
ORIGINAL ARTICLE

Evidence of diffuse damage in frontal and occipital cortex
in the brain of patients with post-traumatic stress disorder

Maricla Tavanti • Marco Battaglini • Federico Borgogni • Letizia Bossini •

Sara Calossi • Daniela Marino • Gianpaolo Vatti • Fulvio Pieraccini •

Antonio Federico • Paolo Castrogiovanni • Nicola De Stefano

Received: 11 December 2010 / Accepted: 13 May 2011 / Published online: 28 June 2011

� Springer-Verlag 2011

Abstract A number of MRI studies have shown focal or

diffuse cortical gray matter (GM) abnormalities in patients

with post-traumatic stress disorder (PTSD). However, the

results of these studies are unclear regarding the cortical

regions involved in this condition, perhaps due to the

heterogeneity of the PTSD population included or to the

differences in the methodology used for the quantification

of the brain structures. In this study, we assessed differ-

ences in cortical GM volumes between a selected group of

25 drug-naive PTSD patients with history of adulthood

trauma and 25 matched non-traumatized controls. Analyses

were performed by using two different automated methods:

the structural image evaluation using normalization of

atrophy (SIENAX) and the voxel-based morphometry

(VBM), as we trusted that if these complementary tech-

niques provided similar results, it would increase the

confidence in the validity of the assessment. Results of

SIENAX and VBM analyses similarly showed that cortical

GM volume decreases in PTSD patients when compared to

healthy controls, particularly in the frontal and occipital

lobes. These decreases seem to correlate with clinical

measures. Our findings suggest that in drug-naı̈ve PTSD

patients with a history of adulthood trauma, brain structural

damage is diffuse, with a particular prevalence for the

frontal and occipital lobes, and is clinically relevant.
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Introduction

Post-traumatic stress disorder (PTSD) is a chronic, debili-

tating psychiatric disorder that can occur following trau-

matic events, and that comprises re-experiencing,

avoidance, and hyper-arousal symptoms. It has been rec-

ognized as a formal diagnosis since 1980. For many years,

PTSD was associated with war experiences. In recent

times, this disorder has attracted public attention following

tragic events related to international terrorism. Several

quantitative MRI studies investigated the pathophysiology

of PTSD showing decreases in volume that either are

localized in specific brain areas such as the limbic system

and medial prefrontal cortex [1–8] or are diffusely present

in the brain gray matter (GM) [9–14]. The latter seems to

be the case in PTSD subjects who experienced the trauma

during childhood [9–11], even though it was recently

suggested that the same is also true in PTSD patients who

experienced the trauma during adulthood [12–14]. The

heterogeneity of the PTSD population included in the dif-

ferent studies, as well as the differences in the methodol-

ogy used for the quantification of the brain structures might

be, at least in part, the cause of these unclear results.

Among the many valid approaches to obtain MRI-based

measures of brain volume changes, automated analysis

methods have the advantage of providing good reproduc-

ibility and reducing reliance on time-consuming user
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intervention. The cross-sectional version of the structural

imaging evaluation, using the normalization of atrophy

method (SIENAX), part of the FMRIB Software Library

(FSL, http:\\www.fmrib.ox.ac.uk) is an increasingly used

method that automatically estimates global and regional

brain tissue volumes normalized for subject head size [15].

Using this method, tissue-type segmentation with partial

volume estimation is carried out in order to estimate vol-

umes of specific GM regions. Regional measures of GM

volume changes can also be obtained more indirectly by

using the voxel-based morphometry (VBM) approach [16].

This is a widely used method, valuable for voxelwise

comparisons of the local concentration of specific GM

regions between two groups of subjects. Both methods

have been extensively used in clinical studies to accurately

assess global and regional volume loss [17, 18].

In a recent MR study of PTSD patients specifically

selected for the absence of specific drug treatment and

comorbidity conditions, we reported decreases in both

hippocampal and cortical GM volumes. The latter,

however, was a global measure that was not able to

discriminate where in the cortex the decrease in volume

was occurring. Thus, in the present study, we sought to

investigate a similar population of PTSD subjects by

using both SIENAX and VBM approaches in order to

assess regional brain volume alterations and evaluate

whether these alterations are specifically localized or

attributable to a more widespread process. Finally, the

use of two different methods for assessing brain volume

measurement aimed at overcoming the conflicting results

of previous studies, as we trusted that if two comple-

mentary techniques such as VBM and SIENAX provided

similar results, it would have increased the confidence in

the validity of the assessment.

Materials and methods

Subjects

The sample consisted of 25 PTSD subjects and 25 mat-

ched controls. PTSD subjects were recruited at the center

for the diagnosis and treatment of PTSD, Department of

Psychiatry, University of Siena. We initially screened 40

patients (25 females and 15 males, mean ± SD age

43.56 ± 12.75-year-old) who were diagnosed with PTSD

from January 2004 to September 2007. Criteria of exclu-

sion were history of traumas experienced during child-

hood, history of traumatic brain injury, presence of Axis I

and Axis II psychiatric diagnoses other than PTSD and

presence of neurological, endocrine, and degenerative

disorders. On the basis of a structured clinical interview

for DSM-IV (SCID), we selected 25 patients (17 females

and 8 males, age mean ± standard deviation [SD]

38 ± 10 years) from the initial sample of 40 subjects.

They were all drug-naı̈ve, had experienced traumas during

adulthood, and had a single diagnosis of PTSD without

any other current or lifetime diagnosis. All patients

underwent MRI scan before starting any type of treatment.

For comparison, 25 healthy subjects were recruited from

the general population of Siena. They were matched with

the PTSD population in age and sex (17 females and 8

males, age mean ± SD: 38 ± 11 years), handedness and

education. Exclusion criteria for the controls were pres-

ence of lifetime or current histories of psychiatric disor-

ders, including alcohol and substance use disorders as

determined by the SCID Non-Patient Version [19], trau-

matic brain injury, presence of neurological, endocrine

and degenerative disorders, and previous or current use of

any psychotropic medications. The study design was

approved by the University of Siena Committee and was

prepared in accordance with the ethical standards laid

down in the Declaration of Helsinki. A written informed

consent was obtained from all subjects who participated in

the study after complete written and verbal descriptions of

the study were provided.

Clinical assessments

All PTSD subjects were evaluated with the SCID for DSM-IV

and the Clinician Administered PTSD Scale (CAPS) [20].

Diagnosis of PTSD was confirmed by the consensus of two

clinicians (MT and SC). All patients had a single diagnosis

of PTSD and had not had any other current or lifetime

diagnoses on the basis of Axis I and Axis II interviews with

SCID-I/P [21] and SCID-II/P [22]. This included alcohol or

other substance use disorders. Furthermore, the Hamilton

Depression Rating Scale (HAM-D) [23] and the Hamilton

Anxiety Rating Scale (HAM-A) [24] were obtained from

all PTSD subjects to evaluate the overlapping symptoms

between PTSD, major depressive disorder, and state of

anxiety.

Neuroimaging

Acquisition

Conventional MRI examinations of all subjects were per-

formed at the University of Siena Magnetic Resonance

Research Centre using an identical protocol. They were

obtained in a single session on a 1.5 Tesla Philips Intera

Machine (Philips Medical Systems, Best, The Nether-

lands). The data used for the present study were the

T1-weighted FFE 1-mm-thick images of the entire brain

(TE = 4.6 ms, TR = 30.00 ms, flip angle = 30.00�,

FOV = 250 mm, matrix 256 9 256, slice number = 150),
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which were acquired in the axial plane parallel to the line

connecting the anterior and posterior commissures.

SIENAX Global and regional brain volumes were calcu-

lated on axial T1-FFE images through the SIENA package

in its ‘‘cross-sectional’’ version (SIENAX, part of FSL 4.0)

(http://www.fmrib.ox.ac.uk/fsl/), a previously described

method to estimate the global brain volume normalized for

head size [15]. In its latest version, SIENAX allows global

measures of normalized brain parenchymal volume as well

as selective measurement of normalized cortical volumes,

including specific cortical regions on pre-definite standard

space masks, as previously described [25, 26]. In this study,

an improved brain extraction tool (BET) was used to per-

form a better separation of brain from non-brain tissue,

avoiding manual correction [27]. Normalized volumes of

total brain, total GM, cortical GM, insula, frontal, tempo-

ral, parietal and occipital lobes of both hemispheres were

considered. The pre-definite standard space masks used for

these localized measures were derived from the Harvard-

Oxford Cortical Structural Atlas, as included in FSL 4.0

(http://www.fmrib.ox.ac.uk/fsl).

FSL-VBM Axial T1-FFE images were also used to assess

GM data as analyzed with a VBM-style analysis, which

was carried out by using FSL tools [28]. First, images were

brain-extracted as described above. Then, tissue-type seg-

mentation was carried out using FAST [29], providing

images representing partial volume estimates of GM, WM,

and CSF. The resulting GM partial volume images were

aligned with MNI152 standard space using the non-linear

registration [30]. These images were then averaged to

create a study-specific template (from GM images of the

entire sample of PTSD patients and normal controls) in

order to reduce the effect of inter-subject structural vari-

ability during the registration step, as described previously

[31]. This template was used to non-linearly register the

native GM images. Each voxel of these registered GM

images was then divided by the Jacobian determinant of the

warp field (modulation step). Each modulated-normalized

cortical GM image was smoothed with an isotropic

Gaussian kernel with a sigma of 2.5 mm (*5.75 mm

FWHM). The final output was a series of 3D images in

which the three indices were the spatial x, y, and z coordi-

nates of voxels in the reference space, and each value of the

matrix was proportional to the gray matter volume within

each voxel. The output of each stage of the analysis was

visually checked according to FSL-VBM guidelines. The

Harvard-Oxford Cortical Structural Atlas, as included in

FSL 4.0 (http://www.fmrib.ox.ac.uk/fsl) was used as an

anatomical reference to assess the localization of signifi-

cant differences of cerebral GM between the two groups.

Statistical analysis

The statistical analyses were performed using SPSS version

13.0 for Windows (SPSS Inc., Chicago, IL, USA). The

distribution of data variables was assessed for normality

using the Shapiro–Wilk test [32]. The Levene’s test [33]

was used to assess the equality of variance of the data.

Variables were compared using unpaired t tests when they

were continuous and with the Mann–Whitney U test when

they were non-normally distributed.

An ANCOVA for repeated measures was conducted to

compare SIENAX regional outputs, using (1) two between-

subject factors: group (PTSD subjects vs. healthy controls)

and gender (female vs. male); (2) and two within-subject

factors: side (left vs. right) and cerebral volumes (frontal,

occipital, parietal, temporal, and insula), followed by post-

hoc ANCOVAs.

In the VBM-style analysis, differences in cortical GM

volume between PTSD patients and controls were assessed

using an unpaired t test within the framework of the general

linear model (GLM). Statistical inference was carried out

using permutation testing [34], with 5,000 permutations as

implemented in the ‘‘randomize’’ program, also part of FSL

[35]. Cluster-size thresholding (t [ 2.3) at p values\0.05,

fully adjusted for multiple comparisons across space, was

used.

Correlations between clinical, demographic, and volu-

metric variables (as measured by SIENAX and VBM-style

analyses) were performed using two-tailed Spearman’s rho.

The level of 0.05 was used for all statistical tests.

Bonferroni’s correction for multiple comparisons was used

when appropriate.

Results

Sample characteristics

Patients and controls were right-handed and they did not

differ for either age (t = -0.026; df = 48; p = 0.980), or

education (U = 294.50; N = 50; p = 0.722); they were

matched for sex. Table 1 provides information regarding

illness duration; age when trauma occurred, PTSD severity

(measured by CAPS), and depressive and anxiety symp-

toms (measured by HAM-D and HAM-A). In our sample,

14 patients had been exposed to a single traumatic event

that caused PTSD, according to DSM-IV criteria, whereas

11 patients had been exposed to two traumatic events. No

patients had experienced trauma-causing PTSD during

childhood, according to DSM-IV criteria. According to the

total score of the CAPS, all subjects were diagnosed with

moderate to severe PTSD.
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Volumetric results

SIENAX The unpaired t test showed that between the two

groups, there were no significant differences in normalized

total brain volume (t = 0.93; df = 48; p = 0.35), while

normalized volumes of the total GM (t = 3.31; df = 48;

p = 0.002), and cortical GM (t = 2.70; df = 48;

p = 0.01) were smaller in PTSD patients than in controls

(Table 2). The ANCOVA with group and gender as the

between-subject factors, and side and cerebral volumes

(frontal, occipital, parietal, temporal and insula) as the

within-subject factors showed that there was: (1) a signif-

icant difference between groups (F = 3.02; df = 5,42;

p = 0.02); (2) no significant difference between genders

(F = 1.051; df = 5,42; p = 0.207), and (3) a signifi-

cant main effect for side (F = 73.07; df = 5,42;

p \ 0.001). No significant interactions among other factors

were found.

The results also showed that there were significant dif-

ferences between the two groups in frontal (7.3%)

(F = 7.133; df = 1,46; p = 0.010) and occipital (8.2%)

(F = 7.88; df = 1,46; p = 0.007) lobes (Fig. 1), with a

trend toward significance in the insula (F = 4.14; df =

1,46; p = 0.04), but not in parietal (F = 2.70; df = 1,46;

p = 0.10) and temporal lobes (F = 2.48; df = 1,46;

p = 0.12).

Post-hoc ANCOVAs with diagnosis as between factors

showed that PTSD subjects had smaller left (7.5%)

(F = 8.05; df = 1,48; p = 0.007) and right (7.1%)

(F = 7.78; df = 1,48; p = 0.008) frontal lobes, as well as

smaller left (9.6%) (F = 12.18; df = 1,48; p = 0.001) and

right (7.0%) (F = 7.59; df = 1,48; p = 0.008) occipital

lobes (Table 2).

VBM The VBM-style analysis revealed that PTSD sub-

jects had lower GM volume compared to healthy controls.

Table 1 Demographic and clinical characteristics of healthy subjects and patients with PTSD

Characteristics Controls (n = 25) PTSD (n = 25) Analysis

Mean (SD) N Mean (SD) N ta df p

Age (years) 38.08 (11.01) 38.16 (10.90) 0.026 48 0.980

Ub N p

Education (years) 13.68 (3.44) 13.20 (4.14) 294.50 50 0.722

Gender (female/male) 17/8 17/8

Handedness (right/left) 25/0 25/0

Duration of illness (years) 7.36 (8.62)

Age when trauma occurred (years) 30.79 (12.73)

Type of trauma

Car accident 5

Sudden death of a family member 5

Terrorist attack 6

Natural disaster 1

Physical abuse 1

Traumatic abortion 2

Personal violence 2

Robbery 1

Pedestrian accident 1

Explosion 1

Clinical symptoms

CAPS total score 81.52 (21.84)

Re-experiencing 23.36 (8.72)

Avoidance 29.88 (11.11)

Hyper-arousal 28.28 (9.00)

HAM-D total score 15.32 (6.31)

HAM-A total score 25.80 (6.62)

PTSD post-traumatic stress disorder, CAPS Clinician Administered Posttraumatic Stress Disorder Scale, HAM-D Hamilton Depression Rating

Scale, HAM-A Hamilton Anxiety Rating Scale
a Unpaired t test
b Mann–Whitney test

62 Neurol Sci (2012) 33:59–68

123



Specifically, lower GM volume was found in the left side

of the frontal lobe (i.e., in the frontal pole, superior frontal

gyrus, middle frontal gyrus, inferior frontal gyrus-pars

triangularis, paracingulate gyrus, precentral gyrus, and in

the postcentral gyrus). Bilaterally, lower GM volume was

found in regions of the occipital lobes such as the posterior

cingulate gyrus, intracalcarine cortex, lateral occipital

cortex, lingual gyrus, occipital fusiform gyrus, occipital

pole, precuneous cortex, supracalcarine cortex, and the

temporal occipital fusiform cortex.

Finally, PTSD subjects had lower GM volume in the

right inferior temporal gyrus (Fig. 2; Table 3).

Correlations

On SIENAX measurements, the cortical volumes did not

correlate with age, years of education, duration of illness,

and time since trauma. A significant negative correla-

tion between cortical GM volumes and the score of

re-experiencing subscale of CAPS (Spearman’s r = -0.494;

p = 0.012) was found. Furthermore, the re-experiencing

score was negatively correlated with PTSD cortical

volumes on the frontal (r = -0.508; p = 0.010), and

occipital (r = -0.400; p = 0.048) lobes. Results also

showed that HAM-A total score was negatively corre-

lated with volumes of cortical GM (r = -0.437;

p = 0.029).

VBM-based measurements of the left frontal lobe

appeared to be significantly negatively correlated with the

score of re-experiencing subscale of CAPS (Spearman’s

r = -0.412; p = 0.041). In contrast, no correlation

Table 2 Comparison of Brain Volumes (mm3) as measured by SIENAX between healthy subjects and PTSD patients

Variable Controls (n = 25) PTSD (n = 25) p

Mean SD Mean SD

Total brain volume 1,648.86 56,556.45 1,634,065 55,338.10

Total gray matter 909,618.06 76,173.13 843,193.42 65,233.08 0.002a,*

Cortical gray matter 676,519.84 55,244.77 636,013.04 50,676.98 0.010a,*

Left hemisphere

Frontal lobe 124,078.07 11,852.38 11,4763.86 11,349.37 0.007b

Occipital lobe 48,126.94 5,006.48 43,517.79 4,304.21 0.001b

Parietal lobe 64,976.24 7,474.49 61,481.64 6,128.31 ns

Temporal lobe 84,811.70 5,114.03 81,572.35 4,703.95 ns

Insula 15,496.45 1,234.56 14,437.99 1,820.52 ns

Right hemisphere

Frontal lobe 122,770.76 10,982.00 113,948.22 11,382.14 0.008b

Occipital lobe 51,904.19 1,660.30 48,239.42 4,660.66 0.008b

Parietal lobe 6,4432.50 7,777.49 60,998.06 6,057.41 ns

Temporal lobe 85,350.26 5,333.35 83,353.49 4,823.66 ns

Insula 14,572.70 1,189.01 13,700.18 1,664.21 ns

PTSD post-traumatic stress disorder, ns not significant
a Unpaired t test
b Univariate analysis of variance (ANOVA)

* Denotes significance at Bonferroni adjusted a \ 0.0166 for contrasts

Fig. 1 SIENAX output of a healthy control (a) and a PTSD subject

(b). Note the pronounced difference in frontal and occipital cortical

regions between the healthy control and the PTSD subject
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between GM volume in left and right occipital lobes and

clinical variables were found.

Discussion

PTSD is a psychiatric disorder, which was recognized as a

formal diagnosis in 1980. For many years, PTSD was

associated with war experiences. Recently this disorder has

attracted public attention following tragic events related to

international terrorism. However, the vast majority of

PTSD cases are actually related to civilian traumas (i.e.,

personal violence, car accidents, robbery, rape), with a

lifetime prevalence in the US population of 6.8% [36] and

the annual prevalence of 3.5% [37]. With the advancement

of the MR technique, several quantitative MRI studies have

been performed to understand both structural and func-

tional alterations in the brain related to PTSD with heter-

ogeneous results [38, 39].

In the present study, by using two automated methods

for assessing MRI-based measures of brain volume chan-

ges, we showed that PTSD patients, when compared to

healthy controls, have smaller cortical GM and that this

decrease in volume appears to be widespread in the brain

cortex, largely involving the frontal and the occipital. Thus,

our results add to previous data providing evidence that the

structures located in the medial prefrontal cortex and in the

limbic system may not be the only areas involved in PTSD,

and suggest that the alterations in brain structure might be

of a more global nature than the one often reported in the

literature [1–7]. This seems to be particularly the case

when the PTSD population is selected to have a single

diagnosis of PTSD caused by trauma experienced during

adulthood, is drug-naı̈ve and other comorbidity conditions

have been carefully excluded.

The two automated measures of brain volume changes

used in our study independently showed that cortical

decreases are more pronounced in large portions of the

frontal lobes (see Tables 2, 3). The significant involvement

of the frontal lobes appears to be in line with the hypothesis

that PTSD may be associated with a global alteration in

frontal lobe functions [40]. Several functional MRI studies

involving both active task and resting paradigms suggest

that PTSD subjects had altered functions in several frontal

areas (i.e., medial prefrontal cortex, ventral and dorsal

prefrontal cortex, orbitofrontal cortex, inferior frontal

gyrus, middle frontal gyrus anterior and posterior cingu-

lated cortex [41, 42]), involved in pain [43], memory [44],

and extinction processes [45]. Moreover, it is particularly

interesting to note that in both SIENAX and VBM analy-

ses, frontal volume decreases were negatively correlated

with the cluster B (re-experiencing) of PTSD symptoms,

the cluster that is more closely related to conditioned fear,

suggesting a clinical relevance of the volume decreases.

The cortical volume of both left and right occipital lobes

also appeared to be significantly more decreased in our

PTSD patients than in controls with both the SIENAX and

the VBM-style analyses. The occipital lobes seem to be

implicated in the dissociative responses of PTSD subjects

[46] as well as in the emotive aspect of visual stimuli [47].

Fig. 2 Voxel-based morphometry analysis between the groups of

healthy controls and PTSD patients. Red-yellow shows significant

clusters of voxels (corrected for multiple comparisons across space at

p \ 0.05) with reduced gray matter volume in PTSD patients

compared to healthy controls. Background image is the MNI152.

All images are shown in radiological convention
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Thus, structural abnormalities of the occipital lobes found

here and in a previous PTSD study of female victims of

intimate partner violence [11] could be due to the role

played by stress in the modification of this sensory brain

area. However, it must be stressed that the role of occipital

cortex in PTSD has not been studied enough to draw any

specific conclusions and the possibility that the abnormal-

ities found here could simply be due to a pancortical pro-

cess cannot be excluded.

In the present study, the VBM analysis showed that

PTSD subjects had lower GM volume in the right inferior

temporal gyrus. This seems to agree with previous MRI

studies [5, 12, 14, 49, 50], which provided additional evi-

dence of the involvement of the temporal lobe in this dis-

order. In contrast, in the present study, we did not find a

specific involvement of the anterior cingulate gyrus,

although morphological alterations of this brain structure

have been found in previous studies [4, 7, 51, 52]. Finally,

our analyses did not show any differences in hippocampal

and amygdala volume, brain structures previously indi-

cated as involved in PTSD [53]. A reasonable explanation

to this could be that significant involvement of hippocampi

and amygdala was found in previous studies only when the

volumetric analysis was specifically focused on these

structures, either by a manual outline [1, 2, 13] or by a

region-driven VBM analysis [7]. This was not the case in

our study.

It should be noted that, in the present work, an effort was

made to minimize potential sources of confounding factors

that could influence the results. First, only subjects who

had experienced trauma during adulthood were included in

the study; therefore, the results cannot be explained by the

influence of early traumas on neurodevelopment processes,

as suggested by investigations performed with subjects

with childhood traumas [9–11]. Second, we investigated

patients with PTSD who had experienced heterogeneous

types of civilian traumas rather than war traumas. Third,

PTSD subjects with other psychiatric conditions or in

Table 3 Brain regions as measured by VBM-style analysis showing gray matter volume reduction in PTSD patients in comparison with healthy

subjects

Brain region Size CoG x CoG y CoG z T-Stat p-Cluster Cluster

Left cingulate gyrus 22 -11.03 -49.19 2.70 3.85 0.0004 2

Right cingulate gyrus 37 14.71 -47.38 2.74 3.94 0.0004 2

Left frontal pole 695 -19.16 54.88 21.64 3.85 0.0126 1

Left inferior frontal gyrus-pars triangularis 4 -42.98 29.50 19.50 2.67 0.0126 1

Right inferior temporal tmp-occ-part 17 49.65 -57.88 -19.42 2.55 0.0004 2

Left intracalcarine cortex 144 -6.38 -75.69 6.67 5.03 0.0004 2

Right intracalcarine cortex 211 7.05 -73.84 7.42 5.61 0.0004 2

Left lateral occipital cortex 150 -39.31 -82.20 -16.05 3.63 0.0004 2

Right lateral occipital cortex 354 43.67 -75.51 -12.75 3.50 0.0004 2

Left lingual gyrus 721 -10.53 -65.65 -4.75 4.93 0.0004 2

Right lingual gyrus 599 10.97 -62.72 -1.83 4.39 0.0004 2

Left middle frontal gyrus 257 -42.48 23.45 35.33 3.97 0.0126 1

Left occipital fusiform gyrus 574 -26.16 -77.03 -14.81 4.53 0.0004 2

Right occipital fusiform gyrus 213 33.74 -72.01 -14.16 3.68 0.0004 2

Left occipital pole 103 -15.42 -95.25 -9.08 3.79 0.0004 2

Right occipital pole 30 18.57 -92.38 -4.96 3.40 0.0004 2

Left paracingulate gyrus 4 -4.05 47.48 28.52 2.69 0.0126 1

Left postcentral gyrus 62 -53.02 -14.79 40.35 3.31 0.0126 1

Left precentral gyrus 123 -51.06 -6.51 40.61 3.74 0.0126 1

Left precuneus cortex 90 -12.46 -56.51 6.56 3.79 0.0004 2

Right precuneus cortex 75 14.28 -54.83 6.88 3.44 0.0004 2

Left superior frontal gyrus 72 -3.87 52.25 31.53 3.21 0.0126 1

Left supracalcarine cortex 4 -2.00 -84.00 8.95 2.88 0.0004 2

Right supracalcarine cortex 40 1.57 -82.69 8.57 4.21 0.0004 2

Left temporal occipital fusiform cortex 40 -32.07 -58.09 -14.22 2.73 0.0004 2

Right temporal occipital fusiform cortex 36 38.91 -56.86 -17.29 2.98 0.0004 2

PTSD post-traumatic stress disorder, CoG center of gravity

[x y z] Montréal Neurological Institute coordinates of peak voxel
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treatment with any psychoactive drug were excluded from

the study, while the group of non-PTSD subjects used for

comparison was carefully selected to have similar sex,

handedness, and years of education with that of PTSD

patients. Finally, the two fully automated techniques

deployed for the analysis allowed an objective and com-

prehensive assessment of the anatomical brain regions,

avoiding the potential bias (i.e., within-subject variability)

of manual intervention. In this context, the similar findings

obtained with two complementary methods such as SIE-

NAX and VBM-style increased our confidence in the

validity of the analysis and ensured the accuracy and

robustness of our results.

There were, however, limitations in our study. First, our

sample size was relatively small and this might have

affected our results. However, this was in the range of the

previously published studies, with the above-mentioned

peculiarity that our sample was carefully selected to be

drug-naive with a history of adulthood trauma. Second,

neuropsychological data (e.g., IQ, executive tasks, and

working memory) were not collected in our study. Con-

sequently we could not rule out whether lower IQ could be

a risk factor for PTSD, as recently suggested [14, 54], or

could be associated in patients with more decreased vol-

umes [55, 56].

Even if the empirical evidence reported in the present

study points towards a global nature of brain alterations

in PTSD patients with a more pronounced involvement

of frontal and occipital lobes, no definite explanations

can be given to clarify the underlying mechanisms of

this effect. Several factors may influence the structural

brain damage found in the cortex of these patients. This

may be due to a generalized neurotoxic effect caused by

stress mediators (i.e., glucocorticoids) on brain structure

[48, 57], but might also be related, at least in part, to the

combination of both environmental and genetic factors

[58, 59]. Longitudinal studies, providing a better under-

standing of the temporal relationships between brain

morphological alterations and PTSD patients could be

very useful in this context. These studies should consider

the use of tissue-specific quantitative MR techniques

such as MR spectroscopy and diffusion tensor imaging,

able to investigate metabolic and micro structural chan-

ges of both gray and white matter abnormalities and

potentially providing new insight into this interesting

psychiatric disorder.
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