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Abstract Neurofunctional mechanisms underly-
ing cognitive behavior therapy (CBT) are still not
clearly understood. This functional magnetic reso-
nance imaging (fMRI) study focused on changes in
brain activation as a result of one-session CBT in
patients suffering from spider phobia. Twenty-six
female spider phobics and 25 non-phobic subjects
were presented with spider pictures, generally dis-
gust-inducing, generally fear-inducing and affectively
neutral scenes in an initial fMRI session. Afterwards,
the patients were randomly assigned to either a
therapy group (TG) or a waiting list group (WG). The
scans were repeated one week after the treatment or
after a one-week waiting period. Relative to the non-
phobic participants, the patients displayed increased
activation in the amygdala and the fusiform gyrus as
well as decreased activation in the medial orbito-
frontal cortex (OFC) during the first exposure. The
therapy effect consisted of increased medial OFC
activity in the TG relative to the WG. Further, ther-
apy-related reductions in experienced somatic anxiety
symptoms were positively correlated with activation
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decreases in the amygdala and the insula. We con-
clude that successful treatment of spider phobia is
primarily accompanied by functional changes of the
medial OFC. This brain region is crucial for the self-
regulation of emotions and the relearning of stimulus-
reinforcement associations.
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Introduction

Spider phobia is a common anxiety disorder with a
point prevalence of 3.5% in the general population
[5]. The predominantly female sufferers experience
intense fear when confronted with spiders, and as a
result develop pronounced avoidance behavior that
subsequently interferes with their normal occupa-
tional and social functioning. The somatic fear re-
sponse, which in some cases may escalate into panic
attacks, is sympathetically dominated and includes
increases in heart rate, electrodermal activity, and
blood pressure [10, 22, 23]. Electrocortical changes,
such as enhancements of P300 potentials during
symptom provocation, mirror the fast neural pro-
cessing of phobia-relevant information [21].

Since EEG parameters are characterized by a high
temporal but a low spatial resolution, brain-imaging
methods such as positron emission tomography
(PET) and functional magnetic resonance imaging
(fMRI) show promise as being helpful tools for pin-
pointing the neural substrates of spider phobia. Sev-
eral PET and fMRI studies have been conducted
where phobic symptoms were experimentally pro-
voked. The observed activation pattern included the
visual association cortex [4, 6, 24, 27], the orbito-
frontal and dorsolateral prefrontal cortex [4, 6, 12, 24,
25, 27], the hippocampus/parahippocampal gyrus [6,



24], the insula [4, 11, 25] and the amygdala [4, 11, 16,
27]. Overall, these studies were quite consistent in
demonstrating the significance of the extrastriate
cortex and fronto-temporal regions for phobic states.

Aside from symptom provocation, the investiga-
tion of treatment effects on brain activity forms a
second promising approach to broaden the knowl-
edge on the pathophysiology of spider phobia [7, 9,
18]. Cognitive behavior therapy (CBT) is currently the
most effective intervention method for individuals
suffering from this disorder [1]. The patients are
taught to gradually approach spiders until their anx-
iety is considerably reduced and to correct their mi-
sattributions about the animal. Despite the fact that
controlled clinical trials have demonstrated positive
and long-lasting therapy outcomes [22, 23], there are
only two fMRI studies in the literature on CBT effects
in spider phobia [24, 28]. Paquette et al. [24] scanned
patients while they viewed film excerpts showing
spiders and butterflies before and after CBT. The first
presentation of the spider film was associated with
significant activation of the dorsolateral prefrontal
cortex (DLPFC) and the parahippocampal gyrus,
which was not present anymore after successful CBT
completion. The authors suggest that the activation
decrease reflects the deconditioning of contextual fear
at the level of the parahippocampus and the reduction
of cognitive misattributions at the level of the pre-
frontal cortex. This interpretation however may be
premature, since the authors only studied a therapy
group (TG) and did not include a waiting list group
(WG) in their experimental design. Without studying
a group, which did not receive CBT, observed acti-
vation changes cannot be attributed to the treatment
per se and may be habituation effects due to the re-
peated presentation of the phobic stimulus.

This methodological problem was solved in a study
by Straube et al. [28] who investigated a TG,aWGanda
healthy control group. The subjects were exposed to
film clips either showing a moving spider or a control
object. The first viewing of the spider provoked greater
insula and anterior cingulate cortex (ACC) activation in
the phobic sample relative to the control sample. Fol-
lowing successful CBT, the TG (and not the WG) dis-
played activation attenuation in the insula and the ACC.
Since both brain regions are concerned with the regu-
lation of autonomic responses to emotional events,
their functional change was interpreted to indicate a
therapy-induced normalization of hyperactivation.

The most critical aspect of this investigation refers
to the fact that the initial symptom provocation elic-
ited greater amygdala activation in the non-phobic
relative to the phobic subjects. This finding is very
surprising considering the crucial function of the
amygdala for the decoding of emotional salience in
general, and fear relevance in particular [17]. Neither
in the experiment by Paquette et al. [24], nor in the
study by Straube et al. [28], was a hyperactivation of
the amygdala observed before therapy and neither of
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the authors reported a reduction in amygdala activity
after treatment. This is at odds with current models of
the pathophysiology of specific phobia [18].

The design of the present fMRI investigation was an
extension of the experiment by Straube et al. [28]. We
investigated spider phobics who had been randomly
assigned to either a TG or a WG and compared them
with non-phobic subjects. The patients were scanned
twice during a picture perception experiment; either
before/after CBT, or before/after a comparable waiting
period. The design was extended by additionally pre-
senting the subjects with generally fear- and disgust-
evoking pictures. This was done in order to explore the
neural response specificity to phobic vs. generally
aversive stimuli. Further, we were interested in the
hemodynamic pattern of symptom provocation during
the first picture presentation and expected activation in
previously detected phobia-relevant brain regions
(DLPEGC, lateral OFC, amygdala, insula, ACC, parahip-
pocampal gyrus, and extrastriate cortex). Finally, we
examined the effects of CBT on brain activity. Response
changes from the first to the second fMRI session were
analyzed separately within the WG and TG, and then
compared between the groups. We tested if previously
described therapy effects, such as activation decreases
in the DLPEC, the parahippocampus, the insula and the
ACC [24, 28], would also be present in the TG of the
current study.

Materials and method

Subjects

Twenty-eight female patients suffering from spider phobia (DSM-
IV: 300.29) participated in the experiment. They had been recruited
via announcements in local newspapers and at the campus. The
patients had been randomly assigned to either a therapy group
(TG) or a waiting list group (WG). Both groups were comparable
with respect to age (Mean (SD): TG = 27.2 years, (9.2); WG
= 24.3 years, (2.0) and years of education (mean TG = 15.2 years;
WG = 14 years). Two of the WG participants did not complete the
second session and were therefore excluded from the analysis. This
left 12 WG subjects and 14 TG subjects in the samples. We also
studied 25 non-phobic females, who were comparable to the patient
group with respect to age and socioeconomic status (mean age:
M = 24.6 years; SD = 6.3; years of education: M = 14.5). All sub-
jects were medication-naive and right-handed. They gave written
informed consent after the nature of the experiment had been ex-
plained to them. The ethics committee of the German Society of
Psychology approved this study.

Procedure

After a first phone screening, the subjects were invited to a diag-
nostic session. Here they were interviewed with the short form of
the clinical interview for DSM-IV [19]. Then, the participants filled
out the Spider Phobia Questionnaire (SPQ, [14]) and underwent a
behavior test. A spider was put in a transparent case and placed
5 m from the subjects, who were then instructed to approach the
box. The subjects received points (range: 1-12) based on their
approach behavior (1 point = no movement, 12 points = removing
the spider from the box and holding it in their hands for 20 s). The
diagnostic session was ended with an anatomical scan (duration:
5 min) in order to familiarize the subjects with the tomograph.
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The first fMRI session had been scheduled approximately one
week after the diagnostic session. Here, the subjects were exposed
to a total of 160 pictures representing four emotional categories:
‘Spider’, ‘Fear’, ‘Disgust’ and ‘Neutral’. Most of the scenes (116) had
been selected from a picture set of the authors. The other scenes
were chosen from the International Affective Picture System [15].
The phobia-relevant pictures showed spiders in different environ-
ments. Disgust-relevant scenes represented the domains ‘poor hy-
giene’ and ‘repulsive animals’ (e.g., cockroaches, worms).
Threatening pictures showed attacks by animals (e.g., sharks, lions)
or humans (e.g., with knives or pistols), whereas neutral scenes
consisted e.g., of household articles, or geometric figures. Each
picture was shown for 1.5 s within a block consisting of 40 pictures
of the same category. Within a sixty-second block the pictures
directly followed each other in a randomized sequence. Each block
was shown six times during the course of the experiment in a quasi-
randomized order with the restriction that no more than two cat-
egories of the same type were allowed to follow each other. There
were no pauses between the blocks. The total experiment lasted 24
minutes. The pictures were viewed by means of a mirror attached
to the head coil (visual field = 18°).

After the scanning, subjects rated their impression of the 40
pictures from a category on four nine-point Likert scales for the
dimensions arousal, valence, fear and disgust (range: 1-9, with ‘9’
indicating that the subject felt very aroused, pleasant, anxious and
disgusted). In addition, they estimated the intensity of experienced
panic symptoms (e.g., pounding heart, sweating) as described in
the DSM-IV (criteria for panic attacks). Possible mean scores
ranged from 1 (no symptoms) to 9 (very intense symptoms).

The CBT [22, 23] was scheduled in the following week after the
first fMRI session (the WG received no treatment). The program
consisted of a one-session therapy of approximately 4 h and
combined exposure in vivo and modeling. The patients, who par-
ticipated in groups of up to four patients, were taught to gradually
approach a spider (e.g., looking at a spider, catching a spider with a
glass and a piece of paper, holding a spider in the hands). Each task
was first demonstrated by the therapist and then repeated by the
patient. A task was considered as successfully managed when the
anxiety level had been reduced by at least 50% of its highest value.

The second fMRI session was repeated one week after the
treatment for the TG and after one-week of waiting for the WG.
Again, the subjects underwent the behavior test and filled out the
SPQ prior to the scanning. Subsequent to the picture presentation
they were asked to rate the stimulus material with regard to arousal,
valence, disgust, fear and experienced panic symptoms.

Imaging and statistical analysis

Brain images were acquired using a 1.5 T whole-body tomograph
(Siemens Symphony, Erlangen, Germany) with a standard head
coil. For the functional imaging a total of 492 volumes were reg-
istered using a T,*-weighted gradient echo-planar imaging se-
quence (EPI) with 30 slices covering the whole brain (slice
thickness = 5 mm, no gap, interleaved, TE = 60 ms, flip angle =
90°, field of view = 192 mm X 192 mm, matrix size = 64 X 64).
The orientation of the axial slices was parallel to the AC-PC line.
The first 6 volumes were discarded to control for saturation effects.
For the preprocessing and statistical analyses the statistical para-
metric mapping software package (SPM2, Wellcome Department of
Cognitive Neurology, London) implemented in Matlab (Math-
works, Inc., Natick, MA, USA, release 12) was used, which is based
on the general linear model (GLM) approach. Slice time correction,
realignment and normalization to the standard space of the Mon-
treal Neurological Institute brain were performed. Smoothing was
executed with an isotropic three-dimensional Gaussian filter with a
full width at half maximum (FWHM) of 9 mm. Each of the four
experimental conditions Phobia, Neutral, Disgust and Fear was
modeled by a boxcar function convolved with a hemodynamic re-
sponse function in the GLM. The six movement parameters of the
rigid body transformation applied by the realignment procedure
were introduced as covariates in the model. Serial correlations were
controlled by an AR(1) process; the high pass filter was set at 512 s.

Several t-contrasts (first level) were calculated for each subject.
The effects of the symptom provocation during the first session (1)
were studied by analyzing the contrast Phobial > Neutrall. We
also contrasted the Phobia with the Disgust and the Fear condition
in order to separate phobia-specific activation from activation
which is generally present during the processing of aversive stimuli
(Phobial </> Disgust 1; Phobial </> Fear1). Then, we analyzed the
response changes from the first (1) to the second (2) session. We
checked for decreases of activation ([Phobial > Neu-
trall] > [Phobia2 > Neutral2]) and increases of activation ([Pho-
bia2 > Neutral2] > [Phobial > Neutrall]) in the phobic sample.
These contrasts were then used in second level random effect
analyses. First, we investigated the activation in the phobic and the
control sample separately with one sample t-tests. Two-sample t-
tests were conducted in order to compare the subject groups with
each other.

We computed exploratory voxel intensity tests for the whole
brain volume and for the following regions of interest (ROIs):
amygdala, ACC, insula, medial/lateral OFC, DLPEC, fusiform gyrus,
and parahippocampal gyrus. The ROIs had been defined by the
anatomical parcellation of the normalized brain (single-subject
high-resolution T1 volume of the Montreal Neurological Institute)
as described by Tzourio-Mazoyer et al. [29]. Based on this
assignment between anatomical structures and voxel coordinates
we created masks with the MARINA software [31]. When explor-
atory analyses were conducted, p was corrected for the whole brain
volume, when a ROI-test was used p was corrected for the specific
volume of interest. The multiple comparison correction (family-
wise error) was based on the Gaussian random field theory [2]. The
significance level was always set to alpha = 0.05.

Results

Self-report and behavior test data

The therapy group (TG) and the waiting list group
(WG) did not differ in the degree of reported phobic
symptoms (SPQ) and in the performance during the
behavior test. Both groups kept a distance of
approximately one meter from the spider box. There
were no differences in the affective ratings (valence,
arousal, fear, disgust, panic) for the spider pictures
between the TG and WG (Table 1). All control sub-
jects held the spider for 20 s in their hands and had
significantly lower SPQ scores than the phobic sub-
jects (t(49) = 33, P < 0.001). Relative to the patients,

Table 1 Phobic symptom severity and affective ratings (means and standard
deviations) for the spider pictures by the therapy group (TG), the waiting list
group (WG) and control subjects

Group Therapy Waiting List Control
Session 1 2 1 2 1

SPQ 219 (1.7) 5.6 (3.6) 205 (2.2) 204 (2.2) 24(1.8)
Behavior test 44 (1.7) 12 0 (000 47(07) 52(1.1) 12.0(0.0)
Fear Rating 5.6 (2.8) 1(13) 56(26) 49 (26) 15(0.8)
Disgust Rating 7.6 (1.4) 613 776 65(22) 18(09
Valence Rating 1.8 (1.0) 60 (1.5) 23 (1.1) 28(1.0) 7.0(1.4)
Arousal Rating 7.1 (0.9) 2(1.2) 6.9 (1.5) 2 (2.2) 4 (1.6)
Panic Symptoms 3.1 (1.5) 1 2 (03) 27 (1.4 25(.6 1.1 (0.2)




the non-phobic participants gave lower ratings for
experienced fear, disgust, arousal and panic as well as
higher valence ratings for the spider pictures (all
P < 0.01; Table 1).

The therapy group (TG) reported a pronounced
reduction in phobic symptoms (SPQ) from the first to
the second session, whereas the SPQ scores for the
waiting list group (WG) hardly changed (Table 1).
The conducted analysis of variance with the factors
group (WG, TG) and session (1, 2) resulted in a sig-
nificant interaction effect (F(1,24) = 165, P < 0.001).
The behavior test indicated that all of the TG patients
were able to hold the spider in their hands after the
therapy. In contrast, the WG subjects still kept a
distance of approximately one meter from the spider
box. The interaction effect group x session was highly
significant (F(1,24) = 163, P < 0.001).

Pronounced changes in the affective ratings for the
spider pictures only occurred in the TG and were in
the predicted direction with a reduction in experi-
enced fear, disgust, arousal, and panic as well as with
an increase in valence ratings from the first to the
second session (Table 1). The analyses of variance
showed significant interactions group X session for all
ratings (fear: F(1,24) =10, P =0.004; disgust:
F(1,24) = 22, P < 0.001; arousal: F(1,24) = 31,
P < 0.001; valence: F(1,24) =52, P < 0.001; panic:
F(1,24) = 3.9, P = 0.001).

Brain imaging data

Across patient groups (TG + WG): There were no
differences between the therapy group (TG) and the
waiting list group (WG) for the contrast Pho-
bial > Neutrall. Therefore, the groups were com-
bined. The exploratory analysis revealed significant
activation in the right superior occipital gyrus. ROI
activation occurred bilaterally in the amygdala, the
insula, the parahippocampal gyrus, and the fusiform
gyrus as well as in the right lateral OFC and the ACC
(Table 2).

Control Group: The exploratory analysis indicated
significant activation in the bilateral angular gyrus,
the right lingual gyrus and in the left ACC. Significant
ROI effects were observed for the bilateral medial
OFC, DLPFC and fusiform gyrus as well as for the
right insula and the right ACC.

Phobic Group > Control Group: The phobic pa-
tients showed greater ROI activation in the left
amygdala and in the bilateral fusiform gyrus than the
control subjects.
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Table 2 Significant brain activation during the first presentation of spider
pictures in patients and control subjects

Region Side Voxels x y z t pcorr

Phobics (n = 26)

9 -2 0 -30 37 0.037
21 21 3 =24 37 0.044
171 =36 -78 —-18 57 0.001
171 39 =72 =21 55 0.002

Parahippocampal gyrus
Parahippocampal gyrus
Fusiform gyrus
Fusiform gyrus
Controls (n = 25)

Superior occipital gyrus R 4939 21 -102 6 11.1 <0.001
Insula R 88 45 9 =12 56 0.001
Insula L 106 —36 12 9 41 0.028
Amygdala L 43 -24 -6 —12 44 0.002
Amygdala R 34 24 -3 -21 44 0.003
ACC L/R 70 0 18 27 41 0.025
OFC (lat) R 76 48 18 -9 46 0.018

L

R

L

R

22 =27 87 -18 6.7 <0.001
63 24 -84 -15 69 <0.001

Fusiform gyrus
Fusiform gyrus
Phobics > Controls

Angular gyrus L 620 51 -66 30 10.8 <0.001
Angular gyrus R 320 51 54 36 8.0 0.001
Lingual gyrus R 2936 21 -105 -9 8.9 <0.001
ACC L/R 3073 0 39 9 85 <0.001
ACC R 284 3 42 9 75 <0.001
Insula R 19 36 21 =21 54 0.003
OFC (med) L 138 -9 42 -6 57 0.001
OFC (med) R 90 3 51 -3 56 0.002
DLPFC L 368 —18 57 30 62 0.001
DLPFC R 286 18 66 12 49 0.014

L

R

Fusiform gyrus R 123 36 —63 —12 36 0.050
Fusiform gyrus L 113 -30 —69 —6 37 0.044
Amygdala L 8 -21 -9 -12 28 0043
Controls > Phobics

Inferior frontal L/R 790 0 30 -15 5.7 <0.001

gyrus/OFC (med) 189

Inferior parietal gyrus R 434 51 -57 39 55 0.021
ACC L 150 -3 33 -9 44 0.004
AcC R 97 9 36 -9 43 0.004
DLPFC R 132 21 24 57 41 0.025
OFC (med) R 182 3 33 -21 53 <0.001

Bold: exploratory/ normal: ROl-analyses; side, number of voxels per cluster, MNI
coordinates, p corrected for family-wise error.

Control Group > Phobic Group: The non-phobic
subjects displayed stronger responses in the right
inferior parietal gyrus and in the inferior frontal gyrus
(exploratory effects) as well as in the bilateral ACC,
the medial OFC, and the right DLPFC (ROI effects).

In order to differentiate phobia-specific response
components from those components which are char-
acteristic for the processing of generally aversive
stimuli, we compared the Phobia, Disgust and Fear
conditions with each other. Since the TG and the WG
had shown comparable activation to the generally
disgust-evoking and fear-evoking pictures (contrasts:
Disgustl > Neutrall, Fearl > Neutrall), both patient
samples were combined when contrasting the disor-
der-relevant with the other emotion conditions.
Across patient groups (TG + WG): Relative to the
disgust-inducing pictures (Phobial > Disgustl), spi-
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Table 3 Phobia-specific activation in the patient group

Region Side Voxels X Y z t pcorr

Phobia > Disgust

Supramarginal gyrus R 865 63 -33 42 6.0 0.049
ACC L 111 3 21 24 44  0.012
ACC R 68 9 21 27 55  0.001
Amygdala R 3 30 3 -18 29 0.050
Insula R 95 48 15 =3 46 0.010
DLPFC L 133 =30 42 42 47 0.015
Disgust > Phobia

OFC (med) R 76 15 18 =24 52 0.003
Phobia > Fear

ACC R 15 3 18 27 35 0.050
Fear > Phobia

Inferior frontal gyrus R 966 15 15 24 6.2 0.029
OFC (med) L 290 0 45 -21 59 <0.001

Bold: exploratory/ normal: ROI-analyses; side, number of voxels per cluster, MNI
coordinates, p corrected for family-wise error.

der pictures induced greater activation in the bilateral
ACC, the right insula, the right amygdala and the left
DLPEC. The contrast Phobial > Fearl was associated
with right ACC activation. The reversed contrasts
Disgustl > Phobial and Fearl > Phobial were both
characterized by medial OFC involvement (Table 3).

Therapy group: The TG showed an activation reduc-
tion from the first to second session in the right in-
sula. The effect for the left parahippocampal gyrus

Fig. 1 Activation and activation changes in the
patient group. Upper panel: Activation in the first
fMRI session (TG + WG, n = 26) Lower panel:
Increase of medial OFC activity from the first to the
second fMRI session in the TG (n = 14) relative to the
WG (n = 12)

Table 4 Activation changes from the first to the second session in the therapy
group (TG) and the waiting list group (WG)

Region Side Voxels X Y Z 't pcorr

Phobia > Neutral
Session 1 > Session 2

TG (n = 14)
Insula R 29 42 9 -9 47 0.050
WG (n = 12)
OFC (lat) R 98 30 33 —18 6.5 0.022
OFC (med) L 56 —11 33 —12 57 0.033

Parahippocampal gyrus L 36 —24 3 —33 54 0.024
Parahippocampal gyrus R 143 30 —18 —27 5.2 0.031
Session 2 > Session 1

TG (n = 14)

OFC (med) R 25 18 30 —27 4.8 0.050
TG > WG

OFC (med) L 148 —-12 33 —12 5.8 0.004

ROI-analyses; side, number of voxels per cluster, MNI coordinates, corrected for
family-wise error

was marginally significant (P = 0.06). An increase in
activation occurred in the right medial OFC (Table 4).

Waiting list group: The WG was characterized by a
reduction in activation in the bilateral parahippo-
campal gyrus as well as in the right lateral and left
medial OFC. There was no significant activation in-
crease from the first to the second session.

TG > WG: When contrasting the response in-
creases (Phobia2 > Phobial) between the two groups,
the interaction effect was highly significant (Table 4,
Fig. 1). As a result, the TG showed greater left (MNI
x),2: —9,33,—12, t = 4.5, P = 0.023) as well as right




medial OFC activation (MNI x,y,z: 12,42,-3, t = 5.0,
P = 0.009) than the WG in the second session. Results
for the contrast Phobia 1 > Phobia2 were nonsignif-
icant.

TG: Since we did not find therapy-related activation
decreases in those brain areas which are considered to
be core structures of the central fear circuit (e.g., the
amygdala), we additionally executed exploratory
correlation analyses (simple regression) for the ther-
apy group. We explored the association between
changes in ROI activation and changes in affective
ratings. There was a positive correlation between the
reduction of experienced somatic panic symptoms
and an activation decrease in the right amygdala
(MNI x,y,z: 24,0,-18, t = 7.8, P < 0.001) and in the
left insula (—39,6,3, t = 8.3, P < 0.001). The reduction
of arousal ratings was positively correlated with a
decrease of the right amygdala response (24,0,—15,
t = 3.8, P =0.033).

Discussion

This fMRI study focused on the neural activation
pattern during symptom provocation in spider pho-
bia and on activation changes as a result of CBT.

The symptom provocation was successfully real-
ized by exposing the phobic subjects to spider pic-
tures, which had been perceived as highly arousing
and unpleasant. Their initial viewing relative to neu-
tral scenes was accompanied by increased activation
of the visual association cortex (including the fusi-
form gyrus), the amygdala, the insula, the dorsal ACC,
the parahippocampal gyrus and the lateral OFC in the
patient group. This pattern is in accordance with
previous neuroimaging studies where activity in these
brain regions had also been observed during exposure
[4, 6, 25, 27].

Relative to the control group, the patients showed
greater activation of the amygdala and the extrastriate
cortex while viewing the phobic material for the first
time. Both brain regions have been conceptualized as
core elements of the neural fear circuit [17]. They are
critical for recruiting and coordinating cortical
arousal and for the maintenance of attention. These
processes are accomplished by the extensive bilateral
connectivity between both brain regions [32].

Further evidence for the important phobia-relevant
function of the amygdala became obvious when
contrasting the Phobia with the Disgust condition.
Here, the amygdala together with the insula showed
increased activity in the phobic state. However, a
comparable amygdala engagement was observed in
the Phobia and Fear condition, which would point to
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an overlap of involved brain regions in phobia-spe-
cific and general threat processing. Activation differ-
ences were restricted to the dorsal ACC, a region
involved in cognitive control processes [3].

Taken together the symptom provocation had been
successfully realized and both patient groups (TG and
WG) not only showed comparable hemodynamic re-
sponses during the first session, but were also char-
acterized by an equivalent symptom severity as
indicated by the SPQ scores, by the avoidance test
performance, and by similar affective ratings for the
spider scenes. This situation considerably changed
during the second fMRI session. After successful CBT
completion the TG reported significantly less phobic
symptoms (SPQ) and rated the spider pictures as
hardly arousing, disgusting and fear-inducing any-
more. In contrast, the WG showed no significant
changes in the SPQ scores or in the avoidance
behavior. Furthermore, the affective ratings for the
spider pictures did not show any significant change.
Thus, consistent with previous studies [22, 23], CBT
turned out to be an effective means to reduce affective
and behavioral phobic symptoms in individuals suf-
fering from spider phobia.

In order to identify the underlying neurobiological
mechanisms of successful CBT, we contrasted the
hemodynamic response changes from the first to the
second session between the two patient groups. Rel-
ative to the WG, the TG patients displayed greater left
medial orbitofrontal cortex (OFC) activation after
successful therapy completion. This effect resulted
from an increase of activation in the TG and a de-
crease in the WG. Interestingly, the main CBT effect
occurred in a region implicated in emotion and
emotion-related learning [20, 30]. The OFC is not only
central for the rapid learning but also for the revers-
ing of stimulus-reinforcement associations [26]. This
is a key process in CBT where the patients are able to
experience that contact with a spider does not involve
catastrophic consequences, but is in fact innocuous.

A similar OFC function has been proposed by Jo-
hanson et al. (2006) in a recent PET study on the effects
of cognitive therapy in spider phobia. Here, the patients
were asked to explore and change their thoughts and
misconceptions about the phobic object, but were not
exposed to living spiders. The cognitive restructuring
led to an increase in medial prefrontal cortex (PFC)
activation in those patients who had been characterized
by severe anxiety symptoms prior to the therapy. Since
the medial PFC holds specific functions for cognitive
and self-referential processes as well as emotion mod-
ulation, the authors propose that the increased cogni-
tive control of the fear reaction provoked this localized
augmentation in cerebral blood flow.

In line with this interpretation are the data for
patient group (contrasts: Disgust > Phobia and
Fear > Phobia). The phobics experienced the disor-
der-irrelevant conditions (Disgust, Fear) as aversive
but more controllable than the Phobia condition,
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which was accompanied by a relative increase in
medial OFC activation. Moreover, relative to the pa-
tients, the non-phobic subjects showed a greater
involvement of the medial OFC and the adjacent
ventral ACC during the first presentation of the spider
pictures (contrast: Phobia > Neutral). Activation of
the ventral ACC has been reported during various
emotional states and manipulations. The ventral part
is often referred to as ‘affective subdivision’ of the
ACC and is (as the medial OFC) implicated in emo-
tional regulation and control [3].

Altogether our data fit nicely with the concept of
the medial OFC as a processor of stimulus valence and
valence modulation. A similar idea has been put for-
ward by LeDoux [17], who suggested that CBT should
involve the medial PFC, since this region becomes
relevant in extinction processes and during the
development of new associations and implicit learn-
ing. However, according to LeDoux the therapy effect
should not only be restricted to the prefrontal cortex,
but also include the amygdala which receives inhibi-
tory control by the medial PFC. Preliminary support
for this assumption was found through the correlation
analysis. Here, the reduction of somatic anxiety
symptoms (e.g., experienced heart pounding, sweat-
ing) was positively associated with the reduction of
amygdala and insular activation. This latter finding is
in accordance with a previous fMRI therapy study
[28], where the main treatment effect consisted of a
normalization of insular hyperactivation.

However, our CBT study also clearly differs from
the investigation by Straube et al. [28], e.g., with re-
spect to the brain activation of the patients before
therapy engagement, the applied symptom provoca-
tion method, and the chosen therapeutic approach.
The phobic individuals studied by Straube et al. [28]
showed no significant amygdala activation during the
first exposure with spiders. This finding might be a
consequence of habituation during the sustained
stimulation. Previous fMRI studies have shown that
phobic responses in the amygdala are strong but brief
[16]. Habituation was probably slowed down by our
design with short and alternating picture presenta-
tions (1.5 s per picture). Inconsistent with the inter-
pretation is the fact that Straube et al. [28] observed
greater amygdala activation in non-phobic relative to
phobic subjects, which would imply a lack of habit-
uation within the healthy group. This response pat-
tern stands in sharp contrast with current models on
the pathophysiology of specific phobia [18].

Additionally, we used static stimuli for symptom
provocation, whereas Straube et al. [28] showed
moving spiders. This might have led to the recruit-
ment of different brain regions during exposure (e.g.,
attention-related areas such as the ACC).

Finally, despite the fact that in both investigations
structured and comparable CBT manuals were em-
ployed, deviations in the particular therapeutic
strategy cannot be ruled out. These differences might

refer to the two main mechanisms of how CBT exert
its effects; namely habituation of somatic arousal and
cognitive restructuring [1]. Whereas in the present
study the therapist focused on the correction of mi-
sattributions and thinking errors during the exposure,
it is possible that the therapist of the other study di-
rected the attention of the patients more towards the
reduction of their somatic arousal.

This last point underlines that many important is-
sues still need to be addressed in future brain-imaging
investigations on how psychotherapy changes the brain
of phobic patients. One of these issues refers to the
specificity of therapy effects. Could similar brain acti-
vation changes be observed using different treatment
methods? Furmark et al. [8] compared the neural ef-
fects of successful CBT and drug therapy (citalopram)
in phobic patients. They found that regardless of the
treatment approach improvement was accompanied by
a decreased regional blood flow in the amygdala, which
would point to a nonspecific therapy effect. The study
of psychotherapy variations (e.g., habituation-focused
vs. cognition-focused approaches) on neural activation
also seems a promising approach to broaden the
knowledge on the psychobiology of specific therapeutic
interventions.

Further, it would be important to also study phobic
subjects, who are not able to successfully complete
CBT. Differences in OFC activation correlated with
differences in therapy outcome could further eluci-
date the role of this brain region for emotional
learning. Finally, the question with regard to the
temporal stability of the altered OFC functioning
should be addressed. Considering the long-lasting
positive CBT effects on the behavioral and emotional
dimension [23], this should also be reflected in a
stable medial OFC involvement during recurrent
exposure (e.g., in a follow-up session).

Conclusion

This controlled fMRI study on CBT effects indicated
that successfully learned approach behavior and the
correction of misattributions in spider phobics were
accompanied primarily by functional changes of the
medial OFC. This brain region plays an important
role for the revising of stimulus-reinforcement asso-
ciations and the cognitive control over fear responses.
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