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Background: Major depressive disorder is associated with both structural and functional alterations in the emotion regulation network of
the central nervous system. The relation between structural and functional changes is largely unknown. Therefore, we sought to determine
the relation between structural differences and functional alterations during the recognition of emotional facial expressions. Methods: We
examined 13 medication-free patients with major depression and 15 healthy controls by use of structural T1-weighted high-resolution mag-
netic resonance imaging (MRI) and functional MRI during 1 session. We set the statistical threshold for the analysis of imaging data to 
p < 0.001 (uncorrected). Results: As shown by voxel-based morphometry, depressed patients had reductions in orbitofrontal cortex vol-
ume and increases in cerebellar volume. Additionally, depressed patients showed increased activity during emotion recognition in the
middle frontal cortex, caudate nucleus, precuneus and lingual gyrus. Within this cerebral network, the orbitofrontal volumes were nega-
tively correlated in depressed patients but not in healthy controls with changes in blood oxygen level–dependent signal in the middle
frontal gyrus, caudate nucleus, precuneus and supplementary motor area. Limitations: Our results are limited by the relatively small
sample size. Conclusions: This combined functional and structural MRI study provides evidence that the orbitofrontal cortex is a key
area in major depression and that structural changes result in functional alterations within the emotional circuit. Whether these alter-
ations in the orbitofrontal cortex are also related to persistent emotional dysfunction in remitted mental states and, therefore, are related
to the risk of depression needs further exploration.
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Introduction

Major depression is marked by negative mood and specific
cognitive and behavioural alterations. Neuropsychologic
studies have shown that depressed patients have a significant
bias toward sad emotions.1 It has been reported that de-
pressed patients interpret happy faces as neutral and neutral
faces as sad.2 The processing of facial emotional expressions
is an important factor for intact social functioning and com-
munication, and major depression is associated with dys-
functional processing of faces. These findings from neuropsy-
chologic studies are not linked to those from structural and
functional magnetic resonance imaging (fMRI) studies.

Although previous region-of-interest studies have pro-
vided evidence for volume reductions in patients with major

depression relative to healthy controls3 in the dorsolateral
prefrontal cortex,4 orbitofrontal cortex,5–7 subgenual prefrontal
cortex,8 anterior cingulate cortex,9,10 hippocampus,11,12 amyg-
dala9,13 and basal ganglia,14,15 the number of voxel-based mor-
phometry studies is still limited. Using voxel-based mor-
phometry, Shah and colleagues16 showed reduced grey
matter density in the left temporal cortex in patients with
chronic depression and changes in the left hippocampus in
patients with treatment-resistant depression.17 Right-sided
hippocampal reductions18 and significant bilateral reductions
of volume in the orbitofrontal cortex6 have been observed.

The findings of a recent voxel-based morphometry study
support a relation between grey matter volume reduction,
depressive symptoms and cognitive dysfunction.19 In this
study,19 decreased grey matter volume of the hippocampus
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and cingulate cortex in patients relative to healthy controls
was associated with executive dysfunction as measured by
the Wisconsin Card Sorting Test. A progressive decline of
grey matter density in depressed patients was shown in the
hippocampus, anterior cingulum, left amygdala and right
dorsomedial prefrontal cortex among patients with major de-
pression and among those with a relatively bad illness
course, indicating that depressive episodes are associated
with neuroplastic brain changes,20 as formulated in the neuro-
plasticity hypothesis.21 However, the functional consequences
of these structural alterations have not been thoroughly ad-
dressed. Some studies have found that hippocampal volume
reduction is associated with increased executive dysfunction22

and poorer performance in verbal memory tasks.16,23

With regard to emotion recognition and processing, func-
tional imaging studies have shown increased activation of the
amygdala when either masked happy or fearful faces are pre-
sented.24 Surguladze and colleagues25 detected higher blood
oxygen level–dependent (BOLD) responses to sad facial expres-
sions within the fusiform gyrus, putamen and parahippocam-
pal gyrus, whereas a similar fMRI investigation found de-
creased activity in patients relative to healthy controls in the left
amygdala, ventral striatum and frontoparietal cortex.26 Chen
and colleagues27 observed increased activity in the pre- and
postcentral gyri, middle temporal gyrus, parahippocampal
gyrus, striatum and brainstem of bipolar patients with depres-
sion after the presentation of fearful faces. In our previous
study that investigated affective facial processing of sad and
angry faces in medicated depressed patients by fMRI, de-
pressed patients showed increased activity in the left middle
cingulum and right prefrontal cortex relative to healthy con-
trols.28 Recently, we showed that the connectivity between the
orbitofrontal cortex and the cingulate, precuneus and cerebellar
region is decreased and that connectivity between the or-
bitofrontal cortex and the dorsolateral prefrontal cortex and
motor regions is increased in drug-free patients with major de-
pression, indicating a functional dysbalance.29

To the best of our knowledge, there has been only one
study that combined fMRI and voxel-based morphometry in
patients with major depression.30 This study showed that hy-
peractivation of the anterior cingulate cortex of unmedicated
patients during a Stroop task was inversely correlated with
grey matter reduction in the orbitofrontal cortex.30 In the pre-
sent study, which was based on a similar methodological ap-
proach, we used an emotional recognition task to analyze the
correlation between structural and functional alterations in
medication-free patients with major depression. Our aim was
to investigate whether structural changes in the orbitofrontal
cortex are associated with functional changes in the brain re-
gions of the emotion regulation network.

Methods

Participants

We recruited 13 inpatients with major depression from the De-
partment of Psychiatry of the Ludwig-Maximilians-University,
Munich. Psychiatric diagnoses based on DSM-IV criteria and

on the clinical version of the Structured Clinical Interview for
DSM-IV (SCID-CV)31 were determined by consensus of at least
2 psychiatrists. All patients had been medication-free for at
least 1 year before they attended our psychiatric service for
treatment because of an acute episode.

We documented clinical variables using the Hamilton Rat-
ing Scale for Depression (HAM-D)32 on the day of the scan.
We excluded patients and controls with a previous head in-
jury with loss of consciousness, previous use of a cortisol
medication, previous alcohol or substance abuse, neurologic
diseases, aged less than 18 or more than 65 years, and those
who were pregnant. We also excluded those with other men-
tal illnesses and personality disorders.

We matched the patients with 15 healthy controls with re-
spect to age, sex and handedness. We assessed demographic
variables, medical history, trauma and other exclusion crite-
ria in a structured interview. Neither the healthy controls nor
their first-degree relatives had a history of neurologic or
mental illness. Handedness for all participants was deter-
mined by use of the Edinburgh Handedness Inventory.33

After an extensive description of the study to the patients
and controls, written informed consent was obtained. The
study was approved by the research ethics committee of the
Ludwig-Maximilians-University and was prepared in accor-
dance to the ethical standards of the Declaration of Helsinki.

Emotional paradigm

We conducted 2 runs (one implicit and one explicit; the order
was random). Stimuli consisted of faces from Gur and col-
leagues.34 The face-matching task was as described by Hariri
and colleagues,35 with adjustments. We made changes with
respect to the type of emotion, and we used explicit as well as
implicit conditions. Because showing differences in implicit
processing was a main aim of our previous study and be-
cause we found more subcortical areas activated in the im-
plicit task,36 we also used this version in the present study. In-
stead of using sad and anxious faces, we included sad and
angry faces because we wanted to focus on clear major de-
pression without comorbidity of anxiety. 

In total, 48 triplets of emotional faces (sad or angry) were
arranged in a block design, resulting in 8 blocks of 6 triplets
each; these blocks were presented interspersed with 9 control
blocks. The control blocks consisted of 6 triplets each and
presented simple geometrical, white shapes (squares, trian-
gles, circles, ellipses). In the explicit trial, each triplet con-
tained either 3 female or 3 male faces. Participants were in-
structed to choose which faces agreed in their emotional
expression (Fig. 1). For the implicit trial, each triplet con-
tained 1 male or female face as the target and 2 other faces of
mixed sex (Fig. 1). Participants were asked to determine the
sex that matched the target face. The target faces alternately
showed angry and sad emotions.

Participants gave their responses with an fMRI-compatible
response pad (Lumina LP-400 Response Pads for fMRI; Ce-
drus Corporation) using 2 keys to choose the right or left face
in the lower line of the triplet. Each triplet was presented for
5.3 seconds, resulting in a total scan length of about 9 minutes
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for each trial (8 blocks with emotional faces, 9 control blocks
with geometrical shapes). The order of the trials (explicit, im-
plicit) and of the presented target stimuli was random.

Image acquisition

We acquired functional images on a 3-T MRT scanner (Signa
HDx; GE Healthcare) using a T2*-weighted gradient echo-
planar imaging sequence (repetition time [TR] 2100 ms, echo

time [TE] 35 ms, flip angle 90°, matrix 64 × 64, field of view
[FOV] 256 × 256 mm). Two functional runs of 265 contiguous
volumes were acquired. The volumes comprised 37 axial
slices of 4 mm thickness, covering the whole brain. Slices
were positioned to the connecting line between anterior and
posterior commissure.

We acquired structural T1-weighted MRI scans within the
same session using a 3-dimensional fast spoiled gradient
echo sequence (TR 6.9 ms, TE 3.2 ms, flip angle 15°, matrix
256 × 256, FOV 220 mm, slice thickness 1.4 mm, 248 slices).

Statistical analyses

Behavioural data
We calculated behavioural performance differences between
healthy controls and depressed patients by use of SPSS. We
analyzed the data separately for the implicit and explicit tri-
als using 2-sample t tests for reaction time and errors.

Structural data
We used grey matter volume to measure between-group
anatomic differences. The VBM5 toolbox (http://dbm .neuro
.uni-jena.de/vbm/) uses the approach of Good and col-
leagues,37 which facilitates an optimal segmentation and reg-
istration of MRI scans to the standardized anatomic space of
the Montreal Neurological Institute. Optimized voxel-based
morphometry consists of a 2-step procedure starting with the
construction of a study-specific, whole-brain template and
grey matter, white matter and cerebrospinal fluid before ac-
counting for the magnetic field properties of the scanner and
the anatomic properties of the study cohort.

In the second step, the customized template and tissue pri-
ors are used for data segmentation, registration to and reseg-
mentation in standard space. Thus, intersubject global brain
size differences were removed, and homologous brain re-
gions were brought into alignment.

Optimized voxel-based morphometry ensures the removal
of a maximum number of nonbrain voxels from the data. The
VBM5 toolbox extends the existing algorithms because it in-
creases the quality of segmentation by applying a hidden
Markov random field model to the segmented tissue classes
at both steps of the protocol.38 We used only the grey matter
volume maps for statistical analysis after smoothing with an
8-mm full-width at half-maximum Gaussian kernel.

Functional data 
We used Statistical Parametric Mapping (SPM5) in MATLAB
(MathWorks) with the following preprocessing steps: re-
aligning all volumes to the sixth scan to correct for partici-
pant motion (exclusion criteria: more than 3 mm), coregi -
stration of the functional and structural data sets, spatial
normalization into a standard stereotactic space, using a
Montreal Neurological Institute template and smoothing the
data with an 8-mm isotropic Gaussian kernel. We calculated
statistical parametric maps based on a voxel-by-voxel
method using a general linear model.39

In the first-level analysis, the statistical design matrix 
included 2 sessions (implicit and explicit) with 2 regressors.

Implicit triplet

Control stimuli

Explicit triplet

Fig. 1: Examples of the explicit and implicit triplets and the control
stimuli used in this emotional paradigm.
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Each regressor consisted of a boxcar function convolved with
an estimated hemodynamic response function. Thus, the ex-
pected hemodynamic response to the experimental stimulus
was modelled using the relative contributions of a delayed
boxcar reference wave function as well as confounding vari-
ables (whole-brain activity and low-frequency variations). 
After parameter estimation, contrast images were constructed
for explicit triplets contrasted with control stimuli and implicit
triplets contrasted with control stimuli. Each participant’s con-
trast images were entered into the second-level analysis, which
used 2-sample t tests for intergroup differences (differences be-
tween patients and controls) and 1-sample t tests for intra-
group analysis (activation only in patients or only in controls)
to show mean activations from the contrasts.

Structural and functional data
To test the effects of structural alterations in depressed pa-
tients on BOLD signals, we extracted the first eigenvariate
from the most significant differences in grey matter volume.
We performed a correlation analysis between the functional
signal changes and these eigenvariates in SPM5. Next, the
eigenvariates from the significant results of the correlation
analysis were extracted to calculate the correlation coefficients
by the use of SPSS of functional and structural data (Fig. 2).

We used the WFU PickAtlas40 to create a mask that in-
cluded all areas that showed an intergroup difference in cere-
bral activity. We used this as an exclusive mask in the regres-
sion analysis. The orbitofrontal cortex volumes were used as
dependent variables, and the BOLD activations in the whole
brain were used as explanatory variables. First, we performed
separate regression analyses in depressed patients and

healthy controls to investigate the relation between measures
of structural volume and cerebral activity. Next, we compared
the regression slopes for depressed patients and healthy con-
trols by means of a 2-sample t test in SPM5. Additionally, we
performed a correlation analysis for the depressed patients’
scores on the HAMD and their cerebral activity.

For all analyses, age and sex were covariates of no interest.
All results were based on a statistical threshold of p < 0.001
(uncorrected). The anatomic localization of significant voxels
was identified using the SPM toolbox’s automated anatomic
labelling, which was described by Tzourio-Mazoyer and 
colleagues.41

Results

Participants

Five patients had recurrent depression, and 8 had a first de-
pressed episode (Table 1). The patients with recurrent de-
pression had either received medication or psychotherapy
during a previous episode (1 patient received mirtazapine,
which was stopped 1 year before the scan; 1 patient received
doxepine, which was stopped 2 years before the scan; 1 pa-
tient had taken an antidepressant 15 years before but could
not remember its name; and 2 patients received psychothera-
peutic treatment during their last episode). A clear positive
family history of affective disorders was found in 3 patients.

Patients and healthy controls did not differ significantly
with regard to age or sex (Table 1). Their reaction times for
the explicit and implicit conditions and the number of correct
answers did not differ significantly.
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Fig. 2: Negative correlation of the orbitofrontal cortex volume re-
duction (blue) and cerebral activity of dorsolateral prefrontal cortex,
caudatus, precuneus and supplementary motor area during emo-
tion recognition (orange) in patients with major depression (p <
0.001, uncorrected).

Table 1: Anamnestic and behavioural characteristics of patients and
healthy controls

Group; mean (SD)

Characteristic Patients Healthy controls p value t26

Age, yr 37.9 (10.1) 35.5 (10.9) 0.56 0.60

Sex, male:female 10:3 10:5 0.7*
No. of right-handed
participants

13 15

Illness duration, mo 52.3 (71.5) —

No. of episodes, mean 1.45 (0.68) —

DSM-IV diagnosis, no. of participants —

296.21 2

296.22 5

296.23 1

296.31 1

296.32 2

296.33 2

Hamilton Rating Scale for
Depression32 score

20.5 (4.7) —

Explicit task

Reaction time, ms 2671 (549) 2514 (565) 0.48 0.73

No. of correct answers 37 (7) 38 (7) 0.67 –0.44

Implicit task

Reaction time, ms 1463 (508) 1628 (657) 0.49 –0.71

No. of correct answers 43 (7) 44 (5) 0.82 –0.24

SD = standard deviation.
*The χ2 test was used to test the difference in sex distribution.
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Functional differences

Intragroup analysis for the healthy control sample showed
activity in the left hippocampus and insula, frontal lobe in-
cluding the orbitofrontal cortex, right temporal and occipital
gyri and parietal cortex (inferior parietal gyrus and pre-
cuneus; Table 2). Intragroup analysis for the patients showed
an activity pattern similar to that in the healthy controls, but
it also included the right thalamus, lingual gyri, left precen-
tral gyrus and cerebellum.

Relative to the healthy controls, the patients showed in-
creased activity in the left hemisphere, namely in the middle
frontal gyrus, supplementary motor area, precentral gyrus,
caudate nucleus, precuneus and lingual gyrus. We did not
observe increased activity in the healthy controls compared
with patients (Table 2).

Structural differences

The most pronounced structural reductions in patients rela-
tive to controls were detected in the left inferior orbitofrontal
cortex (Table 2). Patients showed reductions in the left infe-
rior frontal operculum, left temporal lobe, postcentral gyri,

right gyrus angularis, left inferior parietal gyrus, left rolandic
operculum and right occipital lobe.

Patients also showed also increased volumes relative to
controls; the increased volume was most pronounced in the
right cerebellum. The intergroup comparison showed volu-
metric increases in patients in the right rolandic operculum,
right superior frontal gyrus, right precuneus, left inferior
frontal gyrus and right amygdala.

Functional and structural data

Healthy controls showed no correlations between functional
activity and the extracted eigenvariates from the structural
between-group analysis (from the left inferior orbitofrontal
cortex and the right cerebellum; Table 3). The patients
showed a significant negative correlation between the ex-
tracted eigenvariates of the orbitofrontal cortex and func-
tional activity in the left caudate nucleus, left precuneus, left
middle frontal gyrus, left supplementary motor area and left
precentral gyrus (Fig. 2). The negative correlation remained
significant in the direct comparison of structural–functional
associations between patients and controls for all regions ex-
cept the left precentral gyrus (Fig. 3).

Table 2: Between-group results (p < 0.001) for healthy controls and patients for structural and functional
differences

Maxima MNI
coordinates

Comparison; difference Region x y z t
Cluster
size, k

Patients > healthy controls
Functional difference Left middle frontal gyrus –20 –16 46 4.43 276

Left precentral gyrus –56 12 36 4.22 63

–44 –2 42 3.51 5

Left caudate nucleus –24 14 26 3.74 23

Left supplementary motor area –16 –10 52 4.25 276

–10 2 50 3.68 8

Left precuneus –22 –46 16 3.58 10

Left lingual gyrus –30 –50 0 3.57 13

Structural difference Right cerebellum* 13 –50 –24 4.47* 540

42 –82 –31 3.68 75

Right rolandic operculum 53 –5 17 4.27 209

Right superior frontal gyrus 21 –9 56 3.60 58

Right precuneus 18 –61 47 3.35 27

Left inferior frontal gyrus –35 39 11 3.33 20

Right amygdala 23 1 –17 3.29 32

Healthy controls > patients
Structural difference Left inferior frontal gyrus pars orbitalis* –22 28 –21 5.09* 677

Left inferior frontal operculum –47 14 13 4.82 338

Left middle temporal gyrus –63 –50 –4 4.72 401

Right postcentral gyrus 64 –15 17 4.29 183

Left inferior parietal gyrus –35 –76 40 4.08 198

Left superior temporal gyrus –65 –44 19 4.05 77

Left postcentral gyrus –49 –11 38 3.97 142

Left rolandic operculum –51 –24 14 3.94 70

Right inferior occipital 44 –80 –11 3.70 80

Left inferior frontal –51 24 –1 3.67 30
Left inferior temporal –58 –63 –14 3.65 23

MNI = Montreal Neurological Institute.
*Structural differences with the highest t values.
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Patients showed a negative correlation between the ex-
tracted eigenvariates of the right cerebellum and functional
activity in the left supplementary motor area and left pre-
cuneus. This result was not significant for the intergroup
comparison.

Correlation with depression severity

No significant correlation was detected in the patient group
for cerebral activity and HAM-D score. There was no signifi-
cant correlation between the extracted eigenvariates of the or-
bitofrontal cortex and the HAM-D score in the patient group
(r = –0.28, p = 0.35).

Discussion

The current perspective about pathophysiology of major de-
pression assumes that the connections between brain regions
and their functional interplay are more relevant than changes
within isolated single regions. To the best of our knowledge,
this is one of the first studies within the field of major depres-
sion to address this issue. We found that reductions in or-
bitofrontal cortex volume in major depression are associated
with functional alterations in the network of affect regulation.
This functional consequence was specific to patients with ma-
jor depression and was not seen in healthy controls. The or-
bitofrontal cortex, therefore, seems to be a key area for major

depression with major connectivity to other areas of the mood
regulation network. In particular, dysfunctional frontosubcor-
tical circuits may play an essential role in major depression. 

These results are specific to the areas involved in process-
ing of the face-matching task used in our study. The use of a
working memory task might have shown stronger associa-
tions between orbitofrontal cortex volume and prefrontal cor-
tical regions.

The frontal cortex is crucial for human behaviour. Five
frontosubcortical circuits have been described.42 Their basis is
a common origin in the prefrontal cortex, a subsequent pro-
jection to the striatum, a pursued connection to the globus
pallidus and substantia nigra, a final connection to the thala-
mus and ending with a final loop to the frontal cortex to close
the circuit. The orbitofrontal cortex plays a major role in the
lateral orbitofrontal circuit, which originates in Brodmann ar-
eas (BAs) 10 and 11. Subsequently, there are connections to
the caudate nucleus, globus pallidus, thalamus and finally
back to the orbitofrontal cortex. It is assumed that this circuit
connects the frontal system to the limbic structures.43 There-
fore, disturbances might cause changes in social behaviour
and emotional experiences.

Our main focus was to study the association between
structural and functional alterations in major depressive dis-
orders. The analysis of structural data showed the greatest 
reduction in volume in patients relative to controls in BA 11,
a part of the orbitofrontal cortex. Depressive disorders are 
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Table 3: Regression analysis between structural volume in the left orbitofrontal cortex and right cerebellum
and cerebral activity in patients

Maxima MNI
coordinates

Comparison; region Region of activity x y z t
Cluster
size, k

Patients
Left orbitofrontal cortex –22 28 –21

Left caudate nucleus –16 26 4 5.09 53

Left precuneus –12 –52 46 4.70 414

–12 –66 –40 4.56 414

–16 –56 36 3.71 2

Left middle frontal gyrus –42 24 36 4.51 224

–20 6 56 3.89 15

Left supplementary motor area –12 2 60 4.12 80

–4 –2 66 3.78 80

–12 –8 52 3.82 2

–12 6 46 3.76 2

Left precentral –34 –12 58 3.85 30

Right cerebellum 13 –50 –24

Left supplementary motor area –4 –2 66 3.90 1

Left precuneus –12 –50 46 3.56 1

Healthy controls > patients*
Left orbitofrontal cortex –22 28 –21

Left precuneus –12 –52 48 4.78 227

Left supplementary motor area –4 –2 66 3.82 13

–12 4 60 3.66 13

Left caudate nucleus –16 26 4 3.78 7
Left middle frontal gyrus –42 22 38 3.75 19

MNI = Montreal Neurological Institute.
*puncorrected < 0.001.
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associated with reductions of the orbitofrontal cortex, as
shown by our data and demonstrated in previous investiga-
tions.7 Decreases in grey matter in the orbitofrontal cortex with
32% volume reduction have been demonstrated by Bremner
and colleagues7 and region-of-interest studies.5,44 These results
are also supported by a voxel-based morphometry analyses in
elderly patients with depression,6 which revealed prominent
bilateral reductions in the orbitofrontal cortex.

With regard to functional disturbances, we found in-
creased activity during emotional processing in patients com-
pared with healthy controls in the middle frontal cortex, cau-
date nucleus, precuneus and supplementary motor area. No
significant differences were observed in task performance, in-
dicating that these differences were because of changes in
brain function rather than because of different motivation of
participants to carry out the task. The lack of differences in
task performance (with respect to errors) might be because of
the low level of difficulty of the presented task. Thus, partici-

pants made zero or few mistakes. Additionally, the instruc-
tions did not indicate that the participants should react as fast
as possible, which might explain the similar reaction times
between the healthy controls and patients.

Although there is a broad consensus that depressive disor-
ders are associated with altered cerebral functioning during
emotional processing, previous results are not consistent.24,25,28

This can be explained by the use of different emotional stim-
uli (happy, neutral, angry, fearful or sad faces; fearful or neu-
tral scenes). In contrast, it has been clearly shown that antide-
pressant treatment leads to significant changes in cerebral
functioning.45,46

Lee and colleagues47 demonstrated reduced activation in
depressed patients compared with healthy controls in the
dorsolateral prefrontal cortex and orbitofrontal cortex, hip-
pocampus and caudate nucleus when sad faces were pre-
sented and reduced activity in the orbitofrontal cortex when
angry faces were presented. But if only patients receiving an-
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Fig. 3: Scatterplots and correlation coefficients (r) for the association between orbitofrontal cortex volume and cerebral activity of the dorsolat-
eral prefrontal cortex, caudatus, precuneus and supplementary motor area for patients with major depression and healthy controls. Note that the
regression slopes were significantly different between patients with major depression and healthy controls in the statistical parametric mapping
analysis. The regression slope is shown only for the patients with major depression, because the slope was not significant for the controls.
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tidepressive treatment are included, it is impossible to rule
out the effects of medication in connection with cerebral ac-
tivity. Anand and colleagues48 observed increased activity of
the anterior cingulate cortex, insula, parahippocampus,
amygdala and anteromedial prefrontal cortex when only un-
medicated depressed patients were presented with negative
pictures from the International Affective Picture System. She-
line and colleagues24 detected increased cerebral activity in
the amygdala by performing a region-of-interest analysis in
unmedicated patients, which normalized after antidepressant
treatment, by presenting masked happy and fearful faces. A
further study25 reported increased signals in the fusiform
gyrus, parahippocampal gyrus and basal ganglia when de-
pressed patients receiving pharmacologic treatment were
compared with healthy controls during the processing of sad
facial expressions.

In contrast to the findings of other studies, we found that
BOLD responses in the amygdala were not greater in patients
than in controls. Increased responses in the amygdala to
masked fearful faces,49 sad faces50 and sad pictures51 have
been reported. In our tasks, the participants probably used
more visual and cognitive strategies to solve the task so that
amygdala activation may have been inhibited by the anterior
cingulate cortex and prefrontal cortices. Another explanation
is that angry faces do not activate the amygdala to the same
extent as fearful faces, as shown in a recent study.52

To the best of our knowledge, there have been no studies
of emotional processing that combine structural and func-
tional data, although an interdependency of structural and
functional changes in psychiatric disorders seems obvious.
Depressive disorders are associated with volume reductions
of the orbitofrontal cortex, a critical region in emotional pro-
cessing. Our study provides a clear link between structural
reductions and altered cerebral functioning during the pro-
cessing of emotional stimuli. One previous study that investi-
gated cognitive control processes also found a significant link
between structural reductions of the orbitofrontal cortex and
altered cerebral function.30 Using the Stroop task to investi-
gate cognitive control, the authors found that the activity of
the ACC was not correlated with orbitofrontal cortex volume
in healthy controls. In contrast, they found a negative correla-
tion between orbitofrontal cortex volume and anterior cingu-
late cortex activation in medication-free patients. Our data
also provide evidence for a negative correlation between or-
bitofrontal cortex volume and cerebral activity, namely in the
left hemisphere in the precuneus, supplementary motor area,
caudate nucleus and middle frontal gyrus. 

Heterogeneous laterality effects have been reported in pa-
tients with major depression depending on the task used. For
example, fMRI studies showed different results with respect
to dorsolateral prefrontal cortex activation. Decreased right
activity in the dorsolateral prefrontal cortex was detected in a
study using an attentional interference task in 27 patients
with major depression compared with 24 healthy controls.53

Activity in the left dorsolateral prefrontal cortex was reduced
during cognitive (digit sorting) and emotional (personal rele-
vance rating of words) tasks in 30 patients with major de-
pression compared with 28 healthy controls.54 Increased right

dorsolateral prefrontal cortex activity was found in response
to painful stimuli in 13 patients with major depression com-
pared with 13 healthy controls55 and during a Tower of Lon-
don task and an n-back task in 13 patients with major depres-
sion compared with controls.56 In contrast, increased left
prefrontal activation was detected in a working memory task
in 12 patients with major depression compared with 17
healthy volunteers57 and in the face-matching task in the pre-
sent study.

The association between orbitofrontal cortex and caudate
nucleus, both of which are part of the lateral orbitofrontal cir-
cuit that connects the frontal system with the limbic struc-
tures,43 seems plausible within the context of altered emo-
tional experiences. However, the contiguity between
orbitofrontal cortex volume and activity in the precuneus and
supplementary motor area is more surprising.

The precuneus, which is part of the medial parietal cortices
and has various connections with other cortical and subcorti-
cal areas, facilitates the integration between external and inter-
nal information that marks human mental activity.58 As
shown in animal studies, there is a strong connection of the
precuneus with the frontal lobes (mainly BA 8, 9 and 46) as
well as with the supplementary motor area.59,60 Additionally,
there are reciprocal connections between the orbitofrontal cor-
tex and other prefrontal areas (BA 9 and 46).61 Dense connec-
tions of the precuneus and the caudate nucleus have been de-
scribed.60 Functional activity of the precuneus has been
observed in the context of visuospatial imagery, episodic
memory, self-processing and consciousness.58 This broad func-
tionality underlines the role of the precuneus in many highly
integrated mental functions that are not limited to simple vi-
suospatial processing. This assumption is supported by fMRI
studies investigating social cognition62 and emotional state 
attribution.63 Therefore, previous research with regard to
anatomic connectivity has helped to clarify the nature of
structural reductions of the orbitofrontal cortex in depressed
patients and the association with increased cerebral activity in
the reported structures in the context of emotional processing.

Limitations

There are several limitations of our study that need to be ad-
dressed. First the sample size was relatively small, and we
found the effects with a statistical threshold of p < 0.001 un-
corrected for multiple comparisons. Additionally, there
might be task-order effects because the explicit and implicit
trials were presented in a random order for each participant.
Unfortunately, our results were not significant after correc-
tion for multiple comparison (e.g., false discovery rate or
family-wise error). Therefore, the results have to be consid-
ered as being preliminary, and replication is warranted.
Other analysis techniques such as dynamic causal modelling
might be helpful for this in a further step, since we now have
a hypothesis about the association between orbitofrontal cor-
tex structure and function. 

Different fMRI tasks (e.g., cognitive or emotional para-
digms) and differences in patient samples (e.g., medication
use, comorbidity, depression severity) may have contributed
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to the heterogeneity of findings in the field. In our study, we
used medication-free patients and an adjusted emotional face
matching task, which may have also contributed to differences
shown in our study compared with previous studies. Never-
theless, the patients included in the present study, including
those with recurrent depression and first-episode depression,
had limited clinical homogeneity. In general, fMRI studies in-
vestigating emotional functioning represent a limited aspect of
real emotional processes, because static emotional pictures and
the artificial environment of MRI investigations cannot con-
sider dynamic and reciprocal interactions that are an impor-
tant part of emotional and social action and communication in
every day life. This result raises questions about the neu-
roanatomical connections of the orbitofrontal cortex and cere-
bral regions as detected by the correlation analysis.

Conclusion

Dysfunctional emotional processing (e.g., a negative bias in
perceptional or mnestic function) represents a therapeutically
relevant aspect in the treatment of major depression. Merging
the assumptions of a key role of the orbitofrontal cortex in
emotional processing and the fact that the experience and pro-
cessing of emotions is one of the central aspects for all kinds of
psychotherapies,64 raises the question as to whether cerebral al-
terations represent a biological long-term vulnerability or
whether they are the consequence of depressive symptoms. A
recent fMRI study found functional differences during emo-
tional categorization in people at high risk of major depression
with no personal history of depressive episodes,65 suggesting
that cerebral changes represent a vulnerability marker. Never-
theless, further studies are needed to clarify if psychotherapeu-
tic interventions such as emotion-focused therapy, which is
based on the integration and differentiation of emotional
processes (emotional awareness and arousal, emotion regula-
tion, reflection on emotion, and emotion transformation66),
could provide a promising tool to influence structural and
functional neurobiological changes within the context of emo-
tional processing in patients with major depression.

We conclude that the orbitofrontal cortex is a key region
within the neurobiological framework of depressive disor-
ders. Structural abnormalities within the orbitofrontal cortex
may be related to persistent emotional dysfunction. Emo-
tional dysfunction is related to vulnerability to major depres-
sion.65,67 Further studies should investigate how brain struc-
ture and function as well as how clinical and epidemiological
characteristics of this disease are associated.
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