-side dominant in relative to the HCs) was

observed at the Chs; conversely, in patients with right HS,

a positive Z-score (left-side dominant in relative to the

HCs) was observed. Z-transformed AI of Chs between left

and right HS patients was statistically significant

(p < 0.001). Both left and right HS exhibited a negative

Z-score in the anterior limb of the internal capsule (Fig. 4

A).

To evaluate the effect of the AI Z-score when forecast-

ing HS laterality, we plotted the ROC curve and calcu-

lated the AUC using the AI Z-scores (zAI) of each white

matter region. Age and zAI are uncorrelated (Pearson

r = 0.18) and independent (P(age<31) = 50%, P(zAI<-
0.4) = 50%, and P(age < 31, zAI<-0.4) = 8/30 = 27%).

The HS affected side was the label to be predicted. The

Chs possessed the most notable AUC value, which was

0.957. The best diagnostic performance occurred at Z-

transformed AI threshold of −0.027 (sensitivity: 0.909,

specificity: 0.895), and the Chs exhibited the highest diag-

nostic value among the white matter fibers (Fig. 4B).

Discussion

In this study, we explored the value of QA in revealing

the tissue properties, and further tested its accuracy in

seizure localization. In healthy participants, we observed a

negative correlation between QA value and density, and a

positive correlation between QA value and cell diameter.

Regarding patients with HS, PCs loss and chronic fibril-

lary gliosis were the typical pathological change,27 and

QA values were decreased. Subsequent prediction of HS

using the Z-transformed AIs of the QA showed an overall

favorable accuracy in the diagnostic test.

QA values among the motor-sensory, associative, and

limbic groups were unequally distributed in the present
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study. In M1 and S1, where the distribution of giant

PCs was reported,12 the QA value was the highest. In

areas of the associative group and limbic group with

minor to moderate PCs,12 the QA values were lower.

The information (e.g., cell density and diameter) of PCs

in the neocortex differ according to location. Von

Economo12 described the information in terms of den-

sity and diameters in a histological atlas. This atlas was

recently digitalized into an MRI version,21 which made

the comparison of neuronal diameter/density with the

QA values possible. In further analysis, the increase in

cell diameters in layer IIIc was likely associated with an

Figure 2. PC content distribution and normal QA distribution. (A) PC content distribution depicting the cellular structure of the human cerebral

cortex (Von Economo, C., 2009). Orange: areas consisting of giant PCs in layer III; Green: the sporadic presence of giant cells in layer V; Yellow:

areas containing small PCs in layer III. (B) QA map in various views based on 30 healthy participants. Colors close to red and blue represent high

and low QA values, respectively. Violin plot of mean QA values of different participants in the motor-sensory, associative, and limbic groups. The

QA values decreased in order of the motor-sensory (QA: 0.192), associative (QA: 0.156), and limbic (QA: 0.143) group. (C) The diameters of the

cells in layer IIIc were in a positive correlation with the QA values. The density of the cells in layer IIIc was in a negative correlation with the QA

values. (D) Schematic picture illustrating different packing paradigm of the cells. According to the Von Economo atlas, the neurons typically

account for most of the normal neocortex tissue, and they are packed densely. Thus, in given limited tissue space, the areas with larger neurons

(a.) were consistently distributed with less neuronal density, while smaller neurons (b.) were present in a reverse relationship and under

pathological state (c.), for example, hippocampal sclerosis, the loss of the pyramidal neurons would happen. QA = quantitative anisotropy,

PC = pyramidal cell.
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increase in QA values within the white matter at the

subcortical boundary.

Projections of layer IIIc neurons mostly constitute the

corpus callosum and the cortico-thalamus fibers.28–30

Thus, these projections mainly account for intra-skull

connections, while layer V projections tend to constitute

motor, sensory, visual, or auditory fibers that exit the

skull.28,31 As we observed the white matter QA at the

Figure 3. Distribution and variation of QA values among healthy participants and HS patients. (A) Violin plot of QA values in the motor-sensory and

associative groups and Chs among healthy participants and left and right HS patients. The Chs QA values were higher on the left side in healthy

participants. For left and right HS patients, the Chs QA value decreased on the ipsilateral side of the HS. QA distribution also decreased in the order

of the motor-sensory, associative, and limbic groups. A statistically significant change (p = 0.005) was only found in the associative group of the left

hemisphere in patients with left HS, indicating the potential impact of HS on higher brain function. (B) Mean QA value of each white matter ROI

tessellated by color showed the distribution of mean QA values across different fiber tracts in HS patients. The mean Chs QA value in 19 left HS

patients decreased on the left side (p < 0.05); (C) The decrease in QA value on the right side (p < 0.05) was observed according to averaged data

of 11 right HS patients; (D) HE staining and NeuN immunohistochemistry showed the loss of pyramidal neurons in hippocampus CA1, CA3 and CA4

regions and granule cell dispersion. GFAP immunohistochemistry showed that astrocyte proliferation in hippocampus CA1, CA3, and CA4 regions;

(E) QA’s z-values compared with healthy controls (48 white matter ROIs by 30 patients). Temporal lobe-related fibers were highlighted in the blue

boxes. Blue arrows indicated patients with unfavorable seizure outcomes (Engel II: PT009, PT024; Engel III: PT003, PT005, PT015). Of note, the

decreased QA expanded to extra-temporal white matters in patients who were not seizure-free. HC, healthy controls; HS, hippocampal sclerosis; QA,

quantitative anisotropy; MSG, motor-sensory group; AG, associative group; Chs, hippocampal segment of the cingulum.
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gray–white matter conjunction, the detection of intracra-

nial projections might have been more feasible. Thus, we

detected a closer association between the QA and layer

IIIc in this study. These observations indicate that evalu-

ating the PCs in the cortices via QA quantification might

be justifiable.

Albeit not statistically significant, we observed higher

QA values on the left Chs in HCs. Previous studies using

diffusion tensor imaging frequently reported that the frac-

tional anisotropy of cingulum tended to be higher on the

left side of healthy participants.32–34 Highley et al.

reported similar findings: the sizes of cells in the left hip-

pocampi of healthy brains tended to be larger,15 although

this cellular asymmetry was not statistically significant.

We observed that patients with HS had a significant

decrease in QA values at the Chs of the affected side. This

might be closely related to the status of the PCs, as HS

manifests as a selective loss of pyramidal neurons.17 As

aforementioned, the tracts’ QA values may differ between

left and right in humans; thus, filtering the AI of HCs

using Z-transformation is more justified to evaluate the

content of the PCs in epilepsy patients, and the AI Z-

scores of the Chs were observed to have a high AUC

value to the lateralization of the sclerosed hippocampus.

Previous studies have focused on lateralizing the HS with

the diffusion scalars of hippocampal gray matter35,36

instead of the Chs. Recent studies reported that FA of the

Chs was a sensitive measure for mild cognitive impair-

ment, Alzheimer’s disease, and aging.37,38 Using a diag-

nostic test, the present study indicated that QA values of

the Chs could also be recognized as a sensitive measure

for HS.

Based on the discussions above, we got an initial per-

ception that QA is associated with the tissue properties of

different subregions. For example, in a healthy brain

where neurons are routinely densely packed,12 QA would

be higher in tissue with low neuronal density and large

cell diameters. While in a pathological state that causes

PC loss, these cells become loosely packed, and the QA

would decrease (Fig. 2D).

Regarding QA changes besides the mesial temporal

structures, according to quantitative analysis, the decline

in QA of the left hemisphere associative group was found

to be statistically significant in left HS patients; con-

versely, right HS did not cause evident changes to areas

external to the mesial temporal lobe. As the associative

group is typically involved with higher brain functions,

these observations indicated that left HS is more likely to

Figure 4. Diagnostic performance of the Z-transformed asymmetry index for the lateralization of hippocampal sclerosis. (A) In left HS patients,

right-side dominance appeared at the Chs, whereas in the right HS patients, the Chs showed left-side dominance. Both left and right HS

exhibited right-side dominance in the anterior limb of the internal capsule. (B) Heat ROI map of the AUC suggests the highest AUC located at the

Chs. Violin plot of zAI in Chs indicated a significant difference of zAI between the left and right HS (p < 0.001). The AUC value of the Chs for

the affected side of hippocampal sclerosis was 0.957. The Chs exhibited the best diagnostic performance. HS, hippocampal sclerosis; zAI, Z-

transformed asymmetry index; Chs, hippocampal segment of the cingulum.
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impact higher brain function than right HS.39,40 Further-

more, according to previous literature of fMRI, the left

HS would have a much dominant impact to higher brain

functions, such as memory, and language.41,42,43 This is in

line with our observations. Besides, a vast decrease of the

QA values mainly appeared in patients with unfavorable

seizure outcomes, indicating that low QA values in areas

outside the anterior temporal lobe may be a predictor of

seizure recurrence.

Although the QA values were validated with tissue prop-

erties, limitations still exist, as the cellular data were from

the literature instead of histological experiments. More-

over, the sample size of the series was limited. Only 11

cases of right HS were enrolled; thus, further studies with

larger sample sizes are needed in the future. Furthermore,

as the present study focused on the diffusion scalars, proce-

dures involved with fiber tracking, such as U-fiber quantifi-

cation, would be investigated in future research.

Additionally, the main objective of this study was to pre-

liminarily describe the association between the QA and tis-

sue properties, and further explore its clinical application

in TLE patients; Thus, future studies are needed to quantify

QA usage in patients with neocortical epilepsy.

In summary, based on the DSI data of 30 healthy par-

ticipants and the HCP-1021 template, we preliminarily

found the QA values might be potential to reveal the tis-

sue properties of different brain areas in HCs. Further,

using a diagnostic test, we indicated that the QA value of

the Chs could be a reliable measure for the lateralization

of HS in patients with the epileptic disease. Future studies

on the QA scalar might provide an in-depth and nonin-

vasive approaches to various seizures’ localizations.
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