
Subjects With Intellectual Disability and Familial Need for
Full-Time Special Education Show Regional Brain Alterations: A

Voxel-Based Morphometry Study
MINNA K. MANNERKOSKI, HANNU J. HEISKALA, KOEN VAN LEEMPUT, LAURA E. ÅBERG, RAILI RAININKO,
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ABSTRACT: Subjects attending full-time special education (SE)
often have multifactorial background for their cognitive impairment,
and brain MRI may show nonspecific changes. As voxel-based
morphometry reveals regional volume differences, we applied this
method to 119 subjects with cognitive impairments and familial need
for full-time SE—graded into three levels from specific disorders of
cognitive processes (level 1) to intellectual disability (IQ �70; level
3)—and to 43 age-matched controls attending mainstream education
(level 0). Subjects in SE groups had smaller global brain white matter
(WM), cerebrospinal fluid, and total brain volume than controls.
Compared with controls, subjects with intellectual disabilities in SE
level 3 showed greater regional gray matter volumes bilaterally in the
ventral and dorsal anterior cingulate cortex and smaller regional gray
matter volumes in the left thalamus and cerebellar hemisphere.
Further, they had greater WM volume in the left frontoparietal region
and smaller WM volumes in the posterior limbs of the internal
capsules. Subjects in SE level 1 and 2 groups showed the same
tendency, but the results were nonsignificant. In conclusion, com-
pared with controls, subjects with intellectual disabilities showed in
voxel-based morphometry analysis several regional brain alterations.
(Pediatr Res 66: 306–311, 2009)

In developed countries, approximately one of every five
school-aged children needs special education (SE) of some

type, and the need for full-time SE is �8% (1,2). Epidemio-
logic studies indicate that the etiology of intellectual disability
(ID) (ICD-10 codes F70–F79) is unexplained or multifactorial
in approximately half of the cases (3), a number even higher
among children with specific disorders of cognitive processes
(DCP). In MRI examinations, ventricular enlargements, subtle
callosal abnormalities, cerebral cortical anomalies, white mat-
ter (WM) signal intensity abnormalities, and mild cerebellar
fissure enlargements typically appear in subjects with ID
(4–7). These findings have been designated as neuroimaging
markers frequently associated with ID (5). Nevertheless, chil-
dren and adolescents with IDs of unexplained etiology often

have brain MRIs considered normal or that reveal only minor
abnormalities (5).

Voxel-based morphometry (VBM) is a fully automatic
method for assessing changes throughout the brain by analyz-
ing local volume differences (8). In children and adolescents
with cognitive deficits, many reports applying VBM exist
(9–14). However, to our knowledge, only one VBM study to
date has investigated children and adolescents with IDs of
unexplained etiology (15). Compared with controls, these
subjects had smaller global WM and total brain volumes and
also showed several local gray matter (GM) and WM volume
differences in both the cerebrum and the cerebellum (15). In
intellectually intact children and adolescents, volumetric MRI
studies with VBM have demonstrated a positive correlation
between global GM volume and general intelligence and
positive correlations between intelligence and local GM vol-
ume in many brain regions, including the frontal, temporal,
and parietal lobes and the cerebellum; the correlation varies
depending on the mean age of the study population (16,17).

In Finland, SE groups are graded according to intellectual
disability (IQ) ranges and specific DCP, and psychological
evaluation precedes transfer into full-time SE groups. Conse-
quently, SE groups included here separate subjects according
to their general cognitive abilities. Our hypothesis was that
subjects in full-time SE with ID or DCP of unexplained,
familial etiology share similar local brain volume changes in
several brain areas related to cognitive functions. We thus
carried out a fully automatic analysis of MR images of
subjects with ID or DCP and familial need for full-time SE
and correlated alterations between SE levels and controls.

METHODS

Patients. The study design and patient recruitment have been previously
published (18). Briefly, from the 4500 pupils comprising full-time SE groups
in the Uusimaa District, Finland, a sample of 900 children was collected in
random order. Of these, 119 siblings (mean age 11.9 y, SD 3.9; range 5.6 to
29.5; 73 boys) met the inclusion criteria (attending or had attended one of the
predefined full-time SE groups and had at least one sibling also in a full-time
SE group, etiology unexplained in both, i.e., the cause of the ID or DCP for
each subject remained unspecified in medical investigations performed to
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date) and underwent MRI. From each family, all siblings with need for
full-time SE were included in the study (number of siblings ranged from 2 to
4). The SE groups were categorized into three levels: in level 1 (n � 49; mean
age 10.9 y, SD 3.9; range 5.9 to 17.3), subjects had specific DCP, such as
problems in speech and language development, attention, sensory motor
skills, or mathematics, and they followed mainly the mainstream education
syllabus in small-sized classes; in level 2 (n � 40; mean age 12.2, SD 2.9;
range 5.3 to 17.7), subjects with borderline to mild ID had all courses in the
adjusted education syllabus; and in level 3 (n � 30; mean age 12.1, SD 5.7;
range 5.4 to 29.5), subjects with mild to severe ID were trained in daily
activities according to each subject’s abilities. Although the IQ distribution
between various levels was not mutually exclusive, in level 3, the IQ of all
subjects was below 70. The control group was categorized as level 0 and
consisted of 43 pupils (mean age 12.0 y, SD 3.1; range 6.1 to 18.6; 26 boys)
participating in mainstream education. The parents gave informed consent,
and Ethics Committee of the Rinnekoti Foundation and Ministry of Social
Affairs and Health in Finland approved the study protocol. Clinical data and
results of visual MRI analysis of study subjects in SE have been previously
published (18). In SE level 3, MRI findings existed more often than in other
groups and included thin corpus callosum and enlarged supra- and infraten-
torial cerebrospinal fluid (CSF) spaces. Controls were recruited for imaging
purposes only.

MRI examinations. All subjects underwent brain MRI at 1.5T (Siemens
Magnetom Vision; Siemens, Erlangen, Germany). We obtained T2-weighted
axial slices with a fast spin-echo sequence (TR/TE 3000/85, 14 ms, with slice
thickness 5 mm, gap 1.5 mm), an axial fluid attenuated inversion recovery
(FLAIR) sequence (TR/TE/T1 9999/105/2500 ms, with slice thickness 5 mm,
gap 1.5 mm), and a sagittal three-dimensional magnetization-prepared rapid
acquisition gradient echo (MPRAGE) sequence (TR/TE/T1 9.7/4.0/20 ms,
with slice thickness 1 mm, no gap). For all sequences, matrix was 256 � 256
and field-of-view 230.

After independent visual evaluation by two experienced radiologists (T.A.
and R.R.), we excluded the images of 10 subjects from VBM analyses (three
had extensive motion artifacts, two had extensive cerebral volume loss, and
five lacked some of the required 170 MPRAGE slices). Thus, 152 subjects (39
in level 0, 49 in level 1, 38 in level 2, and 26 in level 3) underwent the final
VBM analyses.

Image processing and statistical analysis. We analyzed our data with the
SPM2 software package (http://www.fil.ion.ucl.ac.uk/spm), using a VBM
approach (8) to identify brain regions significantly related to SE level. VBM
assesses changes throughout the brain, without requiring prior hypotheses of
potential areas of interest, by analyzing local differences in segmentations
automatically obtained. The standard VBM protocol is described in detail by
Ashburner and Friston (8); here, we summarize the main steps.

First, an anatomical template is created that is representative of all MR
images used in the study. By a nonrigid registration technique (see details
below), each image is spatially normalized to the ICBM 152 template
[Montreal Neurologic Institute (MNI), Quebec, Canada], which is derived
from 152 subjects and approximates the Talairach space. The images are then
resampled onto a common image grid, smoothed with a Gaussian kernel, and
averaged to create a mean (template) image. Second, all images are trans-
formed to the same stereotactic space by nonlinearly coregistering them with
the previously created template and resampling them onto a common image
grid. The nonrigid registration consists of an initial affine registration, fol-
lowed by a nonlinear deformation constructed as a linear combination of
smooth basis functions. Third, each image is segmented into WM, GM, CSF,
and nonbrain tissue by a Gaussian mixture classifier that explicitly models
intensity inhomogeneities caused by the MR acquisition process. The seg-
mentation process relies on prior probabilities for distribution of tissue types
throughout the brain, derived from a large number of segmentations of normal
subjects. Finally, the segmentation images are smoothed by convoluting with
a Gaussian kernel and subjected to statistical analysis (see below). The
smoothing step helps to overcome local shape differences not removed by the
nonlinear registration and additionally renders the data more conformable to
the assumptions made in subsequent statistical analyses (8,19).

For our analysis, we adopted the optimized VBM scheme proposed by
Good et al. (19), which is an improvement upon the standard VBM protocol
in a number of ways. We created study-specific prior probabilities for WM,
GM, and CSF by averaging the segmentations of all study subjects obtained
with the standard VBM protocol. We then used the resulting priors, which
better reflected the characteristics of our study population, to obtain improved
segmentations. We also corrected segmentation errors by removing uncon-
nected nonbrain voxels and calculated all nonrigid registrations by first
segmenting each image after affine normalization only and subsequently
calculating the nonlinear deformation by coregistering the resulting GM
segmentation with the GM prior probability map. Thus, nonbrain voxels do
not contribute to the estimation of the deformation field, affording optimal
spatial normalization in the brain tissues. Furthermore, we modulated the
segmentation images by the Jacobian determinants of the deformation fields
used to drive each image into the stereotactic space. This step ensures that the
original amount of tissue is preserved within each structure. As a result, any
differences found with VBM can be interpreted as local differences in absolute
tissue volume.

We assessed regional relationships between WM and GM volume between
controls in ME and subjects in full-time SE by group-wise comparisons
(controls versus level 1; controls versus level 2; and controls versus level 3)
by a general linear model that included SE level as a factor and gender, age,
and global mean voxel value (WM globals for the WM analysis and GM
globals for the GM analysis) as confounding covariates. The reason for
including global mean voxel values as confounding covariates is that this
allows us to assess regionally specific changes within the white/gray matter
compartments “over and above” global white/gray matter changes, which we
report separately. To correct for multiple comparisons, we used Gaussian
random field theory. Significance levels for one-sided t-statistics were set at
p � 0.025 (positive and negative effects were studied).

RESULTS

Global brain volume differences. For subjects attending
SE, the higher their SE group level, the smaller their total
brain volume (p � 0.013, Table 1). They also showed similar
negative correlations between global WM (p � 0.002) and
CSF (p � 0.033) volumes and their SE group level; however,
compared with controls, no significant differences in global
GM volumes existed (p � 0.110).

Regional brain volume differences. Table 2 presents the
MNI coordinates and cluster sizes for the regional GM and WM
volume differences detected between level 3 subjects and con-
trols. Subjects with IDs attending SE level 3 showed greater
regional GM volumes than controls bilaterally in the ventral
and dorsal anterior cingulate cortex (ACC) (Fig. 1). Compared
with controls, subjects in SE level 3 showed smaller local GM
volume in the left cerebellar hemisphere and the left thalamus
(Fig. 2); greater local WM volume in the left frontoparietal
region (Fig. 3); and smaller local WM volumes (Fig. 4)
bilaterally in the posterior limbs of the internal capsules.
Noteworthy is that compared with controls, subjects in SE
level 1 and 2 groups showed similar gray and WM volume
differences in corresponding regional brain areas; however,
the changes were smaller than for subjects in level 3 and thus
remained nonsignificant. The study groups showed no differ-
ences in regional CSF volumes.

Table 1. Mean global GM, WM, CSF, and total brain volumes of controls (level 0) and subjects with disorders of cognitive processes or
intellectual disabilities and familial need for full-time special education (levels 1–3)

Level 0 (n � 43) Level 1 (n � 49) Level 2 (n � 41) Level 3 (n � 32) p

Mean GM volume (SD), mL 779 (73.8) 760 (69.5) 741 (90.4) 730 (130.5) 0.110
Mean WM volume (SD), mL 431 (36.6) 403 (51) 403 (59.9) 379 (66) 0.002
Mean CSF volume (SD), mL 620 (89) 584 (90.4) 575 (110.5) 550 (107.2) 0.033
Mean total volume (SD), mL 1829 (174) 1747 (177) 1719 (238) 1656 (268) 0.013

Statistical analysis calculated by univariate analysis of variance, controlling for age and sex.
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DISCUSSION

In this volumetric study, we have demonstrated that in
subjects with ID or DCP and a familial need for full-time
SE, the mean global WM and total brain volumes were
smaller than in controls attending mainstream education.
This correlation was negative; in other words, those in the

highest (i.e., training education) SE level with ID had the
smallest global volumes. Correspondingly, in recent studies
of intellectually intact subjects, both the global WM vol-
ume and the total brain volume correlated positively with

IQ (16,17,20). Moreover, these studies also demonstrated a
positive correlation between global GM volume and IQ. In

Figure 1. Gray matter enlargements in anterior cingulate cortex of subjects with ID attending SE level 3, compared with controls. Voxels with significant
positive correlation in local tissue volume (p � 0.025, corrected for multiple comparisons) are shown. A, all the positively correlated voxels projected through
three main directions; B, the design matrix; C, voxels in the anterior cingulate cortex overlaid on the average of the spatially normalized MR scans of all subjects.

Figure 2. Gray matter shrinkage in left cerebellar hemisphere and left thalamus of subjects with ID attending SE level 3, compared with controls. Voxels with
significant negative correlation in local tissue volume (p � 0.025, corrected for multiple comparisons) are shown. A, all the positively correlated voxels projected through
three main directions; B, the design matrix; C, voxels in left cerebellar hemisphere overlaid on the average of spatially normalized MR scans of all subjects.

Table 2. VBM local volume differences between the subjects with intellectual disability and controls

Region

MNI coordinates

Cluster size Tvalue Adjusted p valuex Y z

Greater GM volume 4.51 �0.001
Ventral ACC 12 36 �2 2496
Dorsal ACC left �11 �39 32 1107
Dorsal ACC right 11 �47 28 666

Smaller GM volume 4.51 �0.001
Left cerebellum �11 �54 �15 4062
Left thalamus �8 �14 15 210

Greater WM volume 4.32 �0.001
Left frontaparietal region �18 �24 49 3099

Smaller WM volume 4.33 �0.001
Posterior internal capsule left �21 �31 10 141
Posterior internal capsule right 20 �26 9 815

Maximum coordinates in Montreal Neurological Institute (MNI) stereotactic space.
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fact, in our study, the mean global GM volumes were smaller in
subjects in SE than in controls, although the differences remained
nonsignificant. Similarly to our results, in a previous study of
intellectually disabled adolescents, both global WM and total
brain volumes, but not global GM volume, were smaller in
subjects than in controls (15).

In addition to global volume differences, we demonstrated
several regional volume differences between subjects with ID
(level 3) and controls. Compared with controls, findings for
level 3 subjects included greater GM volume in the anterior
cingulate cortex; smaller GM volume in the left superior,
medial cerebellar hemisphere, and left thalamus; greater WM
volume in the left frontoparietal region; and smaller WM
volume in both posterior internal capsules. The left-sided
alterations were on the dominant cerebral hemisphere because
a great majority of these subjects were right-handed. How-
ever, we were unable to include handedness in covariance
analysis because the handedness was not clear in all of the
subjects in SE. Noteworthy is that in a large volumetric study
of the effects of sex and handedness on brain structure, no
regional main effects of handedness were revealed (21).

According to data on previous cross-sectional, volumetric
reports of brain development in childhood and adolescence,
general intelligence seems to correlate positively with the
volume of various cortical regions depending on the mean age
of the study population. For younger children, the peak cor-
relation exists in the anterior cingulate cortex (16), whereas
for adolescents, these regions include the orbitofrontal and the
medial prefrontal cortex and the cerebellum (17), and for
adults, additionally the dorsal prefrontal cortex (22). More-
over, longitudinal reports show the development of the cortex
as a complex and dynamic process, with differing maturational
patterns for subjects with superior, high, and average levels of
general intelligence (23–25). In fact, according to Shaw et al.
(25), the correlation between intelligence and cortical thick-
ness (mainly in prefrontal area) changes from negative in early
childhood to positive in later childhood and adolescence. A
delay in regional cortical maturation of subjects with ADHD
was recently published (26). Although this study was not
longitudinal, the greater GM volume in the cingulate cortex of
subjects with ID and a familial need for full-time SE may be
due to disturbance in the normal maturation. Abnormalities in

Figure 3. White matter enlargements in left frontoparietal region of subjects with ID attending SE level 3, compared with controls. Voxels with significant
positive correlation in local tissue volume (p � 0.025, corrected for multiple comparisons) are shown. A, all the positively correlated voxels projected through
three main directions; B, the design matrix; C, voxels in left frontoparietal region overlaid on the average of spatially normalized MR scans of all subjects.

Figure 4. White matter shrinkage bilaterally in posterior limbs of the internal capsules of subjects with ID attending SE level 3, compared with controls. Voxels
with significant negative correlation in local tissue volume (p � 0.025, corrected for multiple comparisons) are shown. A, all the positively correlated voxels
projected through three main directions; B, the design matrix; C, voxels the in posterior limbs of the internal capsules overlaid on the average of spatially
normalized MR scans of all subjects.
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maturational processes are most likely linked to an underlying
genetic background because we investigated siblings with ID
or DCP of unexplained etiologies. Twin studies suggest that
global GM and WM volumes and regional cortical GM vol-
umes are highly genetically determined (20,27).

The ACC is under intense neuroimaging investigation and
has thus far proven to be a very versatile area. Nelson et al.
(28) showed the ACC to activate specifically when subjects
were performing conflicting stimulus-response working-
memory tasks. Furthermore, the ACC is involved in maintain-
ing attention and motivation and in many processes such as
working and spatial memory, adaptive behavior, cognitive
fluency, making optimal decisions, and monitoring response
conflict, errors, and unfavorable outcomes, all essentially as-
sociated with learning (29–32). As the ACC is activated in
numerous situations of cognitive processes and learning, dis-
turbed activity-dependent plasticity may also be involved
(33,34).

Some examples of assumed activity-dependent plasticity
changes detected in MRI studies exist. In Tourette syndrome,
a volumetric study showed greater GM volume bilaterally in
the ventral putamen than in controls (35), and a PET study
suggested overactive basal ganglia in subjects with Tourette
(36). In dyslexic boys, an fMRI study showed overactivation
of the precentral gyrus (37), and a voxel-by-voxel analysis of
adult dyslexics revealed increased GM density in the corre-
sponding area (38). In intellectually intact subjects, an exam-
ple of activity-dependent plasticity changes leading to altered
regional brain volumes includes local training-induced GM
increases in persons learning to juggle (39).

A diffusion tensor MRI study of human brain maturation
showed that the thalami and posterior internal capsules reach
the 90% maturational stage only in the early twenties (40).
Maturational abnormalities could therefore explain the smaller
GM and WM volumes of the left thalami and the posterior
internal capsules in our subjects in SE level 3. Thalamic
alterations have been reported in subjects with cognitive im-
pairments (14), and in healthy adolescents, general IQ corre-
lated positively with GM volume in the thalamus (17).

Visual analysis of the brain MRI of our subjects in SE level
3 revealed that they possessed, unlike controls, enlarged cer-
ebellar fissures (18). Therefore, the smaller GM volume of the
cerebellum detected by VBM was expected. Previously, a
weak correlation between total cerebellar volume and IQ has
been described (41), and the role of the cerebellum in various
cognitive processes acknowledged (42,43).

In our study, the greater WM volumes in subjects in SE
were located in the posterior frontal and anterior parietal
regions. The smaller total brain WM volume has been sug-
gested to indicate delayed myelination in children with global
developmental delays (44), and while diffuse WM abnormal-
ities for children with a single domain developmental delay
have been described (45), reports of regional WM alterations
related to cognitive impairment and learning in children are
rare. One of these reports a frontoparietal WM enlargement in
children with developmental language disorder (46).

Our population-based setting, a sufficiently large popula-
tion, and a low number of subjects with severe visible abnor-

malities resulting in exclusion (18) enabled reliable VBM
analyses. In SE level 3, the overall CSF volumes were smaller
than in controls, although in visual analysis they more often
than controls had enlarged CSF spaces. However, subjects
with the most extensively enlarged CSF spaces were excluded
from the VBM analysis.

Limitations. This study has, however, some drawbacks that
limit generalization of the results. There is a lack of informa-
tion on individual general IQs, which could have served as a
dependent variable in the analyses. Instead, we chose SE level,
which, in addition to placing the child in a certain IQ range,
tells us the functional level of the child in the school environ-
ment. At level 3, because two siblings (a twin pair) were born
preterm at gestation week 29, their prematurity may explain at
least part of their mental impairment. Their visual MRI eval-
uations were, however, normal and showed no signs of the
ischemic changes often associated with prematurity. Because
these twins had an older brother with a similar mental impair-
ment who was born at term, they were considered to have an
unknown shared cause. Siblings in SE had a greater age range
than controls due to inclusion of two adult siblings (one
24-y-old and one 29-y-old) in SE level 3.

We have reported statistical group differences in both global
white and gray matter volumes, as well as regional differences
above and beyond such global changes. Although our proce-
dure for normalizing out global volumes from regional vol-
ume changes (by including them as confounding covariates in
each local general linear model) is standard practice in VBM
analysis (19), global normalization is known to be a thorny
issue in neuroimage analysis (47,48). In particular, because we
have calculated global effects by integrating regional volume
measurements across the entire brain, global and regional
effects may be confounded, thereby reducing the sensitivity of
our method for detecting true local volume changes (47).
More robust global measures may be obtained by examining
only brain regions that are relatively unaffected (47), but
because knowing what these regions are in turn requires the
outcome of a morphometric study, we have not pursued this
option further.

In conclusion, compared with controls in mainstream edu-
cation, subjects with ID from families with two or more
siblings in full-time SE showed several regional volume dif-
ferences in brain areas known to be involved in various
cognitive processes. Further investigations with fMRI and
diffusion tensor imaging fiber tractography are warranted to
explore both the function and the structure of these areas in
children and adolescents in full-time SE.
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