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Abstract
Changes in cortical thickness can be related to neuropsychiatric disorders and neurodegenerative processes. Previous studies 
have been conducted to characterize the pattern of changes in cortical thickness in several psychiatric diseases. The aim of the 
present study was to evaluate changes in cortical thickness with magnetic resonance imaging (MRI) in patients with bipolar 
disorder. Twenty-seven patients with bipolar disorder (14 male, 36.0 ± 16.2 years old; 13 female, 41.6 ± 10.7 years old) and 
40 healthy controls (16 male, 36.0 ± 10.5 years old; 24 female, 37.0 ± 4.7 years old) underwent 3T MRI. Sagittal T1-weighted 
magnetization prepared rapid acquisition gradient echo images were acquired (voxel size, 1.33 mm3; 128 slices; in-plane 
matrix resolution, 256 × 256; flip angle, 7º; repetition time, 2530 ms; echo time, 3.39 ms; inversion time, 1100 ms). Cortical 
segmentation was performed using FreeSurfer 4.0.5. The results indicated both thinning and thickening of the cerebral cortex in 
patients with bipolar disorder compared with controls, depending on gender. Significant (p < .01) thickening was observed in the 
right hemisphere superior-parietal cortex in female patients with bipolar disorder, and significant (p  < .05) thinning was observed 
in the left hemisphere caudal-anterior cingulate in male patients with bipolar disorder. The other regions did not show significant 
differences. The results suggest that an analysis of cortical thickness with MRI in patients with bipolar disorder may allow 
identification of areas that may be morphologically changed compared with controls. Demonstration of these alterations will 
elucidate the pathophysiology of bipolar disorder and may contribute to better therapies for this disorder. Keywords: Magnetic 
resonance imaging, neuroimaging, bipolar disorder, cortical thickness, morphometry.
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Introduction

Bipolar affective disorder is a common, life-
long progressive illness that normally begins in 
adolescence, with a lifetime prevalence of 1.0% 
(Lewinsohn, Klein, & Seeley, 1995). Several magnetic 
resonance imaging (MRI) studies have related 
morphological brain changes in bipolar disorder 
patients with healthy people, mainly in the frontal 

lobe (Soares & Mann, 1997; Strakowski, Adler, & 
Del Bello, 2002; Drevets et al., 1997), ventricles and 
white matter (McDonald et al., 2004; Stoll, Renshaw, 
Yurgelun-Todd, & Cohen, 2000), subcortical regions 
(amygdala; Altshuler, Bartzokis, Grieder, Curran, & 
Mintz, 1998; Strakowski et al., 1999; Brambilla et al., 
2001), hippocampus (Sax et al., 1999), basal ganglia 
(Brambilla et al., 2001; Aylward et al., 1994), and 
cortical regions (Lyoo et al., 2006).

Regarding the subcortical structural changes, 
inconsistent results have been obtained in the 
amygdala, hippocampus, and basal ganglia (Geuze, 
Vermetten, & Bremner, 2005), mainly attributable to 
differences in the acquisition protocols and volume 
measurement methods.

Several cortical brain regions are involved in 
emotional processing and emotional experience. 
Cortical thinning in these regions may reflect underlying 
neuropathological impairments in the cortical laminae 
(Zilles, 2000). Evidence suggests that these processes 
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are impaired in bipolar disorder. Measurement of 
cortical thickness may provide important insights 
into the specific characterization of neuroanatomical 
changes in this disease. Thickness changes in multiple 
prefrontal cortices have been found in patients with 
bipolar disorder (Lyoo et al., 2006).

The morphometric measurement of the cortex is 
a difficult procedure because this structure is highly 
folded, which complicates manual determination of 
cortical thickness. Automated techniques have been 
developed to measure cortical thickness using high-
resolution MRI and a surface-based reconstruction 
algorithm of the cortex (Fischl & Dale, 2000).

The aim of the present study was to measure 
cortical thickness in patients with bipolar disorder 
using automated surface-based analysis software 
(FreeSurfer) and to evaluate the structural changes in 
these patients. Demonstrating significant differences 
between the two groups in the brain areas responsible 
for emotional regulation using MRI as a noninvasive 
diagnostic method combined with automated 
cortical segmentation tools may aid in the diagnosis 
of bipolar disorder.

Method

Participants
All patients signed informed consent forms, and 

the study was approved by the clinical Institutional 
Review Board. Twenty-seven patients with bipolar 
disorder (14 male, 36.0 ± 16.2 years old; 13 female, 
41.6 ± 10.7 years old) and 40 healthy controls (16 
male, 36.0 ± 10.5 years old; 24 female, 37.0 ± 4.7 
years old) were demographically matched. Patients 
were diagnosed with bipolar affective disorder by a 
senior psychiatrist (J.F.) using the Structured Clinical 
Interview for DSM-IV (First, Spitzer, Gibbon, & 
Williams, 1997), which was translated and adapted to 
Portuguese (Del-Ben et al., 2001).

MR image acquisition
T1-weighted images in the sagittal plane of all 

subjects were acquired using a 3.0 T imaging system 
(Verio, Siemens Medical, Erlangen, Germany) with 
a three-dimensional magnetization prepared rapid 
acquisition gradient echo (3D-MPRAGE) sequence 
(repetition time, 2530 ms; echo time, 3.39 ms; flip angle, 
7°; inversion time, 1100 ms; bandwidth, 190 Hz/pixel; 
in-plane matrix resolution, 256 x 256; slice thickness, 
1.3 mm; number of slices, 128; voxel size, 1.3 mm³; 
no parallel imaging technique; number of averages, 1; 
total acquisition time, 8 min 6 s). The image acquisition 
protocol was adapted from a protocol proposed by the 
Athinoula A. Martinos Center for Biomedical Imaging 
(Boston, MA, USA), which optimizes gray and white 
matter contrast (Fig. 1).

Image processing and cortical thickness measurements
The T1-weighted images were transferred to a 

computer workstation (Mac Pro, Apple, Cupertino, 
CA, USA) with 8 GB of memory and two Quad-
Core Intel Xeon processors (2 x 3.2 GHz). Cortical 
reconstruction and volumetric segmentation were 
performed with FreeSurfer v. 4.0.5 (Martinos Center, 
Boston, MA, USA; http://surfer.nmr.mgh.harvard.
edu/; access February 5, 2010). The technical details 
of these procedures have been described previously 
(Fischl et al., 2002; Desikan et al., 2006). Briefly, 
this processing includes motion correction, removal 
of non-brain tissue using a hybrid watershed/
surface deformation procedure, automated Talairach 
transformation, segmentation of subcortical white 
matter and deep gray matter volumetric structures 
(including the hippocampus, amygdala, caudate, 
putamen, and ventricles), intensity normalization, 
tessellation of the gray matter/white matter boundary, 
automated topology correction, and surface 
deformation and inflation of the cerebrum. Thickness 
maps are calculated automatically.

After registration of all cortical thickness maps 
of each subject to a standard space, the mean cortical 
thickness in a region-of-interest in the bipolar group 
and control group, differentiated by gender, was 
calculated and statistically compared.

Statistics
Statistical analysis was performed using the QDEC 

tool in the FreeSurfer software suite and R-software v. 
2.9.0 (Auckland, New Zealand). Patients with bipolar 
disorder were demographically matched to controls, and 
differences in cortical thickness were analyzed using 
Student’s t-test to detect significant differences in the 
mean cortical thickness in various cortical regions.

Figure 1.  Three-dimensional T1-weighted images with high 
spatial resolution and good white matter/grey matter contrast 
are necessary for the analysis of cortical thickness.
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Results

Alterations in cortical thickness in patients with 
bipolar disorder are listed in Table 1. The regions shown 
in the table indicate the cortical regions with the greatest 
statistical differences between groups. Both cortical 
thinning and thickening can be seen in patients with 
bipolar disorder compared with controls. Additionally, 
the thinning and thickening depended on gender. 
Significant (p < .01) thickening was observed in the 
right hemisphere superior-parietal cortex in females with 
bipolar disorder, and significant (p < .05) thinning was 
observed in the left hemisphere caudal-anterior cingulate 
in males with bipolar disorder. The other regions did not 
exhibit significant differences between groups.

Figure 2 shows the statistical maps of significant 
differences in cortical thickness between patients 
with bipolar disorder compared with controls. The 
maps are overlayed on an inflated cerebrum in 
standard space (Talairach).

Discussion

In the present study, regions with thinning and 
thickening of the cortex were observed in patients with 
bipolar disorder compared with controls. In the male 
bipolar group, the caudal-anterior cingulate showed a 
significant (p < .01) difference, and in the female group, 
significant (p < .05) thickening was observed. Other 
regions showed differences in cortical thickness, but 
these differences were not significant (p > .05).

Lyoo et al. (2006) also used a surface-based 
reconstruction algorithm and found significant cortical 
thinning in bipolar disorder patients. In the left 
hemisphere, significant decreases in cortical thickness 
were observed in the middle frontal cortex (2.24 mm3 
vs. 2.38 mm3), postcentral cortex (2.53 mm3 vs. 2.74 
mm3), pregenual anterior cingulate cortex (2.93 mm3 
vs. 3.11 mm3), dorsal anterior cingulate cortex (2.50 
mm3 vs. 2.68 mm3), posterior cingulate cortex (2.45 
mm3 vs. 2.57 mm3), and middle occipital cortex (1.90 
mm3 vs. 2.06 mm3) between bipolar subjects and 
healthy controls, respectively. In the right hemisphere, 
significant decreases in cortical thickness were observed 
in the medial frontal cortex (2.49 mm3 vs. 2.66 mm3), 
postcentral cortex (1.95 mm3 vs. 2.14 mm3), angular 
cortex (2.39 mm3 vs. 2.59 mm3), and fusiform cortex 
(1.90 mm3 vs. 2.05 mm3) between bipolar subjects 
and healthy controls. These authors did not evaluate 
cortical thickness differences by gender, making 
comparisons with our results difficult. However, to 
emphasize the importance of evaluating groups by 
gender, although Lyoo et al. (2006) found a significant 
reduction in the posterior cingulate in patients with 
bipolar disorder, including both males and females, we 
found nonsignificant cortical thinning in the male group 
but significant thickening in the female group.

One limitation of the present study was the small 
number of demographically matched subjects, but from 
a statistical analysis standpoint, the number of subjects 
had sufficient statistical power. Future studies will require 
a larger number of subjects to further understand the 

Figure 2.  Statistical maps of regions showing significant differences overlayed on an inflated cerebrum that shows the regions 
where differences existed (either thicker or thinner) in patients with bipolar disorder compared with controls. The sidebar shows 
color-coded significance, ranging from p < .01 to p < .001.
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pathophysiology of patients with bipolar disorder. 
Moreover, the specific clinical patient characteristics were 
not assessed in the present study, such as age of onset of 
bipolar disorder, illness duration, number of episodes, 
family history, or medications. Future studies should 
correlate these parameters, which may impact the results.

In conclusion, the in vivo analysis of cortical 
thickness using MRI combined with a surface-based 
reconstruction algorithm allowed the identification of 
morphologically altered brains areas in patients with 
bipolar disorder. Demonstration of these alterations 
will elucidate the pathophysiology of bipolar disorder 
and may contribute to better therapies for this disorder. 
Further studies with a greater number of demographically 
matched subjects will be necessary.
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