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Abstract The symptoms of autism spectrum disorder

(ASD) have been hypothesized to be caused by changes

in brain connectivity. From the clinical perspective, the

‘‘disconnectivity’’ hypothesis has been used to explain

characteristic impairments in ‘‘socio-emotional’’ function.

Therefore, in this study we compared the facial emotional

recognition (FER) feature and the integrity of social-

emotional-related white-matter tracts between children and

adolescents with high-functioning ASD (HFA) and their

typically developing (TD) counterparts. The correlation

between the two factors was explored to find out if

impairment of the white-matter tracts is the neural basis of

social-emotional disorders. Compared with the TD group,

FER was significantly impaired and the fractional aniso-

tropy value of the right cingulate fasciculus was increased

in the HFA group (P \ 0.01). In conclusion, the FER

function of children and adolescents with HFA was

impaired and the microstructure of the cingulate fasciculus

had abnormalities.

Keywords Autism spectrum disorder � Facial emotional

recognition � Social-emotional related white matter fiber

tracts � Diffusion tensor imaging � Tractography

Introduction

Autism spectrum disorder (ASD) is a neurodevelopmental

disorder that has the core symptoms of impaired social

communication as well as repetitive and stereotyped

interests and behaviors [1]. In recent years, studies on

brain connectivity in ASD patients have shown that

impairment of the integrity of the large-scale neural

network may be an important neurobiological basis of

ASD. Studies have already confirmed that the integrity of

the social-emotional-related structural network is associ-

ated with the impairment of social and emotional abilities

in ASD patients [2]. Therefore, the long-range white-

matter tract that connects this network may be an important

causal factor for the core social communication disorder in

ASD patients.

Studies on the neural correlation of complex socioemo-

tional processing in normal participants have indicated that

some long-range brain white matter tracts are the substrate

of socioemotional function. The temporo-amygdala-

orbitofrontal network is connected through the uncinate

fasciculus. This fiber tract connects the temporal lobes with

the insula and orbitofrontal cortex [3, 4], and the integrity

of the uncinate fasciculus is associated with the recognition

of complex human emotions [5]. The cingulate fasciculus

is a long-range white-matter tract that connects the medial

anterior and posterior cingulate cortex with the medial

prefrontal, parietal, and temporal lobes (including the

hippocampus) [6], and impairment of the cingulate fasci-

culus significantly influences extensive social motivation

and psychological functions [3, 7, 8]. The superior

longitudinal fasciculus, which connects the cortex sur-

rounding the lateral sulcus of the frontal, parietal, and

temporal lobes [6], provides the corresponding fiber

connection for the mirror neuron system. Many studies
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have indicated that the mirror neuron system plays an

important role in social cognition [9, 10]. The face

processing system is composed of three parts: the superior

temporal sulcus, the fusiform gyrus, and the amygdala

[11, 12], which are connected through the inferior longi-

tudinal fasciculus [13, 14]. Damage to the inferior longi-

tudinal fasciculus and the inferior fronto-occipital

fasciculus is associated with impaired facial emotional

recognition (FER) [13]. Based on this functional study of

white matter tracts associated with complex social emo-

tional processing in normal participants, we selected the

uncinate fasciculus, cingulate fasciculus, superior longitu-

dinal fasciculus, inferior longitudinal fasciculus, and infe-

rior fronto-occipital fasciculus as regions of interest (ROIs)

to explore the structural integrity and related functional

impairment in children/adolescents with ASD.

Previous studies on the neuropathological basis of ASD

have reached inconsistent conclusions concerning the fasci-

culi listed above [15]. Some studies showed decreased

fractional anisotropy (FA) values of these tracts compared to

a control group [16–20], some showed increased FA values

[21], and a very small number of studies noted that diffusion

tensor imaging (DTI) values are associated with emotional

cognitive functions in ASD. These results may be associated

with the heterogeneity of samples and task settings of the

emotional cognitive function. In patients with developmen-

tal disorders such as ASD, the DTI technique provides a

unique opportunity to investigate the structural features of

white-matter tracts and their related functions. FA and mean

diffusivity (MD) are very sensitive to developmental

changes and pathological differences in the density, size,

myelin formation, and fibrous tissue continuity in voxels of

axons; therefore, they are indicators for the structural

integrity of white-matter tract tissues [22, 23].

Therefore, in this study we selected children and

adolescents with HFA and their typically developing

(TD) counterparts between 6–16 years of age to compare

FER ability and the integrity of emotion-related white

matter tracts, and at the same time we further explored the

correlation between the integrity of emotion-related white

matter tracts and the accuracy rates of FER as well as their

clinical symptoms.

Participants and Methods

Ethics Statement

The present study was approved by the Medical Ethics

Committee of the Brain Hospital Affiliated with Nanjing

Medical University (KY043). The parents or legal

guardians of the participants were informed of the purposes

and detailed procedures of the investigation and all gave

informed consent before initiation of the experimental

procedures.

Participants

High-functioning ASD (HFA) group: children and adoles-

cents with HFA diagnosed at the Brain Hospital Affiliated

with Nanjing Medical University between September 2013

and September 2015 were enrolled. On the basis of the

completion of a clinical psychological evaluation, two senior

pediatric psychiatrists made the diagnosis based on the

relevant diagnostic criteria in the diagnostic and statistical

manual of mental disorders, fifth edition (DSM-5). If the

diagnostic results were inconsistent, the patients were

excluded. The inclusion criteria were: (1) meeting the ASD

diagnostic criteria in the DSM-5; (2) being 6–16 years of

age; (3) having an intelligence quotient (IQ) C 70 points

[24]; (4) being right-handed; and (5) obtaining consent from

the legal guardians to participate in the study. The exclusion

criteria were: (1) having a clear history of craniocerebral

trauma; (2) presenting with a history of nervous system

diseases and severe somatic diseases; and (3) having a

definite mental illness such as attention deficit hyperactivity

disorder and learning disabilities. After removing 5 partic-

ipants whose images were of low quality, a total of 34

individuals were enrolled, including 30 males and 4 females.

The mean age was 9.3 ± 2.2 years.

Control group: typically developing age-, gender-, and

IQ-matched children and adolescents were selected over

the same time period. The inclusion criteria were: (1)

having normal physical development and intelligence; (2)

being right-handed; and (3) obtaining consent from the

legal guardians to participate in the study. The exclusion

criteria were as follows: (1) presenting with a definite

history of craniocerebral trauma; (2) having a history of

nervous system diseases and severe somatic diseases; and

(3) having any type of definite mental illness. A total of 39

individuals were recruited, 29 males and 10 females. The

mean age was 10.0 ± 3.2 years.

Assessment of Autistic Symptoms

General condition survey: a self-compiled scale was used

to survey the general demographic data, birth history, past

history, and family history of all participants.

Clinical assessment: (1) the Autism Diagnostic Inter-

view-Revised (ADI-R) [25] was the clinical diagnostic

evaluation scale. The ADI-R is an extensively applied,

standardized, and a structured diagnostic tool for parent

interviews and is composed of three dimensions, Recipro-

cal Social Interaction, Abnormalities in Communication,

and Restricted, Repetitive, and Stereotyped Patterns of

Behavior, all of which reached the diagnostic criteria.
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When the three dimensions were all above the cut-off

scores by [2 points, autism was diagnosed. (2) The

Wechsler Intelligence Scale for Children-China Revised

(WICS-CR): this instrument is an IQ determination scale

that includes a total of 12 subtests. The verbal scale is

composed of six subtests: information, similarities, arith-

metic, vocabulary, comprehension, and digit span. The

performance scale is composed of six subtests: picture

completion, picture arrangement, block design, object

assembly, coding, and mazes. The digit span in the verbal

scale and the mazes in the performance scale were reserved

tests. Each subtest was individually scored. The scoring

was performed according to the manual during the tests.

FER accuracy rate measurements: as the presentation

materials in the FER tasks, we chose 50 pictures in the

Chinese facial affective picture system with relatively high

recognition levels. There were 10 pictures each for five

types of emotional faces, i.e., happy, sad, neutral, fearful,

and angry. The pictures were presented on a computer

using E-prim2.0 software. The children and adolescents

were instructed to complete the recognition of 50 affective

pictures. The task process was divided into a practice part

and the formal test. After the participants accurately

understood the testing procedure, the formal tasks were

performed. The participants performed recognition of the

facial emotional pictures and pressed a button to respond.

The software automatically recorded the accuracy rate.

During this process, the examiner did not provide any hints

about facial emotion recognition.

Diffusion Tensor Imaging Acquisition

A 3.0 T superconducting magnetic resonance imaging

system (Siemens, Germany) and a birdcage head quadrature

coil were used. The head was immobilized using sponge

mats, and cranial scanning was performed in a supine

position. Cross-sectional T2W1 scanning was first per-

formed in each case for anatomical positioning and the

exclusion of patients with organic diseases in the nervous

system visible by the naked eye. The planar echo sequence

was used for DTI scanning at the axial position of the head.

The scanning parameters were: diffusion sensitivity coeffi-

cient b value = 1000 s/mm2, 30 diffusion sensitivity gradi-

ent directions, collection matrix = 128 9 128, scanning

field = 230 mm 9 230 mm, slice thickness = 2.5 mm,

repetitive time = 9000 ms, echo time = 104 ms, scanning

time = 5 min 8 s, and 60 slices for each scan.

Image Analysis

The images and data processing used the Atlas-based local

analysis method. The software 3D-Slicer (http://www.

slicer.org/), DTIPrep (http://www.nitrc.org/projects/

dtiprep/), DTIAtlasBuilder (http://www.nitrc. org/projects/

dtiatlasbuilder/), FIberViewerLight (http://www.nitrc.org/

projects/ fvlight/), and DTIAtlasFiberAnalyzer (http://

www.nitrc.org/projects/dti_tract_stat) were used for DTI

image processing. The data processing framework was a

template surrounding the DTI. The template was con-

structed using a deformation map and was used as an

unbiased average atlas. On the basis of this compressed

template, the bilateral uncinate fasciculus, cingulate fasci-

culus, superior longitudinal fasciculus, inferior longitudinal

fasciculus, and inferior fronto-occipital fasciculus were

used as the regions of interest (ROIs) to perform interactive

fiber tractography to construct the fiber tracts. The fiber

tractography was based on the ROI selection method of

fiber tracts by Catani [26]. The DTI parameter files of fiber

tracts were automatically extracted through the template

information. The major steps were: (1) using 3D Slicer

software for format conversion; (2) automatic diffusion

weighted imaging (DWI) quality control using a tool

named DTIPrep, which includes a variety of quality checks

as well as eddy current and motion correction [27]. Visual

quality control was then performed to eliminate DWI suf-

fering from artifacts that were not picked up in the auto-

matic step. Finally, the overall quality of the resulting DTI

data was assessed in 3D Slicer. (3) DTIAtlasBuilder soft-

ware was used to establish the template to compress the

images of all participants into an unbiased atlas. Atlases

were created iteratively starting from affine atlases (step 1)

over deformable diffeomorphic atlases (step 2 and 3), and

the process was fully automatic. All atlas registrations were

performed via FA image intensity normalized to the atlas

of the current step. (4) The 3D Slicer software platform was

used to select the five fasciculi as ROIs to perform inter-

active fiber tractography. (5) DTIAtlasFiberAnalyzer soft-

ware was used to obtain the FA and MD values of these

fiber tracts. All the steps were made according to the cor-

responding software manuals. All of the tools referenced in

the description of our workflow can be used as stand-alone

command lines for scripting and grid computing, or inter-

actively as part of 3D Slicer as external modules. The tool

workflow and fiber reconstruction results are shown in

Figs. 1 and 2.

Statistical Analysis

The statistical analyses were performed using SPSS 20.0

software. The differences of accuracy rates of FER and FA,

and MD values of the emotion-related fiber tracts between

the HFA and control groups were analyzed using the two

independent samples t test. The correlation of FA and MD

values of abnormal fiber tracts with accuracy rates of

emotion recognition and ADI-R scores were analyzed

using Pearson correlation. To reduce error variance and
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increase statistical power, age and IQ were used as

covariates to perform Pearson partial correlation analysis

to further assess the correlation between the FA and MD

values of abnormal fiber tracts and the emotion recognition

accuracy rate and clinical symptoms.

Results

Demographics

The comparative analysis of gender (x2 = 2.26, P = 0.13),

age (t = -1.19, P = 0.24), and IQ (t = -0.69, P = 0.49)

of the children and adolescents between the HFA and TD

groups did not show any significant difference. The mean

scores of the three ADI-R dimensions in the HFA group all

reached the diagnostic criteria (Table 1).

Between-Group Differences in FER Accuracy Rates

The comparative analysis of the HFA and TD groups showed

that the FER accuracy rates for the recognition of the facial

emotions of fear and happiness were not significantly different;

however, the rates for the recognition of facial emotions of

sadness, anger, and neutral had significant differences

(Table 2). In addition, the total accuracy rate for the recog-

nition of facial emotions was also significantly different

between the two groups (t = -4.53, P \ 0.001) (Table 2).

Comparison of FA and MD Values of Social-

Emotional-Related White Matter Tracts Between

the Two Groups

The FA and MD values of the bilateral social-emotional-

related fiber tracts were compared between HFA and TD

Fig. 1 Pipeline for the analysis of DTI images.

Fig. 2 Example of fiber recon-

struction results (L left, R right,

UF uncinate fasciculus, CG

cingulate fasciculus, SLF supe-

rior longitudinal fasciculus, ILF

inferior longitudinal fasciculus,

IFOF inferior fronto-occipital

fasciculus).
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groups. Compared to the TD group, the HFA group had an

increased FA value for the right cingulate fasciculus

(R_CG) (t = 2.74, P \ 0.01), while the FA and MD values

of the left (L)_CG and the MD value of the R_CG were not

significantly different. The FA and MD values of the

bilateral uncinate fasciculus, bilateral superior longitudinal

fasciculus, bilateral inferior longitudinal fasciculus, and

bilateral inferior fronto-occipital fasciculus between the

HFA and the TD groups did not show significant differ-

ences (Figs. 3, 4).

Analysis of Correlation Between FA Values

for the Cingulate Fasciculus and Age, IQ, and Ac-

curacy Rates of FER in the Two Groups

The FA values for the bilateral cingulate fasciculus and age

showed a significantly positive correlation in the HFA

group [L_CG (r = 0.42, P = 0.02) and R_CG (r = 0.38,

P = 0.03), respectively].

The correlation between FA values and age, IQ, and

accuracy rates of FER in the TD group showed a

significantly positive correlation between age and FA

value for the L_CG (r = 0.35, P = 0.03). For both groups,

the IQ was not significantly correlated with the FA values

for the bilateral cingulate fasciculus.

To reduce error variance and increase statistical power,

we performed a bivariate correlation analysis between FER

ability and FA values for the bilateral cingulate fasciculus.

The results showed a positive correlation between L_CG

FA and the accuracy rate of FER (r = 0.232 P = 0.048).

The following partial analysis using age and IQ as

covariates further excluded a correlation between L_CG

FA and the accuracy rate of facial FER (Table 3).

Analysis of the Correlation Between the FA Values

for the CG and Clinical Symptoms in the HFA

Group

Considering impact of age and IQ on the results, age and

IQ were used as covariates at the same time to perform the

Pearson partial correlation analysis to further assess the

correlation between the FA values of abnormal fiber tracts

and the clinical symptoms. No significant relationships

were found between DTI measures and any dimension of

the ADI-R scores in the HFA group (Table 4).

Discussion

The selection of stimulation materials is the most important

step in studying FER; it directly influences the test results.

Previous studies on school-age children and adolescents

have chosen cartoon pictures [28] or facial emotion

pictures of real people [29–31] as the stimulation materials

for FER. Because the emotion information delivered by

real people is the most real and enriched, the use of the

facial emotions of real people as the stimulation materials

is most common. In addition, the recognition of the facial

emotion of other races is more difficult than that of one’s

own [32]. Therefore, after combination with the above

factors, the present study selected the emotional faces of

real Chinese people as the stimulation materials to reduce

the effect of unrelated interfering factors in this experi-

ment. The major findings of the present study in the

behavioral experiment of the FER ability of HFA children

Table 1 Participant demographics (mean ± SD).

Items HFA group (n = 34) TD group (n = 39) t/x2 value P value

Gender (male:female) 30:4 29:10 2.26 0.13

IQ 109.94 ± 20.82 113.03 ± 16.83 -0.69 0.49

Age (years) 9.27 ± 2.23 10.05 ± 3.20 -1.19 0.24

ADI-R: reciprocal social deficits score 14.76 ± 7.38 – – –

ADI-R: abnormalities in communication score 8.88 ± 4.55 – – –

ADI-R: restricted, repetitive behavior score 4.44 ± 3.14 – – –

ADI-R Autism Diagnostic Interview-Revised, HFA high-functioning autism spectrum disorder, TD typically developing.

Table 2 Between-group differences in recognition accuracy rates of

the five basic types and total facial emotion results (percentage,

mean ± SD).

HFA (n = 34) TD (n = 39) t P

Sad 0.50 ± 0.24 0.77 ± 0.19 -5.39 0.00

Angry 0.47 ± 0.24 0.66 ± 0.21 -3.67 0.00

Fear 0.34 ± 0.22 0.47 ± 0.30 -1.98 0.05

Neutral 0.64 ± 0.37 0.89 ± 0.21 -3.62 0.00

Happy 0.81 ± 0.20 0.90 ± 0.19 -1.82 0.07

Total accuracy rate 0.55 ± 0.19 0.73 ± 0.14 -4.53 0.00

Statistically significant differences are shown in bold, P \ 0.01

HFA high-functioning autism spectrum disorder, TD typically

developed.
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was that the accuracy rates for the recognition of sad,

angry, and neutral emotional faces in the HFA group were

significantly lower than those of the children and adoles-

cents in the TD group.

A 2014 meta-analysis on FER in ASD by Fink et al. [33]

showed that school-age ASD children had a significantly

lower recognition ability on four types of basic facial

expression (happy, sad, angry, and fearful) than the control

group. In the present study, the accuracy rates for the

recognition of sad, angry, and neutral faces in the HFA

group were significantly lower than those of the TD group,

which is basically consistent with the current international

research results.

For social-emotional-related white-matter tracts, the

present study used the template-based local analysis

method in DTI data processing to define target fibers in

the uncinate, cingulate, arcuate, inferior longitudinal, and

inferior fronto-occipital fasciculi as the ROIs to perform

fiber tractography uniformly on the compressed template.

This method reduced the errors caused by manual delin-

eation of the ROIs during fiber tractography of paertici-

pants one by one, increased the precision of the fiber

tractography, and simultaneously measured the FA and

MD values of the ROIs. The major factors affecting the FA

value are the integrity of the axonal cell membrane and the

level of myelination [34]. When the integrity of the cell

membrane is higher and myelination is more mature, the

FA value is higher; otherwise, the FA value is lower.

The results of the comparison between the social-

emotional related fiber tracts of the two groups showed a

significant difference in the right cingulate fasciculus. The

cingulate fasciculus is a major long-range tract that

represents connectivity in the brain, providing the connec-

tion among the gray matter areas that regulate

Fig. 3 FA values of social-emotional-related white matter tracts in

the two groups. The high-functioning ASD group had an FA value of

the right cingulate fasciculus higher than the TD group (t = 2.74,

P = 0.008), but no significant differences were found in left

cingulated fasciculus and other social-emotional-related white matter

tracts. **P \ 0.01; all values expressed as mean ± SEM (L left,

R right; UF uncinate fasciculus, CG cingulate fasciculus, SLF

superior longitudinal fasciculus, ILF inferior longitudinal fasciculus,

IFOF inferior fronto-occipital fasciculus).

Fig. 4 MD values of social-

emotional-related white matter

tracts in the two groups. No

significant difference were

found in the social-emotional-

related white matter tracts; all

values expressed as

mean ± SEM (L left, R right,

UF uncinate fasciculus,

CG cingulated fasciculus,

SLF superior longitudinal fasci-

culus, ILF inferior longitudinal

fasciculus, IFOF inferior fronto-

occipital fasciculus).
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psychological, abstract, and emotional responses. These are

the core deficiencies in ASD patients [35]. In the present

study, compared to that in the TD group, the FA value for

the R_CG in the HFA group significantly increased, and

the L_CG did not present a significant difference. This

result is not completely consistent with previous research

results on ASD. There are many previous studies on the FA

values for the cingulate fasciculus in ASD; however, the

results are not consistent [36, 37]. In a previous study, the

FA value in ASD patients increased when they were

\6 years old; these results support previous claims of

abnormal brain overgrowth in young children with autism,

and the excessive cerebral growth not only in gray but also

in white matter [38]. By contrast, the FA values of ASD

patients at adolescence or early adulthood decreased or

were close to those in a control group [39]. The study by

Billeci et al. [39] showed that, compared to a control

group, there was an intersection point during the increase

in the FA values in ASD patients. This intersection point

was at 7–8 years of age, indicating that the FA value of

ASD patients was higher than that of the control group

before 7–8 years of age. The study by Lee et al. [40] also

showed that there was an intersection point during the

increase in the FA values of the white-matter fiber tract

with age; however, the intersection point was at 12 years.

The combination of the results in the previous literature

and the present study shows that the FA value of the right

cingulate fasciculus in HFA groups is significantly higher

than that in control groups, possibly due to the presence of

an intersection point during the increase in the FA value of

white matter tracts with age in ASD patients. The

inconsistent results may also be associated with the

homogeneity of participants. The selection of participants

in previous studies has been broader and included various

subtypes of ASD, but subjects in our study were all HFA,

so the results of the present study are cleaner, ruling out the

confounding factors of comorbidities. Next, the present

study selected HFA patients between 6 and 16 years of age.

The age range was larger, and the ages in the HFA group

were mainly distributed in the low age period, which may

be a factor that has a larger influence on the differences in

FA values.

In the correlation analysis between the DTI eigenvalues

and age and IQ in the HFA and TD groups, the results

showed that the FA values of the bilateral cingulate

fasciculus positively correlated with age. Then, we made a

bivariate correlation analysis between the DTI eigenvalues

and the FER ability. The results showed a positive

correlation between L_CG (FA) and the accuracy rate of

FER. Considering the influencing factor of age, we

conducted a partial correlation analysis using age and IQ

as covariates. The correlation between L_CG (FA) and the

accuracy rate of FER disappeared. In the sample of

children and adolescents with ASD, age and IQ are

important factors that may influence the results. In further

studies, we will increase the sample size, and refine the age

group to control the impact of these two factors. These

results may also have been influenced by the reliability of

the indicators used for measuring the self-reported symp-

toms and the parents’ reports of ASD patients. Future

studies should use cross-field clinical diagnostic tools to

measure the severity of symptoms to better detect the

association between the eigenvalues of white-matter tract

diffusivity and the behaviors of ASD patients.

Studies have shown that the limbic system is one of the

neural bases of social emotion. The cingulate fasciculus is

a large long-range fiber tract in the limbic system; its

impairment is associated with damage to FER and social-

ization in ASD [41]. The present study did not show a

correlation between abnormal structure of the cingulate

fasciculus and the accuracy rate of FER, and this may be

associated with the presentation methods of the tasks. In

the present study, the task presentation consisted of static

Table 3 Analysis of the correlation between FA value for the

cingulate fasciculus and accuracy rate of facial emotion recognition in

the HFA group.

Accuracy rate of facial emotion recognition

r P ra Pa rb Pb

L_CG FA 0.23 <0.05 0.11 0.36 0.22 0.06

R_CG FA 0.02 0.84 -0.07 0.57 0.01 0.92

FA fractional anisotropy, L_CG left_ cingulate fasciculus, R_CG

right_ cingulate fasciculus. ra partial correlation between FA and

accuracy rate of facial emotion recognition using age as covariate; rb

partial correlation between FA and accuracy rate of facial emotion

recognition using IQ as covariate. Statistically significant differences

are shown in bold.

Table 4 Correlation between

the FA values for the cingulate

fasciculus and the scores of all

dimensions of the ADI-R in the

HFA group.

ADI-R_social ADI-R_communication ADI-R_behavior

rc Pc rc Pc rc Pc

L_CG (FA) -0.15 0.42 -0.08 0.65 -0.24 0.17

R_CG(FA) -0.13 0.49 -0.09 0.61 -0.28 0.11

L_CG left_ cingulate fasciculus, R_CG right_cingulate fasciculus. rc partial correlation between FA and all

dimension of the ADI-R scores in HFA group using age and IQ as covariate at the same time.
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emotional faces rather than a dynamic and situational

presentation. Therefore, the response of the FER ability

could only be reflected in the static facial emotion level and

could not reflect the comprehensive ability of FER;

therefore, the results have a certain limitation.

Although the FA values of the right cingulate fasciculus

between the HFA group and the control group had a

significant difference, the fiber tract characteristic values of

other large fiber tracts tracked by the DTI method, the

uncinate, arcuate, inferior longitudinal, and inferior fronto-

occipital fasciculi, did not show significant differences

between these two groups. Previous studies have reported a

reduction in the FA values in ASD patients for the fiber

tracts included in the present study. However, these reports

are not consistent [42]. In addition, previous studies have

covered very large differences in the age, IQ, and symptom

severity of participants. Different fiber tracts have different

development tracks, and the association between fiber tract

diffusivity and the severity of ASD symptoms is also not

consistent; therefore, the participants’ characteristics may

be a factor that can strongly influence the results.

Furthermore, the methods used for studying fiber tracts in

previous studies are also not consistent. These factors may

all have caused the differences in the results for large fiber

tracts.

In summary, the present study mainly showed that

children and adolescents with HFA had an impaired FER

ability. There was a significant reduction in the accuracy rate

of their FER, particularly the recognition of sad, angry, and

neutral emotions. The integrity study of social-emotional-

related white-matter tracts among children and adolescents

with HFA showed that the cingulate fasciculus has been

overgrowth; specifically, age is an important factor influ-

encing the FER function and the integrity of the cingulate

fasciculus in ASD patients. Children and adolescents with

HFA had impaired FER ability and emotional recognition

that was associated with the cingulate fasciculus, and the

impairment levels were closely associated with age. Whether

the impairment to FER ability can become a reliable

indicator for the clinical phenotype of ASD still requires

increasing the sample size and implementing a more detailed

discussion in future studies. The deficiencies of this research

are provided below. Due to the restriction of IQ and age, the

recruitment of participants was difficult; thus, our sample

size was relatively small. In addition, the number of females

was limited; therefore, comparison between genders and a

longitudinal comparison across ages could not be performed.

The present study used only fiber tractography based on

ROIs and did not combine these with other image-processing

methods for white-matter tracts to validate and process data

from the entire brain to local areas; therefore, the results

have certain limitations. The aforementioned limitation will

be improved in future studies.
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