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Introduction
Autism spectrum disorders (ASD) include neurodevelopmental 
states characterized by recurrent and ordinary behaviors as well as 
impaired speech and social communication (1). The prevalence of 
ASD is 6/1000 in children (2).

There are studies showing that social and communicative 
disorders are related to abnormalities in limbic structures in cases 
with autism spectrum disorders (3, 4). Limbic system structures 
such as cingulate gyrus and orbitofrontal cortex contribute to 
the development of individuals’ self-awareness and capacity to 
understand others’ behavior (5, 6). Amygdala and hippocampus 

are involved in the storage of memory related to emotional 
events, facial recognition and processing of visual cues (7). In 
this respect, it is thought that these regions play an important 
role on social, cognitive and effective functions in patients with 
ASD. In addition, there are a number of structural and functional 
neuroimaging studies showing that early social disorders of autism 
are associated with abnormalities detected in certain regions of 
the frontal lobe responsible for social-cognitive communication 
(8, 9).

In recent years, there are studies determining the presence of 
a number of disorders in the connection pathways such as 
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Objective: To determine whether there were diffusion tensor imaging (DTI) changes [ADC (apparent diffusion coefficient), FA (fractional 
anisotropy), AD (axial diffusivity) ve RD (radial diffusivity)] between two cerebral hemispheres among children with autism in both right and 
left brainstems, association, projection, and commissural fibers and to compare these findings with those of normal healthy subjects. 
Methods: Thirty children with autism and 16 age-matched healthy control subjects were included, and their Magnetic Resonance Imaging 
(MRI) and DTI findings were retrospectively evaluated. 
Results: ADC values obtained from the right and left inferior fronto-occipital fasciculus were higher in the autistic subjects than in the control 
group. FA values obtained from the anterior limb of the right internal capsule, right external capsule, right inferior frontooccipital fasciculus, 
right corticospinal tractus, right forceps major, and genu of the corpus callosum were lower in the autistic subjects than in the control group. 
RD values obtained from the right cingulum were higher compared with those from the left cingulum. AD values obtained from the right and 
left forceps major were lower, and RD values obtained from the left forceps major were higher in the autistic subjects compared with the control 
group. 
Conclusion: In subjects with autism, DTI parameter changes demonstrated in various brain regions, especially in the limbic system, may be 
attributed to the social and communication impairment in autism. DTI may be used as an assisting method in autism, which is a heterogeneous 
disease affecting many locations in the brain. 
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association and commissural fibers that provide the connection 
in different lobes and hemispheres in the brains of patients with 
autism with advanced imaging techniques such as Diffusion 
Tensor Imaging (DTI) and functional MRI (10, 11). However, 
it is stated that there are some inconsistencies between screening 
protocols, processing of images and non-standardization of 
analysis methods and variations in the parameters used in the 
evaluation of cases and the imaging protocols in the literature 
related to heterogeneity (12). In our study, ADC (apparent 
diffusion coefficient), FA (fractional anisotropy), AD (axial 
diffusivity) and RD obtained from white matter tracts such as 
brain stem, projection, association and commissural fibers in 
both left and right sides of the brain (radial diffusivity) values in 
children with autism   were used to determine whether there was 
any difference between the two groups and also to compare the 
findings with the healthy control group.

Methods
The retrospective study included 30 patients (25 males and 
5 females) with autism and 16 healthy controls (12 males, 4 
females). The age range was 3-14 years in the autism group and 
3-13 years in the healthy control group.

The control group was composed of normal healthy subjects 
who were admitted to the outpatient clinic and who did not 
have any features in their clinical histories and whose physical 
examination and MRI were reported as normal. Cranial MRI 
and DTG evaluation of patients with autism and healthy 
control group were retrospectively analyzed from the archives 
of the Department of Radiology of Bezmialem Vakıf University. 
The study was approved by Bezmialem Vakif University Non-
Interventional Clinical Research Ethics Committee (Date: 
26.04.2017, No: 7583).

Imaging method

Imaging was performed with 1.5-T MRI system using head 
coil (Siemens, Avanto, Erlangen, Germany). The routine MRI 
protocol was based on spin-echo T1-weighted (TR: 550 ms, 
TE: 20 ms; section thickness, 5 mm; FOV, 240x240 mm2; 
matrix, 125x256), T2-weighted (TR: 4530 ms, TE: 100 ms; 
cross-section thickness, 5 mm; FOV, 240x240 mm2; matrix, 
211x384) and FLAIR (TR: 8000 ms, TE: 90 ms, TI: 2500 ms; 
section thickness, 5 mm; FOV, 240x240 mm2; matrix, 140x256) 
images. 

DTG was obtained by applying 30 different diffusion sensitive 
gradient with 2 different b values (b = 0 and b = 1000 s / mm2) 
to the single-shot echo-planar sequence determined as TR / TE, 
6000/89 ms; matrix, 128x128; FOV, 230x230 mm2; thickness 
section, 5 mm; spacing between sections, 1.5 mm; number of 
sections, 20; spatial resolution 1.54. The data obtained from the 
DTG were transferred to the Leonardo console (software version 
2.0, Siemens) for further processing, and the DTG parameters 
(ADC, FA, AD, RD) were measured from the areas determined 
in the brain in both right and left sides. In the control group, the 
mean values   of the DTG parameters measured from the right 
and left hemisphere were averaged.

 Region of interest (ROI) analysis 

ADC, FA, AD and RD values   were measured by using the ROI 
from corpus callosum genu and splenium from both the right and 
left sides of the localizations of cingulum, superior longitudinal 
fascicle, inferior fronto-occipital fascicus, unsinat fasciculus, 
forceps minor and major, external capsule, anterior and posterior 
limb of internal capsule, cortico spinal tract from white matter 
tracts such as brain stem, projection, association, and commissural 
fibers determined in DTG taken after MRI performed to exclude 
organic brain disorder in cases with autism. ROIs were carefully 
hand-drawn in the size range ranging from 10 to 40 mm2 
depending on the size of the selected area (Figure 1).

Statistical analysis

 Statistical analysis was performed using the statistical package 
program (SPSS Inc .; Chicago, IL, USA). Mann-Whitney U test 
was used to compare ADC, FA, AD and RD values   obtained 
from patients with autism and healthy control group. The level 
of significance was determined as p <0.05. 

Results
When compared with the control group, ADC values   obtained 
from the right and left inferior fronto-occipital fascicle (p = 0.03) 
of the patients with autism were statistically significantly higher. 
FA values obtained from the right internal capsule anterior leg (p 
= 0.001), right external capsule (p = 0.001), right inferior fronto-
occipital fascicus (p = 0.001), right corticospinal tractus (p = 
0.001), and right forceps major (p = 0, 03) and corpus callosum 
genu (p = 0.003)   were lower than control group.

RD values   obtained from the right cingulum were statistically 
significantly higher than those obtained from the left cingulum 
(p = 0.011). The AD values   obtained from the right and left 
forceps major levels were lower than the control group (p = 0.048, 
p = 0.046). RD values   obtained from the left forceps major level 
were higher than the control group (p = 0.030) (Table 1). There 
was no statistically significant difference in DTG parameters 
obtained from other areas.

Discussion
Diffusion Tensor Imaging is a method that can be used to assess 
the structural integration of white matter tracts in the brain 
and to describe pathological changes in the microstructural 
level, such as axonal or myelin damage. White matter integrity 
is evaluated by obtaining quantitative information about the 
direction and degree of diffusion of water in unit volume with 
DTG (13). While ADC, which is one of the DTG parameters, 
indicates the magnitude of diffusion of water molecules in tissue, 
FA reflects myelinization, axonal diameter and fiber density in 
white matter (14, 15). While AD axonal fragmentation showing 
the direction of diffusion of water is affected by the deposition of 
filaments and the deterioration of microtubule arrangement and 
the expansion of the extracellular distance, RD, which is thought 
to reflect the diffusion vertical to the axonal bundles, is mainly 
affected by myelin in the white matter (16, 17).
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The only fascicle that provides connection of all four major lobes 
in the brain, namely frontal, temporal, parietal and occipital 
lobe is the inferior fronto-occipital fascicule (18). This fascicle 
plays an important role in connecting all components for the 
processing of social information commonly referred to as social 
brain. Therefore, in patients with autism spectrum disorder, 

it is hypothesized that there are widespread disorders in long 
connection pathways with deviations in the inferior fronto-
occipital fascicule. The decrease in the FA values   obtained from 
this pathway in the DTG studies supports this hypothesis (12). 
Jou et al. (12) reported that all major tracts were affected in their 
study, but the effect was not equal in all tracts. 

They refer to the maximal number of voxally affected forceps 
minor as the affected tract, followed by the right and left inferior 
fronto-occipital fasciculus. They also report that the right 
inferior fronto-occipital fasciculus is more severely affected. In 
our study, we found increased ADC values   in both right and left 
inferior fronto-occipital fascicules of patients with autism and 
decreased FA values   in right inferior fronto-occipital fascicle. 
These bilateral findings may show microstructural changes such 
as loss of myelin in the patients with autism or disruption of fiber 
integration by dysmyelination.

Corpus callosum is also reported to be affected in patients 
with autism as a result of a decrease in the FA values   detected 
in corpus callosum fibers in the literature (19). Kumar et al. 
(1) reported that they found decreased FA values   in corpus 
callosum and right cingulum, uncinate fasciculus and arcuate 
fasciculus in patients with autism spectrum disorder. While 
Ogur et al. (11) reported decreased FA values   in the corpus 
callosum genu and splenium, the largest axonal pathway in 
the brain, which continues the interhemispheric information 
flow in the brain, some studies have shown that especially 
anterior part of corpus callosum is affected and this may be as 
a result of damage in the prefrontal region (20). These findings 
suggest that the effects of corpus callosum may be related to 
social deficits, repetitive behaviors and sensory abnormalities. 

Bezmialem Science 2018;6(4):283-7

Table 1: FA, ADC, AD and RD values obtained from different areas of the brain in cases with autism and control group

Localization Autism Control

FA FA

Right ICAL 0.45±0,09 0.59±0.12

Right EC 0.38±0,09 0.49±0.09

Right IFOF 0.52±0,07 0.63±0.09

Right CST 0.56±0,12 0.72±0.07

Right FM 0.61± 0.17 0.71±0.12

CC genu 0.76±0.09 0.83±0.05

ADC (10-3mm2/s) ADC (10-3mm2/s)

Right IFOF 0.90±0.07 0.84±0.09

Left IFOF 0.94±0.12 0.84±0.09

AD (10-3mm2/s) AD (10-3mm2/s)

Right FM 1.43±0.24 1.54±0.15

Left FM 1.40±0.22 1.54±0.15

Autism RD (10-3mm2/s) Control RD (10-3mm2/s)

Right cingulum 0.63±0.09 0.58±0.11

Left cingulum 0.53±0.12 0.58±0.11

Left FM 0.58±0.12 0.48±0.17

Values   were given as mean ± standard deviation, ADC: apparent diffusion coefficient; FA: fractional anisotropy, AD: axial diffusivity, RD: radial diffusivity, ICAL : 
internal capsule anterior leg, EC: External capsule, IFOF: inferior fronto-occipital fascicle, CST: cortico spinal tract, FM: forceps majör, CC: Corpus callosum

Figure 1. a-d. The placement of ROIs in color FA and ADC 
mapping is shown in Diffusion Tensor Imaging. Internal 
capsule anterior and posterior leg external capsule, corpus 
callosum genu and splenium (a, b), cingulum and superior 
longitudinal fascicle (c, d)
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In our study, decreased FA values   in the right forceps major and 
corpus callosum genus in the patients with autism, decreased 
AD values   in both the right and left forceps major level, and 
increased RD values in the left forceps major level were detected 
and RD values   obtained from the right cingulum were higher 
than those in the left cingulum. Assis et al. (21) reported that 
they detected decreased FA in many long white matter tracts, 
in the whole corpus callosum, bilateral posterior thalamus, and 
optic tract, and they found increased RD values   in these regions 
with increased MD values, in most association and projection 
fibers indicating their myelinization defect. They also did not 
find significant differences in AD values   in these regions (21). 
In our study, decreased RD values   with decreased FA and AD 
values, which are more prominent in right hemisphere, may 
show deterioration in axonal integration and organization by 
decreasing myelinization and axon numbers. 

Kumar et al. (1) hypothesized that the corticospinal tract will not 
be affected in autism cases and reported that they investigated 
the control tract in their studies. However, there are studies in 
the literature indicating that the corticospinal tract is affected as 
a projection fiber tract (10, 12). In our study, we found decreased 
FA values   in the right corticospinal tract and decreased FA values   
in the right external capsule as the projection tract. In our study, 
FA values   of the right internal capsule anterior leg were lower 
than the control group. In the literature, Ogur et al. (11) found 
a negative correlation between FA values   obtained from the 
anterior leg of right internal capsule and stereotypic behavior and 
lethargy in cases with autism. This supports the general view that 
the internal capsule is responsible for behavioral and intellectual 
symptoms.

The most important limitation of our study is the low number 
of cases with autism. Another important limitation was the fact 
that no evaluation was made in terms of whether there was a 
correlation between neurological findings and neuropsychiatric 
tests and DTI findings since it was a retrospective study.

Conclusion 
Changes in the DTI parameters detected in the different 
localizations of the brain in children with autism, especially in 
the limbic system structures may be related to the social and 
communicative disorders observed in autism. DTG can be 
used as a supportive method in the follow-up of autism, being a 
heterogeneous disease in which many different localizations are 
affected.

Ethics Committee Approval: Ethics committee approval was 
received for this study from the ethics committee of Bezmialem 
Vakif University (2017/7583). 

Informed Consent: Written informed consent was obtained 
from patients who participated in this study. 

Peer-review: Externally peer-reviewed. 

Conflict of Interest: The authors have no conflict of interest to 
declare. 

Financial Disclosure: The author declared that this study has 
received no financial support.

References
1. Kumar A, Sundaram SK, Sivaswamy L, Behen ME, Makki MI, Ager 

J, et al. Alterations in frontal lobe tracts and corpus callosum in 
young children with autism spectrum disorder. Cereb Cortex 2010; 
20: 2103-13. 

2. Levy SE, Mandell DS, Schultz RT. Autism. Lancet 2009; 374: 1627-
38. 

3. Damasio AR, Maurer RG. A neurological model for childhood 
autism. Arch Neurol 1978; 35: 777-86. 

4. Courchesne E, Pierce K. Why the frontal cortex in autism might 
be talking only to itself: local over-connectivity but longdistance 
disconnection. Curr Opin Neurobiol 2005; 15: 225- 30. 

5. Mega MS, Cummings JL, Salloway S, Malloy P. The limbic system: an 
anatomic, phylogenetic, and clinical perspective. J Neuropsychiatry 
Clin Neurosci 1997; 9: 315-30. 

6. Mundy P. Annotation: the neural basis of social impairments in 
autism: the role of the dorsal medial-frontal cortex and anterior 
cingulate system. J Child Psychol Psychiatry 2003; 44: 793-809. 

7. Cabeza R, Nyberg L. Imaging cognition II: An empirical review of 
275 PET and fMRI studies. J Cogn Neurosci 2000; 12: 1-47. 

8. Carper RA, Courchesne E. Localized enlargement of the frontal 
cortex in early autism. Biol Psychiatry 2005; 57: 126-33. 

9. Chandana SR, Behen ME, Juhász C, Muzik O, Rothermel RD, 
Mangner TJ, et al. Significance of abnormalities in developmental 
trajectory and asymmetry of cortical serotonin synthesis in autism. 
Int J Dev Neurosci 2005; 23: 171-82. 

10. Itahashi T, Yamada T, Nakamura M, Watanabe H, Yamagata B, Jimbo 
D, et al. Linked alterations in gray and White matter morphology in 
adults with high-functioning autism spectrum disorder: a multimodal 
brain imaging study. Neuroimage Clin 2014; 7: 155-69. 

11. Ogur T, Boyunaga OL. Relation of behavior problems with findings 
of cranial diffusion tensor MRI and MR spectroscopy in autistic 
children. Int J Clin Exp Med 2015; 8: 5621-30.

12. Jou RJ, Mateljevic N, Kaiser MD, Sugrue DR, Volkmar FR, Pelphrey 
KA. Structural neural phenotype of autism: preli Bezmialem Science 
2018; 6(4): 283-7 286 minary evidence from a diffusion tensor 
imaging study using tract-based spatial statistics. AJNR Am J 
Neuroradiol 2011; 32: 1607-13. 

13. Feldman HM, Yeatman JD, Lee ES, Barde LH, Gaman-Bean S. 
Diffusion tensor imaging: a review for pediatric researchers and 
clinicians. J Dev Behav Pediatr 2010; 31: 346-56. 

14. Alexander AL, Lee JE, Lazar M, Boudos R, DuBray MB, Oakes TR, 
et al. Diffusion tensor imaging of the corpus callosum in Autism. 
Neuroimage 2007; 34: 61-73. 

15. Hüppi PS, Dubois J. Diffusion tensor imaging of brain development. 
Semin Fetal Neonatal Med 2006; 11: 489-97. 

16. Schwartz ED, Cooper ET, Fan Y, Jawad AF, Chin CL, Nissanov J, 
et al. MRI diffusion coefficients in spinal cord correlate with axon 
morphometry. Neuroreport 2005; 16: 73-6. 

Kurtcan DTI Parameters in Children with Autism



287

17. Song SK, Sun SW, Ramsbottom MJ, Chang C, Russell J, Cross 
AH. Dysmyelination revealed through MRI as increased radial (but 
unchanged axial) diffusion of water. Neuroimage 2002; 17: 1429-36. 

18. Martino J, Brogna C, Robles SG, Vergani F, Duffau H. Anatomic 
dissection of the inferior fronto- occipital fasciculus revisited in the 
lights of brain stimulation data. Cortex 2010; 46: 691-9. 

19. Frazier TW, Hardan AY. Ameta-analysis of the corpus callosum in 
autism. Biol Psychiatry 2009; 66: 935-41. 

20. Poustka L, Jennen-Steinmetz C, Henze R, Vomstein K, Haffner J, 

Sieltjes B. Fronto-temporal disconnectivity and symptom severity 

in children with autism spectrum disorder. World J Biol Psychiatry 

2012; 13: 269-80. 

21. Assis ZA, Bagepally BS, Saini J, Srinath S, Bharath RD, Naidu PR, et 

al. Childhood autism in India: A case-control study using tract-based 

spatial statistics analysis. Indian J Psychiatry 2015; 57: 272-7. 

Bezmialem Science 2018;6(4):283-7


