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Abstract
Attention-deficit/hyperactivity disorder (ADHD) is characterized by widespread structural and
functional abnormalities in the cortico-striato-thalmo-cortical (CSTC) loops that subserve
attention and executive functions. In this study, we analyzed thalamic shape and its white matter
connections using structural MRI and diffusion tensor imaging (DTI) data acquired from children
with ADHD (n=19) and controls (n=19). Shape morphology of the thalamus was assessed using
shape-based analysis, while connectivity between the thalamus and other brain regions was
determined using probabilistic diffusion tractography. Shape-based analysis indicated significant
regional atrophy in the left thalamus in children with ADHD compared to controls. Group
analyses of white matter connectivity measures showed significantly decreased mean fractional
anisotropy (FA) and volume of the tracts between thalamus and striatum, hippocampus, and
prefrontal lobe in children with ADHD compared to controls. The structural abnormalities within
the thalamus and the reduced integrity of the white matter tracks between thalamus and other brain
regions, as shown from the results of this study, may be the anatomical bases of the impaired
cognitive performances in the attention and executive function domains in ADHD.
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1. Introduction
Attention-deficit/hyperactivity disorder (ADHD), one of the most commonly diagnosed
childhood neurodevelopmental disorders, is characterized by inattention, impulsivity, and/or
hyperactivity, which interfere with various aspects of the academic, home, and/or social
lives of these children (American Psychiatric Association, 1994). Studies report that children
with ADHD have deficits in executive function (Sergeant et al., 2002), working memory
(Castellanos and Tannock, 2002), response inhibition (Barkley, 1997), selective attention
(Booth et al., 2005), and delay of reward (Sonuga-Barke et al., 1992). Although the etiology
of these conditions are not clear, converging evidence indicates that cortico-striato-thalamo-
cortical (CSTC) loops likely subserve the functions of attention and cognition, and
disturbances of CSTC loops may cause abnormal information processing leading to the
hallmark of ADHD (Rowe et al., 2005; Bush et al., 2005; Dickstein et al., 2006; Schneider
et al., 2006; Ivanov et al., 2010; Cubillo et al., 2011).

Structural and functional imaging studies in ADHD have predominantly reported
abnormalities of fronto-striatal/fronto-subcortical circuitry, which is a part of the CSTC
loops, linking prefrontal cortex and the striatum (Schneider et al., 2006; Paloyelis et al.,
2007). Structural and functional abnormalities in other cortical regions, including anterior
cingulate, temporal, and posterior parietal cortices, have also been reported in ADHD
(Cherkasova and Hechtman, 2009). These regions may contain efferents to and/or from
fronto-striatal circuitry, and are partly mediated via the thalamus during attention and other
cognitive performances. Disturbances of these regions may contribute to difficulty with
attention in ADHD (Fan et al., 2005; Schneider et al., 2006).

The thalamus is an important component of the CSTC loops. It forms a crucial link between
the basal ganglia (striatum) and cerebral cortices by relaying output to specific cortices and
mediating the flow of information between cortical networks (McFarland and Haber, 2002;
Smith et al., 2008). Studies have provided evidence of functional and structural
abnormalities in the thalamus in individuals with ADHD. Biological studies have revealed
an energy deficiency in the thalamus in children and adolescents with ADHD (Ferreira et al.,
2009; Cortese et al., 2011). Task-based fMRI studies have demonstrated reduced blood-
oxygen-level dependent (BOLD) activation in the thalamus during tasks of motor inhibition
and cognitive switching in adults with ADHD, which are persistent from childhood (Cubillo
et al., 2010), and reduced BOLD activation in the thalamus during task switching in adults
with ADHD (Dibbets et al., 2011). Resting-state fMRI studies have reported abnormal
functional connectivity between thalamus and striatum, hippocampus and amygdala within
CSTC loops in children with ADHD (Cao et al., 2009; Qiu et al., 2011). Diffusion tensor
imaging (DTI) studies have reported white matter abnormalities within the thalamus in
children and adolescents with ADHD (Silk et al., 2009). Shape analyses of subcortical
structures have been increasingly utilized to closely assess the locations and patterns of
structural abnormalities within the subcortical structures in neurological and psychiatric
disorders such as Schizophrenia, Parkinson’s or Alzheimer’s diseases (McKeown et al.,
2008; Kang et al., 2008; Shaw and Rabin, 2009; Coscia et al., 2009; Zarei et al., 2010; Smith
et al., 2010). Rarely have shape analyses been applied to the studies of ADHD, but one such
study examined the thalamic morphology and reported regional deficits, especially at the
pulvinar nuclei from both hemispheres in the youth with ADHD, but there was no change in
overall thalamic volume, compared to controls (Ivanov et al., 2010).

As reviewed above, imaging studies have indicated thalamus-related functional and
structural abnormalities in patients with ADHD. Based on these findings, we hypothesized
that regional structural anomalies of the thalamus and disrupted white matter connections
between thalamus and other brain regions could exist and may contribute to the
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pathophysiology of ADHD. In this study, we analyzed the structural MRI and DTI data
acquired from children with combined-type ADHD and group-matched controls, to examine
the thalamic shape features and its white matter connections with other brain regions.
Vertex-based method was applied to the structural MRI data to analyze the thalamic shape
features. Fractional anisotropy (FA), which is an index of the directional selectivity of water
diffusion, and probabilistic diffusion tensor tractography were applied to the DTI data, to
evaluate the connectivity patterns of the white matter pathways between thalamus and other
brain areas.

2. Methods
2.1. Participants

Thirty-eight children (9–15 years old) were included in this study. The 19 children with
ADHD were recruited from the Children’s Evaluation and Rehabilitation Center at Albert
Einstein College of Medicine, and the Max and Celia Parnes Family Psychological and
Psychoeducational Services Clinic of the Ferkauf Graduate School of Psychology. The 19
controls were recruited from an established pool of volunteers at Einstein and from local
schools by newspaper advertisements. Inclusion criteria for ADHD group were meeting
current DSM-IV criteria for combined type ADHD. We included the new K-SADS
screening questions and supplements as appropriate to rule out pervasive developmental
disorders, substance use and abuse, and posttraumatic stress (Kaufman et al., 1997).
Comorbidity with Oppositional Defiant Disorder (ODD) with physical aggression (using
DSM-IV diagnostic criteria) was exclusionary, as this type of ODD is likely to progress to
CD, whereas ODD without physical aggression does not usually progress (Biederman et al.,
1996). Similarly, all other current Axis I disorders (except for Specific Phobia, e.g., fear of
the dark, which is extremely common and can represent a normal variant in young children),
and lifetime history of pervasive developmental disorders were exclusionary. Healthy
controls included children who had T-scores < 60 (< 1 SD) on all Conners Parent ADHD
subscales (ADHD Index, Hyperactivity, Cognitive Problems/Inattention and all 3 DSM-IV
subscales). Presence of any current Axis I disorders (except for Specific Phobia), Learning
Disorders, or a lifetime history of any pervasive developmental disorders or substance abuse
were exclusionary in healthy controls. Additional exclusion criteria for both groups included
head trauma or seizures with loss of consciousness, MR safety and artifact risk factors (e.g.
pacemakers, teeth braces), or IQ below 80, as measured by the Wechsler Abbreviated Scale
of Intelligence (Wechsler, 1999) to minimize neurobiological heterogeneity. Eight children
in the ADHD group had been treated by short-term-effect stimulant medication (Ritalin). A
48 hours’ wash-out period was administrated to each of these patients before the day of the
MRI scanning.

This study received Institutional Review Board Approval for human subjects’ research at
Albert Einstein College of Medicine of Yeshiva University. After the study and its
procedures were carefully explained, written informed consent was provided by all
participants and their parents.

2.2. MRI acquisition protocol
High-resolution 3-dimensional T1-weighted structural MRI and DTI data were acquired
from each subject on a 3T Philips Achiva TX MR system with a 32-channel phased array
head coil (Invivo, Gainsville, Fl). T1-weighted data was acquired using MPRAGE
sequences: TR = 9.8ms, TE = 4.6 ms, flip angle = 8°, voxel size = 1mm × 1mm × 1mm,
FOV = 240mm × 188mm × 220mm, SENSE reduction factor =2.5. DTI data was acquired
using an echo planar imaging (EPI) sequence with a b-value = 800 s/mm2 along 32
independent, non-collinear orientations. TR=7367ms, TE = 56ms, flip angle = 90°, voxel
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size: 1.67mm × 1.67mm × 2mm, field of view (FOV) = 240mm × 249mm, imaging matrix =
144 × 144, number of slices = 70, and SENSE reduction factor = 2.5. We also collected one
additional image with no diffusion weighting (b = 0).

2.3. T1-weighted data processing
T1-weighted data were initially skull-stripped using the Brain Extraction Tool (BET)
(Smith, 2002). Any non-brain tissues were then manually removed. Analyses of thalamic
shape and volume were performed using the FSL/FIRST tool (Patenaude et al., 2008).
FIRST tool provided the template of the thalamus from each side of the brain, which was
generated by averaging a set of manually segmented thalami from the FSL training data. The
surface parameterization of each thalamus template was then used to create a target mesh
with a fixed number of vertices (Patenaude, 2007; Patenaude et al., 2011). For each subject
involved in this study, the thalamus in each hemisphere was segmented and parameterized
automatically aided by the training data from FIRST. The target mesh from the FIRST
models (in MNI152 space) was used to which surfaces from the individual subjects were
aligned. Pose (rotation and translation) was removed by minimizing the sum-of-squares
difference between the corresponding vertices of a subject’s surface and the target. Then, the
three-dimensional coordinates of corresponding vertices of each subject were compared to
that of the target, representing the local shape changes of each subject. The result of each
step in the FIRST procedure was visually inspected.

To calculate the volume of each thalamus from each subject while simultaneously reducing
head-size related variability between subjects, we first normalized the brain size of each
subject to the template provided by the FSL/SIENA tool, thus obtaining a scaling factor for
that brain (FSL/SIENA tools (Smith.S.M. et al., 2002)). The normalized thalamic volume
was defined as the FIRST obtained thalamic volume multiplied by the estimated scaling
factor for that subject.

2.4. DTI data processing
DTI data was processed using FMRIB’s Diffusion Toolbox (FDT Version 2.0) (Behrens et
al., 2007). For each subject, the diffusion-weight images were registered to the additionally
acquired non-diffusion-weighted reference image (b0 image) using an affine, 12 degrees of
freedom registration (Jenkinson and Smith, 2001). Then the fractional anisotropy (FA) value
at each brain voxel was computed. The FSL/BEDPOSTX tool was used to generate the
probability distributions of diffusion parameters within each voxel, including modeling for
diffusion of crossing fibers along two directions (Behrens et al., 2007).

The seed and target region-of-interest (ROI) clusters for probabilistic tractography were
created based on the Harvard-Oxford Cortical Atlases (Desikan R.S. et al., 2006) and the
Julich Histological Atlas (Eickhoff et al., 2005) from the MNI standard space, and mapped
to the DTI data. These ROI clusters included the thalamus, striatum (including putamen,
caudate nuclei and globus pallidum), hippocampus, amygdala, and cerebral cortices
(prefrontal, primary motor, premotor, somatosensory, posterior parietal, temporal, and
occipital cortices), from each hemisphere. We used the multi-fibre probabilistic
connectivity-based method to determine the number of pathways between the seed
(thalamus) and each of the target clusters (Johansen-Berg et al., 2004). We utilized the
default setting of parameters for the Markov Chain MonteCarlo estimation of the
probabilistic tractography: 5000 individual pathways were drawn on the principle fibre
direction of each voxel within the seed ROI using the probability distributions; curvature
threshold of 80° to exclude implausible pathways; a maximum number of 2000 travel steps
of each sample pathway and a 0.5mm step length. This step also provided an estimation of
the distribution of the sample pathways, which had been sent out from the seed ROI, in the
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remainder of the whole brain. The number of pathways that existed through each voxel from
the remainder of the brain was labeled. The non-zero labeling voxels were taken as the
initial elements of the tracks between the seed and target. In order to remove the brain
voxels with low probability of connecting the seed and target, the final tracks excluded the
voxels, if one had a number of pathways that was less than the average of the pathway
numbers from all the non-zero labeling voxels. Figure 1 demonstrated the resulting tracts
from each thalamus for one subject randomly selected from the control group. The mean FA
value and volume of each tract for each subject were extracted for group comparisons.

2.5. Statistical analysis
In the thalamic shape analysis, group comparisons of vertex measures of each thalamus
between children with ADHD and normal controls were carried out using an F-statistic and
corrected for multiple comparisons using FDR corrections. Group comparisons of the
connectivity-based DTI data analysis were performed using SPSS18 (SPSS Inc, Somers,
NY), where volumes and mean FA of the fiber tracts were compared between children with
ADHD and normal controls using multiple analysis of covariance analysis. Clusters from
left and right hemispheres were analyzed separately. The Bonferroni correction for multiple
comparisons was applied. For both thalamic shape and white matter connectivity analyses,
age was added as random effect covariate and gender was added as fixed effect covariate,
during group comparisons. A significance threshold of P < 0.05 was used.

3. Results
3.1. Demographic information

Demographic information for the participants was provided in Table 1. ADHD and controls
group did not differ significantly in age (t = 1.78, df = 36, p = 0.084) and IQ (t = 1.57, df =
36, p = 0.125), while they differed significantly in gender (χ2 = 4.34, df=1, p = 0.037).
Participants were dominated by right handedness in both groups (ADHD: 17/19; controls:
18/19).

3.2. Thalamic volume
Compared to controls, children with ADHD exhibited significantly smaller thalamic volume
in the right hemisphere (ADHD, 4917.6± 560.9 mm3; Controls, 5309.0 ± 654 mm3, F =
5.332, df = 1, 34, P= 0.027) after controlling for age and gender. A smaller thalamic volume
in the left hemisphere (ADHD, 4876.5± 592.8 mm3; Controls, 5199.4 ± 657.5 mm3) was
also found, although the finding was below the significance level (F = 0.815, df = 1, 34,
P=0.373) after controlling for age and gender.

3.3. Shape analysis using vertex-based comparison
Group comparisons of vertex displacement in the thalamus revealed significant regional
atrophy in the anterior and posterior regions of the thalami from both hemispheres in ADHD
group. After FDR correction for multiple comparisons, children with ADHD showed
significant Regional atrophy in the ventral anterior nuclei, medial dorsal nuclei and pulvinar
nuclei of the left thalamus. According to the Oxford Thalamus Connectivity Probability
Atlas (Behrens et al., 2003), these areas in the thalamic nuclei should have connections with
the prefrontal and temporal cortices. FDR-corrected analysis of the right thalamus showed
that there was no significant difference of regional morphology between two groups. Figure
2 provided a visual demonstration of group comparisons of the bilateral thalamic shapes.
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3.4. DTI connectivity-based analysis
The results of between-group comparisons of the volumes of white matter fiber tracts
between the thalamus and cortical regions were provided in Table 2. Compared to the
controls, children with ADHD showed significantly smaller volume of the white matter fiber
tracts between thalamus and striatum (left T-S, F=5.67, df=1, 34, p=0.023), and between
thalamus and motor cortex (left T-MC, F=4.66, df=1, 34, p=0.038) in the left hemisphere. A
significantly smaller volume of the white matter fiber tracts between thalamus and striatum
(right T-S, F=4.24, df =1, 34, p=0.047) in the right hemisphere was also shown. There were
no significant differences in other tracts. Group comparisons of the mean FA within the
white matter fiber tracts showed significant FA reductions in the white matter bundles
between the thalamus and striatum bilaterally (T-S, left: F=4.82, df=1, 34, p=0.035; right:
F=4.37, df=1, 34, p=0.044), between the thalamus and hippocampus (left T-H, F=5.34,
df=1, 34, p=0.027) in the left hemisphere, and between the thalamus and prefrontal cortex
(right T-PFC, F=4.21, df=1, 34, p=0.048) in the right hemisphere in children with ADHD
compared to controls (Table 3).

4. Discussion
This study examined the thalamic volume, surface shape, and the integrity of the white
matter connections between the thalamus and the striatum, hippocampus, amygdala, and
cortical regions from the prefrontal, motor, somatosensory, parietal, temporal, and occipital
cortices in children with ADHD and controls, using shape-based analysis and connectivity-
based analysis on structural and DTI data. Shape-based analysis demonstrated the
significantly reduced right thalamic volume in children with ADHD. Regions with local
surface atrophy were located in the ventral anterior nuclei, medial dorsal nuclei and pulvinar
of the left thalamus. Connectivity-based analysis demonstrated that the connectivity bundles
between the thalamus and the striatum were disturbed in children with ADHD.

Our study demonstrated structural anomalies associated with the thalamus in children with
ADHD. The thalamus has been shown to be an important component of the CSTC loops that
are of critical importance for the modulation of higher cognitive, emotional and attentional
processes (Mega and Cummings, 1994). The thalamus has been found to involve in the
selective control of the flow of sensory-motor information during different states of sleep-
wake cycle and arousal through the thalamo-cortical connections and regulate the states of
consciousness, sleep and alertness (McCormick and Bal, 1994; Guillery and Sherman,
2002). A portion of children with ADHD had reported sleep difficulties, such as inadequate
sleep duration, excessive daytime sleepiness, et al (Owwns, 2005). The excessive motor
activity could be a cause for these children with ADHD to stay awake and alert (Weinberg
and Brumback, 1990). These evidences showed that children with ADHD may have a deficit
in alertness or hypoarousal functioning (Miano et al., 2006; Konofal et al., 2010). The
structural anomalies of the thalamus and the reduced integrity of its white matter
connections may contribute to these symptoms.

This study demonstrated a prominent local atrophy in the ventral anterior thalamic nuclei
and significant volume reduction in the white matter fiber tracts between this subregion of
the thalamus and the motor cortex in the left hemisphere in children with ADHD. The
ventral anterior thalamic nuclei receive prominent cortico-striatum inputs from more rostral
motor and prefrontal cortical areas, and project information to more caudal motor areas,
affecting motor output or behavior (McFarland and Haber, 2002). Animal studies using
electroencephalography techniques have also shown that the failure of dopaminergic
transmission disinhibited the indirect pathway and reduced the inhibitory effects of the
direct pathway in the cortico-striatal-thalamic loop, both of which release inhibitory neurons
that project to ventral lateral, ventral anterior and centromedian nuclei of the thalamus, and
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the abnormal inhibition of these thalamic nuclei led to disturbances of both motor and
emotional control (Sterman, 2000). These findings together suggest that the structural
abnormalities of the ventral anterior nuclei and the disturbance of the white matter
connections between this sub-region and other brain areas may contribute to the deficits of
inhibitory and higher order motor control in children with ADHD.

Our study also demonstrated the disturbed white matter fiber pathways between the
thalamus and striatum in children with ADHD. Modern anatomical and physiological
studies have shown that the ventral anterior and ventral lateral nuclei of the thalamus
provide substantial connections with the striatum, and mediate basal ganglia output to the
frontal cortex (McFarland and Haber, 2001; Matsumoto et al., 2001; Smith et al., 2004;
Kuramoto et al., 2009). The ventral anterior nuclei of the thalamus have been found to be
one of the major sources of the thalamo-striatal projections, and associated with arousal,
attention, orienting and action selection (Kimura et al., 2004; McHaffie et al., 2005). The
disrupted white matter fiber connections between the thalamus and striatum may play a vital
role in the pathophysiology of the inattention component of ADHD.

Our findings of the regional atrophy in the pulvinar complex are consistent with a previous
study in youth with ADHD (Ivanov et al., 2010). DTI analyses of our study also reported FA
reduction of the white matter connections between the pulvinar complex and hippocampus
in children with ADHD compared to controls. Efferents of the pulvinar complex have been
found to terminate in cortical regions in the prefrontal, parietal, occipital, and temporal lobes
as well as in the limbic regions, including hippocampus (Berson and Graybiel, 1978;
Romanski et al., 1997). These pulvinar-cortical and pulvinar-limbic connections have been
found to subserve arousal, selective attention, learning and memory function and orientation
to visual and auditory stimuli (Grieve et al., 2000; Casanova et al., 2001). Pulvinar nuclei
have also been found to generate signal related to the salience of visual objects and be
involved in the selection of salient targets and filtering of non-salient distracters(Robinson
and Petersen, 1992). Thus, structural abnormalities associated with the pulvinar complex in
children with ADHD could contribute to disrupted attention (Michael and Desmedt, 2004).

Our study reported significantly reduced volume of the thalamus on the right hemisphere. A
previous study reported that there was no thalamic volume difference between youth with
ADHD and group matched controls (Ivanov et al., 2010). One possible reason for this
inconsistency is that the majority of patients with ADHD (31 from the 46), who were
involved in Ivanov’s study, had been treated by medications before and at the time of
scanning. Ivanov et al. reported that these treated patients had larger thalamic volumes than
those who had not been treated (Ivanov et al., 2010). In our study, 8 of the 19 children with
ADHD had been taking short-term-effect stimulant, Ritalin. The others were never
medicated. We scheduled a wash-out period of 48 hours for the 8 medicated patients before
the scanning date. Another possible reason for this inconsistency is the difference of age
ranges in both studies. We included children from 9 to 15 years old, whereas Ivanov et al.
included a larger age range (8 to 18 years old).

Our study has several limitations. This study found regional thalamic shape abnormality and
decreased integrity in the white matter tracts between thalamus and other brain regions in
children with ADHD. However, MRI-based measures themselves could not provide further
insight of these structural anomalies. A study using 1H-magnetic resonance spectroscopy
(MRS) reported reduced neuronal energetic metabolism in the pulvinar region of the
thalamus (Ferreira et al., 2009), which provided support of a theory of the ‘energetic
deficiency’ in fronto-striatal-thalamic structures in ADHD (Todd and Botteron, 2001).
Deficient energy may result in the reductions of the both target region size and number of
catecholaminergic synapses by interfering with activity-dependent synapse formation and
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stabilization (Todd et al., 1995; Todd and Botteron, 2001). Second, we included both male
and female subjects in both groups. The gender difference between the two groups was
significant. We acknowledge possible gender-related differences of the subcortical and
white matter maturation patterns in typical developing children (Reiss et al., 1996; Elize et
al., 2001), and possible sex-related heterogeneity in ADHD (Ramtekkar et al., 2010).
However, the sample size of our study was not large enough to run the between-gender
comparisons in each group. Although we added the gender as a fixed effect covariate for
group comparisons, a future research can focus specifically on examining the gender effects
upon abnormalities of the thalamic shape and its white matter connections. One more future
work should also focus on the examination of the associations between these thalamic-
related structural abnormalities and the clinical symptoms in ADHD.
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Figure 1.
The visual demonstration of the white matter tracks in the left hemisphere constructed from
one subject randomly selected in the control group. Item A showed the tracks between
thalamus and prefrontal cortex (T-PFC, blue), motor cortex (T-MC, green), somatosensory
cortex (T-SSC, yellow), posterior parietal cortex (T-PPC, pink), temporal cortex (T-TC,
light blue), and occipital cortex (T-OC, light green); B showed the track between thalamus
and striatum (T-S); C showed the track between thalamus and hippocampus (T-H); and D
showed the track between thalamus and amygdale (T-A). (Thalamus is labeled in red.)
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Figure 2.
Group comparison of the regional thalamic shape in each hemisphere. The first and second
columns illustrated the statistical maps using vertex-based comparison of each thalamus
between children with ADHD and controls, with and without FDR corrections. The third
column showed that according to the thalamus atlas, the regions, which had regional shape
abnormalities in ADHD group, were connected with the prefrontal and temporal cortices.
PFC = prefrontal cortex; Tem = temporal cortex. In the color-coded bar of p values, p=0.134
(F =2), p=0.059 (F =2.75), p=0.027 (F=3.5), p=0.012 (F=4.25), p=0.006(F=5) were given
(freedom of degree: 3, 32).
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Table 1

Demographic Characteristics of children with ADHD and controls

Controls (n=19) (Mean ± SD) ADHD (n=19) (Mean ± SD) Test statistic P

Age 12.2 ± 2.3 10.9 ± 2.3 t=1.78 0.083

Male/Female 10/9 14/5 χ2 = 4.34 0.037

Left/Right handedness 1/19 2/17 -- --

Full scale IQ 110.5 ± 12.6 102.8 ± 17.0 t=1.57 0.125
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Table 2

Group comparisons in the volumes (mm3) of the white matter fiber tracts

ROI Control (Mean ± SD) ADHD (Mean ± SD) p-value

Left T-S 5438 ± 1785 5088 ± 1177 0.023

Left T-H 2292 ± 716 1828 ± 859 0.516

Left T-A 1962 ± 768 1917 ± 682 0.194

Left T-PFC 14677 ± 5045 13782 ± 4119 0.240

Left T-MC 9343 ± 2271 7705 ± 2903 0.038

Left T-SSC 4253 ± 1334 4139 ± 1593 0.307

Left T-PPC 7143 ± 2118 6613 ± 3216 0.646

Left T-TC 7160 ± 2829 6305 ± 2654 0.538

Left T-OC 10514 ± 3960 9639 ± 4410 0.518

Right T-S 5995 ± 1718 5513 ± 1392 0.047

Right T-H 1619 ± 565 1419 ± 584 0.507

Right T-A 2112 ± 1082 2075 ± 1526 0.445

Right T-PFC 15829 ± 4048 14977 ± 4494 0.663

Right T-MC 8008 ± 2112 6982 ± 2898 0.914

Right T-SSC 4337 ± 1543 3852 ± 1193 0.810

Right T-PPC 7503 ± 1865 7122 ± 2887 0.478

Right T-TC 7019 ± 3080 5383 ± 2793 0.085

Right T-OC 12169 ± 2850 10630 ± 3409 0.693

T-S: the tract between thalamus and striatum; T-H: the tract between thalamus and hippocampus; T-A: the tract between thalamus and amygdale;
T-PFC: the tract between thalamus and prefrontal cortex; T-MC: the tract between thalamus and motor cortex; T-SSC: the tract between thalamus
and somatosensory cortex; T-PPC: the tract between thalamus and posterior parietal cortex; T-TC: the tract between thalamus and temporal cortex;
T-OC: the tract between thalamus and occipital cortex.
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Table 3

Group comparisons of the FA values of the white matter fiber tracts

ROI Control (mean ± SD) ADHD (mean ± SD) p-value

Left T-S 0.43 ± 0.03 0.41 ± 0.03 0.035

Left T-H 0.31 ± 0.04 0.30 ± 0.03 0.027

Left T-A 0.35 ± 0.02 0.34 ± 0.03 0.482

Left T-PFC 0.44 ± 0.03 0.43 ± 0.04 0.850

Left T-MC 0.50 ± 0.02 0.50 ± 0.03 0.718

Left T-SSC 0.49 ± 0.02 0.50 ± 0.02 0.752

Left T-PPC 0.45 ± 0.03 0.46 ± 0.03 0.278

Left T-TC 0.40 ± 0.03 0.40 ± 0.04 0.784

Left T-OC 0.47 ± 0.02 0.47 ± 0.03 0.683

Right T-S 0.42 ± 0.02 0.40 ± 0.03 0.044

Right T-H 0.31 ± 0.05 0.31 ± 0.02 0.770

Right T-A 0.34 ± 0.04 0.33 ± 0.04 0.252

Right T-PFC 0.44 ± 0.03 0.43 ± 0.03 0.048

Right T-MC 0.49 ± 0.02 0.50 ± 0.03 0.133

Right T-SSC 0.49 ± 0.02 0.50 ± 0.03 0.117

Right T-PPC 0.45 ± 0.03 0.46 ± 0.03 0.408

Right T-TC 0.42 ± 0.04 0.41 ± 0.04 0.634

Right T-OC 0.45 ± 0.02 0.47 ± 0.03 0.061

T-S: the tract between thalamus and striatum; T-H: the tract between thalamus and hippocampus; T-A: the tract between thalamus and amygdale;
T-PFC: the tract between thalamus and prefrontal cortex; T-MC: the tract between thalamus and motor cortex; T-SSC: the tract between thalamus
and somatosensory cortex; T-PPC: the tract between thalamus and posterior parietal cortex; T-TC: the tract between thalamus and temporal cortex;
T-OC: the tract between thalamus and occipital cortex.

Psychiatry Res. Author manuscript; available in PMC 2013 November 30.


