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ABSTRACT

For patients with Obsessive-Compulsive Disorder (OCD), whose triggers are highly idiosyncratic, individual
stimulus material has been used in several fMRI studies. This study aims at comparing individual to standardized
picture sets and at investigating a possible overlap of the former with the self-referential neuronal network.
During fMRI-scanning, 17 inpatients with OCD and 17 healthy controls were exposed to pictures of their per-
sonal triggers, photographed in their domestic environments, to standardized pictures designed to provoke OCD
symptoms, and to neutral pictures. Whole-brain analyses were calculated and the pictures were rated by both
patients and controls with respect to valence, arousal, and coping. Patients rated the individualized stimuli lower
in valence and coping and higher in arousal compared to controls, and also compared to standardized OCD- and
neutral stimuli. The individual stimuli elicited neuronal activity in the cingulate cortex, hippocampus, insula,
middle frontal/precentral gyrus, superior/inferior parietal lobe, and precuneus, while no group difference was
detected by the standardized OCD-stimuli. In conclusion, individual picture sets facilitate the detection of
neuronal activity, but the results might be confounded due to the overlap with the network of self-referential
processing and memory retrieval. The use of individual symptom-provoking and individual neutral stimuli
would therefore be optimal.

1. Introduction

1.1. Importance of stimuli for fMRI

representing the neuropathological mechanisms of a disorder.
Therefore, most analyses use contrasts of two conditions by subtracting
the measured signal when viewing the symptom provoking pictures
(condition 1) from the measured signal when viewing neutral pictures

Choosing the right stimulus material is highly relevant in fMRI re-
search in order to answer the hypotheses under investigation. In studies
aimed at examining neuronal correlates for psychiatric disorders, pa-
tients are usually confronted with disorder-specific triggers in the
imaging environment, e.g., by passively viewing pictures designed to
evoke symptom-related emotions and cognitions. The BOLD-signal of
the fMRI scan, however, is composed of a baseline neuronal activity
(comparable to resting-state activity), plus the activity due to visual
processes when viewing pictures of any kind, plus the activity
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(condition 2). The difference (contrast) can then be interpreted as the
neuronal activity evoked by specific aspects of condition 2 in compar-
ison to condition 1 (e.g., disgust-provoking stimuli). The same proce-
dure is conducted for all participants, and the averages for each group
(patients and controls) are calculated. The difference between patients
and controls can then be determined by subtracting the mean contrast
of the controls from the mean contrast of the patients. The remaining
signal can be interpreted as the pathological activity. Considering this
procedure of analysis, it becomes clear that the choice of stimulus
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material is not to be underestimated and could alter the results con-
siderably.

1.2. Obsessive-Compulsive Disorder (OCD)

Individuals with Obsessive-Compulsive Disorder (OCD) experience
a persistent intrusion of unwanted thoughts or images (obsessions) and/
or the urge for repetitive, ritualistic behaviors or mental acts (com-
pulsions) that need to be neutralized in order to reduce anxiety or
distress (American Psychiatric Association, 2013). With a prevalence of
2-3%, OCD is one of the most common psychiatric diseases and has a
serious impact on the quality of life (Crino et al., 2005). The illness is
very heterogeneous, i.e. patients experience a wide range of different
situations, objects and/or thoughts as triggering. Four general subtypes
have been identified: symmetry/ordering, hoarding, washing/cleaning
and checking (Mataix-Cols et al., 2004). Still, even within the subtypes,
the exact nature of the symptom provoking stimuli can differ im-
mensely.

1.3. Possible stimulus material for OCD

Choosing stimuli for the scanning environment that appropriately
address the disorder's heterogeneity is a challenge. Researchers have
therefore addressed the cognitive aspects of the illness (for a review see
Del Casale et al., 2015), or its emotional side (e.g., Thorsen et al.,
2018). Others have adressed the problem by focusing on specific sub-
types of OCD, e.g., showing disgusting pictures to a sample of patients
with fear of contamination (washing subtype, e.g., Shapira et al., 2003).
After Mataix-Cols and his co-workers published their standardized
Maudsley Obsessive-Compulsive Stimulus Set (MOCSS), many re-
searchers have used the 50 pictures for each subtype category for their
studies (Mataix-Cols et al., 2004). Even though the standardization can
be seen as a clear advantage to science in terms of reproducibility and
validation, the stimulus set was able to provoke mild to moderate OCD
symptoms only (Simon et al., 2012). In consequence, many paradigms
used some kind of individualization in order to reflect each subject's
primary OCD triggers, e.g., individual words related to the symptoms
like “door/key/switch” for a patient from the controlling/checking
subtype, or — most commonly - individual pictures (e.g., Schienle et al.,
2005; Schiepek et al., 2009, 2013; Simon et al., 2012).

1.4. Self-related processing

While individual stimulus sets clearly account for the diversity of
OCD phenomenology and the idiosyncrasy of obsessions (Baioui et al.,
2013a), one has to take into account that these are classical stimuli used
to investigate self-relatedness (Northoff, 2014). In an activation-like-
lihood-estimation (ALE) meta-analysis, Hu et al. (2016) found several
areas to be consistently active in self-related processing, including the
cortical midline structure (bilateral anterior cingulate cortex (ACC)/
medial frontal gyrus, left precuneus), left middle frontal gyrus, inferior
parietal lobule and bilateral superior temporal gyrus.

Some of these regions, especially the ACC and the prefrontal cortex,
has also been revealed to be significantly altered in OCD. Despite this
obvious possible confound, a direct comparison between the neuronal
activation for individual versus standardized stimulus sets has hardly
been considered by researchers. Baioui et al. (2013b) used both con-
ditions, but did not conduct a whole-brain analysis and instead used a
mask with regions known to be part of the cortico-striatal network
model of OCD.

1.5. Hypotheses
In our study, we did not limit the analysis to predefined regions but

were hypothesizing that hyperactivation of some of the regions often
reported in OCD patients with individual stimuli are due to an overlap
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with a network for self-referential processes activated by recognition
(cortical midline structures including the cingulate cortex and the
precuneus, see Cavanna and Trimble, (2006) and Northoff et al.,
(2006)). This could be a confound in studies using individual compared
to neutral pictures only and might explain some of the diverging results
in neuronal correlates found for OCD. We also assumed that the two
approaches provoked partly different OCD relevant processes and
therefore different regional activity as suggested by Baioui et al.
(2013a). Furthermore, in comparison to standardized OCD pictures, we
expected the individual stimuli to evoke higher neuronal responses in
regions central to the OCD etiology, i.e., the cortico-striato-thalamo-
cortical circuit including cingulate, insular, and parts of the frontal and
parietal cortices (e.g., Schiepek et al., 2011; Del Casale et al., 2015).

2. Methods
2.1. Participants

The sample of this study consisted of 17 inpatients (6 men and 11
women, mean age 43.5 years (SD = 10.7)) from the Christian-Doppler
University Hospital, Salzburg, Austria, as well as 17 healthy controls
(HC) matched by age and gender. Patients were eligible to participate
in the study if obsessive-compulsive disorder was the main illness by
clinical judgement based on ICD-10 and DSM-IV criteria and on the
Structured Clinical Interview for DSM-IV Axis I disorders (SCID-I, First,
Spitzer, Miriam, and Williams, 2002). Exclusion criteria consisted of
neurological impairment and/or neurological diseases, acute psychosis,
substance abuse, and/or suicidality. As commonly found in OCD pa-
tients, comorbidities of the sample included depression (8 patients),
social phobia (2 patients, in addition to depression) and one each from
the schizophrenic spectrum, alcohol and substance abuse (currently
abstinent), and posttraumatic stress disorder (PTSD). For results of the
psychological assessment see Section 3.1. All but one patient took some
kind of antidepressant (mostly SSRI), 7 of them in addition neurolep-
tics, 3 anticonvulsants, 2 benzodiazepine and 1 lithium. One patient
also had to be medicated for high blood pressure, thyroid dysfunction
and incontinence. The study was approved by the Ethics Commission
Salzburg (Ethikkommission Land Salzburg, No. 415-E/1203/5-2012).

OCD subtypes were determined by their total score on their MOCSS
picture rating (see 3.2 picture rating). As expected, all patients scored in
all categories, confirming prior findings in the literature on the overlap
of subtypes (for a review see Rowsell and Francis, 2015). Out of the 17
participants, 11 scored highest in the category washing, 3 in symmetry/
ordering, 1 in hoarding and 2 in checking.

2.2. Study procedures

As preparation, detailed information on the study was provided and
written informed consent was obtained from all participants according
to the Declaration of Helsinki. After the acquisition of individual sti-
mulus pictures, a picture rating of the individual and standard MOCSS
stimulus pictures was obtained in order to determine the most relevant
pictures for each individual that were then shown during the fMRI scan.
The scans were realized within the first week of hospitalization and
were followed by another picture rating. In addition, all participants
filled in the Symptom Checklist-90-R (SCL-90-R, Derogatis et al., 1977;
German Version: Gloeckner-Rist and Stieglitz, 2011) and the Beck De-
pression Inventory II (BDI-II, Beck et al., 1996; German Version:
Hautzinger et al., 2009).

The study is part of a larger multi-level longitudinal project with 4-5
fMRI scans during inpatient treatment, accompanied by venipunctures
for assessment of several immune and endocrinological parameters, and
real-time monitoring of the psychotherapeutic process, aiming at in-
vestigating the changes during psychotherapy. Please note that the re-
sults reported here focus on the above mentioned hypotheses only and
are based on the data acquired at admission to the hospital.
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Fig. 1. Exemplary pictures of individual stimulus pictures of OCD patients.

2.3. Stimuli

As mentioned before, our approach to individualize the stimulus
pictures goes beyond the selection of individually triggering material,
but includes taking photos from the patients’ domestic environment.
Two members of the study group accompanied each patient to their
homes and took pictures of symptom-provoking situations presented by
the patient. Exemplary pictures are shown in Fig. 1. Compliance was
very high, since the patients themselves confirmed our assumption that
the most problematic situations occur at home. The visit was often
perceived as part of the therapy.

The standard pictures were taken from the Maudsley Obsessive-
Compulsive Stimulus Set (MOCCS, Mataix-Cols et al., 2009), a validated
picture set targeting the 4 subgroups of OCD (for examples see Fig. 2). It
should be noted that the picture set is based on a dimensional approach,
i.e. especially the washing subgroup evokes responses also in healthy
controls, but on a lower level (Mataix-Cols et al., 2003).

For creating contrasts, neutral pictures from the International
Affective Pictures Set (IAPS, Lang et al., 2008) were used (for examples
see Fig. 3). In addition, participants were exposed to pictures from the
IAPS-category ‘disgust’.

2.4. Picture rating

The procedure of the picture ratings consisted of two parts. The first
one aimed at choosing the 40 most triggering pictures for stimulation in
the scanner, the second part aimed at collecting psychological data.
Ratings were conducted computer-based with the E-Prime 2.0
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presentation software (http://www.pstnet.com). First, the concepts of
valence and arousal were explained to the patients, followed by a short
introduction and training on the software. Then, all photos taken at the
domestic settings were displayed on the computer screen and patients
rated each picture on a Likert-scale from 1-9 with respect to the di-
mensions arousal and valence. The same was repeated for the pictures
from the MOC stimulus set and the neutral pictures from the IAPS. The
inverse value for valence and the value for arousal were added for each
picture to obtain a total score and create a ranking, one for individual
and one for standardized photos (over all subcategories). The top 40
pictures of each list, i.e. the most triggering ones, were chosen to be
shown during the fMRI scan. For the healthy controls, the pictures of
their respective patients were used.

In the post-scan ratings, only the pictures shown in the scanner (i.e.,
the top 40 of each list) were rated again, with a supplementary question
on “coping”, i.e. how well the participants felt that they could handle
the situation shown. 2-sided t-tests and ANOVA were calculated for
differences in groups and categories; all p-values were corrected for
false-discovery rates (FDR, Radua and Albajes-Eizagirre, 2010).

2.5. fMRI Data Acquisition

Images were acquired with a 3T Siemens TIM TRIO whole-body
scanner (Siemens Symphony, Erlangen, Germany) with a 32-channel
head coil. First, a high-resolution scan was acquired for anatomical
referencing using a T1-weighted MPRAGE sequence (FoV = : 256 mm,
slice thickness = 1.0 mm, TR = 2300 ms, flip angle = 9°, resolution
=1x1x1 mm). Functional images were obtained in two sessions with a

Fig. 2. Examples of standardized pictures from the MOCSS (Mataix-Cols et al., 2004).
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Fig. 3. Examples of neutral pictures from the IAPS (Lang et al., 2008).

short pause in between. A total of 552 volumes were acquired using a
T2*-weighted gradient echo EPI with 36 slices (slice thickness = 3 mm,
descending slice order, TR = 2250 ms, TE = 30 ms, flip angle = 70°,
FoV = 192 mm). The first 6 volumes of each functional session were
discarded due to saturation effects (Sarty, 2007), leaving a total of 540
volumes. The 40 most triggering pictures from the categories, as de-
termined by the pre-scan picture rating (see 2.4), plus 40 neutral pic-
tures were presented with the E-Prime 2.0 presentation software
(http://www.pstnet.com) as an event-related design in a pseudo-ran-
domized order in 2 sessions (20 pictures of each category in each ses-
sion). The pictures were shown for 4 seconds each, separated by a
fixation cross; the inter-stimulus interval was 2 seconds. The resulting
DICOM files were converted to 4D-NIfTI-files with the tools MRIConvert
(University of Oregon, 2016) and dem2nii (Rorden, 2010).

2.6. Preprocessing

Preprocessing and statistical analyses were performed using the
Statistical Parametric Mapping software package SPM12 (Wellcome
Department of Cognitive Neurology, London) implemented in Matlab
(Mathworks, Inc., Natick, MA, USA, release 13a). Functional images
were realigned to the first image, de-spiked with the AFNI 3d-despike
function (https://afni.nimh.nih.gov), unwarped, corrected for geo-
metric distortions using the fieldmap of each participant, and slice time
corrected.

The high resolution structural T1-weighted image of each partici-
pant was processed and normalized with the CAT12 toolbox (http://
dbm.neuro.uni-jena.de/cat) using default settings. Each structural
image was segmented into gray matter, white matter and CSF, and
denoised, then warped into MNI space by registration to the DARTEL
template provided by the CAT12 toolbox via the high-dimensional
DARTEL registration algorithm (Ashburner, 2007). Based on these
steps, a skull stripped version of each image in native space was cre-
ated. To normalize functional images into MNI space, the functional
images were coregistered to the skull stripped structural image and the
parameters from the DARTEL registration were used to warp the
functional images, which were resampled to 3x3x3 mm voxels and
smoothed with a 6 mm FWHM Gaussian kernel. The quality of the
preprocessing was checked using the tools BXH (Duke University, 2014)
and tsdiffana (University of Cambridge, 2009).

2.7. Model specifications

Since SPM uses a mass-univariate approach, the effect of the con-
ditions were modeled for each voxel with the general linear model
(Kiebel and Holmes, 2008). The movement parameters gained from the
realignment procedure during preprocessing were used as regressors.
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Corresponding to the 4 categories of pictures shown during scanning,
the four conditions “Individual OCD pictures (OCD_Ind)”, “Standard
OCD pictures (OCD_MOCSS)”, “Disgust (Disgust)” and “Neutral (Neu-
tral) were modeled. The effects of the OCD pictures were investigated
by calculating the t-contrasts “OCD_Ind > Neutral”, “OCD_MOCSS >
Neutral” and “OCD_Ind > OCD_MOCSS” for each participant. These
contrasts were then used to calculate two-sample t-tests on the group
level.

In order to illustrate the differences in activation of the 7 most re-
levant regions (i.e., with voxels that survived FWE-correction on peak-
level, see Table 5) between groups, the eigenvariates were calculated
separately for each participant for both individual and neutral pictures.
The eigenvariates were extracted using SPM's inbuilt functionality by
specifying a sphere with r = 6 mm around the peak voxels and ad-
justing for effects of interest.

3. Results
3.1. Psychological Assessment

The psychological assessment of patients and controls confirms the
clinically relevant symptoms of the patients and the mental health of
the controls (Table 1). The mean of 26.7 (SD = 8.8) on the Yale-Brown
Obsessive-Compulsive Scale (Y-BOCS, Goodman et al., 1989; German
version: Hand and Buettner-Westphal, 1991) ranks the sample in the

Table 1

Arithmetic means (standard deviation) and p-values confirm significant differ-
ences in the psychological assessments of patients and controls. Ranges: Y-
BOCS: 0-40; Beck Depression Inventory (BDI-II): 0-63; Symptom Checklist
(SCL-90-R), scaled values: 0-4.

Psychological assessment

Questionnaire Patients Controls P
Y-BOCS
Total 26.7 (8.8) n.a.
BDI-II
Total 29 (9.9 1.2 (1.5) < 0.001
SCL-90-R
Somatization 1.1 (0.7) 0.2 (0.3) < 0.001
Obsessive-Compulsive 2.4 (0.8) 0.1 (0.2) < 0.001
Interpersonal sensitivity 1.9 (0.9) 0.1 (0.1) < 0.001
Depression 2.1 (0.6) 0.1 (0.1) < 0.001
Anxiety 1.5 (0.8) 0.1 (0.2) < 0.001
Hostility 0.9 (0.8) 0.1 (0.2) 0.001
Phobic anxiety 1.2 (0.8) 0.0 (0.0) < 0.001
Paranoid ideation 1.4 (0.7) 0.1 (0.1) < 0.001
Psychoticism 1.0 (0.7) 0.0 (0.1) < 0.001
Additional items 1.6 (0.9) 0.1 (0.1) < 0.001
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Table 2

Arithmetic mean values of the picture rating for all stimulus categories for
valence, arousal and ability to cope. In brackets: SD. p: p-values (FDR-corrected)
of 2-sided t-test with Hy: mean (patients) = mean (controls).

Post-scan picture ratings: significance between groups

Stimulus Patients Controls p
Individual OCD
Valence 2.50 (1.04) 5.30 (1.03) < 0.0001*
Arousal 6.96 (1.80) 2.14 (1.39) < 0.0001*
Coping 3.32 (1.96) 8.17 (1.34) < 0.0001*
MOCSS OCD
Valence 2.94 (.86) 4.87 (.85) < 0.0001*
Arousal 6.21 (1.88) 2.53 (1.59) < 0.0001*
Coping 4.5 (2.14) 7.88 (1.56) < 0.0001*
Disgust
Valence 3.08 (1.69) 3.51 (1.18) 0.48
Arousal 5.92 (2.09) 3.71 (2.47) 0.03*
Coping 4.63 (2.34) 6.85 (2.44) 0.03*
Neutral
Valence 6.72 (1.33) 6.59 (1.05) 0.75
Arousal 2.38 (1.11) 1.65 (.84) 0.08
Coping 8.15 (.83) 8.57 (.67) 0.17

middle to upper range of OCD symptom severity. Patients rated their
strains significantly higher than controls on the BDI-II and on all sub-
scales of the SCL-90-R. Next to the obsessive-compulsive subscale, de-
pression was rated highest by the patients.

3.2. Picture Ratings

3.2.1. Comparison between groups

The pictures that were finally chosen and used during the scanning
procedure were rated again after the scan including the question
“ability to cope”. As expected, individual and OCD-pictures were per-
ceived significantly different by patients and controls in all dimensions
(i.e. valence, arousal and coping, see Table 2). Neutral pictures were
perceived comparably.

3.2.2. Post-scan ratings: comparison between categories

Furthermore, we tested for significant differences between the ca-
tegories within each group. For patients, Table 3 shows that neutral
pictures are perceived clearly different to all other categories in all
dimensions. Perception of individual OCD-pictures was also sig-
nificantly different in all dimensions compared to the standardized
pictures, but not to the disgusting pictures. Also, the difference between
standardized and disgusting pictures was not significant.

The ratings of the controls were significantly different between all
categories for all dimensions apart from the ability to cope, which was

Table 3
Significant differences between the categories (p-values, FDR-corrected) for
paired t-test (2-sided).

Post-scan picture ratings: Significance between categories

I-M I-D I-N M-D M-N D-N

Patients

Valence  0.03* 0.39 0.00* 0.84 <0.01* <0.01*

Arousal  0.01* 0.18 0.00* 0.73 <0.01* <0.01*

Coping 0.01* 0.15 0.00* 0.85 <0.01* <0.01*
Controls

Valence < 0.01% < 0.01% < 0.01* < 0.01* < 0.01*% < 0.01%

Arousal  0.01* < 0.01*  0.03* < 0.01* < 0.01* < 0.01*

Coping 0.01* < 0.01*  0.07 < 0.01* 0.01* < 0.01*

I: individual OCD-pictures, M: MOCSS OCD pictures, D: disgusting pictures, N:
neutral pictures.
* p < 0.05.
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Table 4
Results of the ANOVA for the picture rating for the three dimensions.
F daf p A
Valence 35.38 7 < 0.001 0.66
Group 40.10 1 < 0.001 0.24
Category 57.71 3 < 0.001 0.58
Group*category 11.49 3 < 0.001 0.21
Arousal 25.68 7 < 0.001 0.58
Group 94.27 1 < 0.001 0.42
Category 19.35 3 < 0.001 0.31
Group*category 9.14 3 < 0.001 0.18
Coping 22.62 7 < 0.001 0.55
Group 79.41 1 < 0.001 0.38
Category 16.90 3 < 0.001 0.28
Group*category 9.41 3 < 0.001 0.18

rated comparable for individual and neutral pictures (Table 3).

A univariate ANOVA with the factors “group” and “category” con-
firmed the significance of the differences (Table 4; see Nieuwenhuis
et al., 2011).

All factors and the interaction between group and category were
significant.

3.2.3. Variability within groups

In Fig. 4, the results are displayed in boxplots in order to show the
variability within the groups. Arousal and coping reveals the most
specific reactions (within the negative stimuli) for the individualized
stimuli for both patients and controls, while valence was most specific
for the standardized pictures in both groups.

3.3. Brain imaging data

The anatomical regions were determined by the Anatomy Toolbox
implemented in SPM (Eickhoff et al., 2005).

3.3.1. OCD-stimuli vs. neutral pictures

First, we were interested in the differences between both OCD-sti-
muli sets compared to neutral pictures. The individual pictures revealed
a group difference in several clusters, including the cingulate cortex,
insula, hippocampus, middle/precentral gyrus, and superior/inferior
parietal lobe (Fig. 5 and Table 5). Concerning the expected activation of
the cortico-striato-thalamic network of OCD, no group difference was
found for the thalamus or the striatum. For the standard OCD stimulus
set (MOCSS), no group difference was found. Since this was unexpected
and contradicting the results from the literature, we lowered the
threshold to p < 0.001 without correction for false-positive results. At
this level, group differences were found in the left inferior parietal and
the right superior frontal gyrus (note that these regions were also sig-
nificant for the individual pictures at the respective level of sig-
nificance, i.e., the standard pictures did not activate any additional
regions). Only when lowering the threshold even further to p < 0.005
uncorrected, activation was found for the MOCSS for the left hippo-
campus, bilateral middle frontal gyrus, bilateral precuneus, and left
superior parietal cortex. However, no group difference was found with
this stimulus set for the cluster including the anterior and posterior
cingulate cortex/supplementary motor cortex, and the insula. It should
be noted again that these results have to be interpreted with great
caution due to the missing correction for false-positives. When checking
for controls > patients, no significant activation was found for neither
the individual pictures nor for the standardized pictures for p < 0.05
(FWE).

The contrast “OCD_Ind. vs. Neutral” is illustrated in Fig. 6 by the
eigenvariates (interpretable as the height of the neuronal activation) for
both groups and both conditions.
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Fig. 4. Boxplots of the picture rating. The pictures were rated for valence (top left), arousal (top right) and coping (bottom). 50% of the answers are within the boxes,
with the median marked as a horizontal line. The upper and lower 25% are indicated by the whiskers.

3.3.2. Individual vs. standardized OCD-stimuli

While Table 5 shows a listed comparison of the two conditions, the
statistically significant difference between individual and standardized
pictures was calculated using the contrast “OCD_Ind > OCD_MOCSS”.
The result for patients > controls reveals the precuneus (left and right)
as the region with highest alteration in neuronal activity (Table 6). For
p < 0.001 (uncorr.), also the other regions with high differences in
significance from Table 5 become significant, especially regions of the
cortical midline-structures like the ACC, MCC and the supplementary
motor cortex (SMC). Both contrasts are depicted in Fig. 7.

140

For controls > patients, no significant activation was found for
p < 0.05 (FWE) on peak- or cluster level.

It should be mentioned that considerable activation was detected in
voxels assigned to white matter (corpus callosum). This phenomenon
has been reported before (Mazerolle et al., 2010) and is still an open
research question.
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Fig. 5. Heightened activation for “OCD_Ind > Neutral” for patients > controls
(p < 0.001 on peak-level with FWE cluster correction of p < 0.05).

Table 5
Brain regions (clusters) with increased activations for patients > controls for
contrast “OCD_Ind > Neutral”.

Brain region(s) L/R X y 2 T k
ACC/SMC L -3 17 37 6.56 132
- 0 17 46 6.56
R 6 26 25 7.06
Hippocampus L -30 —-34 -8 4.96* 52
Insula L -39 14 -5 6.65 19
R 33 17 -11 6.36 6
MFG/PrG L —45 5 37 4.48* 69
R 45 8 43 4.96* 58
PCC L -3 —46 10 6.16 3
Precuneus L —-12 -61 16 6.17 4
SPL/IPL L -36 -55 49 6.17 7
R 51 —-34 49 4.05* 65

k: number of significant voxels within the cluster for the respective threshold.
ACC: anterior cingulate cortex, IPL: inferior parietal lobe, MFG: middle frontal
gyrus, PCC: posterior cingulate cortex, PrG: precentral gyrus, SMC: supple-
mentary motor cortex, SPL: superior parietal lobe.
* p < 0.001 on peak-level with p < 0.05 FWE-corrected on cluster-level,
** p < 0.05 FWE corrected on peak-level.

4. Discussion
4.1. Individual pictures are rated most relevant for OCD patients

As expected, the differences between groups in the picture ratings
were very clear for the individual and standardized OCD-specific pic-
tures in all three dimensions (Table 2). The significant difference be-
tween the categories “individual” and “standardized” OCD-pictures
(Table 3) confirm prior findings on the enhanced psychological re-
activity of OCD patients to individually tailored pictures (e.g., Schienle
et al., 2005; Baioui et al., 2013b; Schiepek et al., 2013). The fact that
the neutral pictures are indeed rated as neutral by the OCD patients
(Tables 2 and 3) is an important prerequisite for creating meaningful
contrasts, since OCD triggers are usually objects considered as “normal”
by healthy controls.

The evaluation of the specificity of the categories (Table 3) for the
patients showed clear differences for all categories compared to neutral
pictures, and to a lesser extend also for the contrast “individual versus
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standardized” pictures, but neither between individual and disgusting
nor between standardized and disgusting pictures. At first glance, one
could conclude that disgusting pictures are just as suitable as stimuli as
individual pictures. When interested in group differences, however, this
does not hold true for the valence, as shown in Table 2. The only result
not expected is the significant difference between individual and neu-
tral pictures for valence and arousal for the controls. This might be
because of the patients’ choice of pictures with toilets, dirt etc., which
of course are less pleasant than neutral pictures for healthy individuals,
too.

4.2. Enhanced neuronal activity for individual stimuli

The aim of this study was to investigate differences in the activation
of an individual compared to a standardized stimulus set. While the
individual pictures were able to reveal neuronal activation in regions
commonly reported in fMRI-studies of OCD patients (e.g., Schiepek
et al., 2011; Del Casale et al., 2015), this was not the case for the
standardized Maudsley Obsessive-Compulsive Stimulus Set. It seems
like — in accordance with the picture rating — the enhanced psycholo-
gical reaction is reflected by a heightened neuronal activity in the in-
dividual pictures. Concerning the missing difference in activation when
corrected for false-positives for the standardized pictures between
groups, one has to keep in mind that the MOCSS was designed on a
dimensional scale, i.e., especially the pictures for the washing subset
are also provocative for healthy controls (Mataix-Cols et al., 2004), as
confirmed by our picture ratings (Table 3). In contrast, the individual
pictures of our sample did not provoke any different neuronal response
than the neutral pictures in the control group (not reported), i.e., they
were well suited to elicit group differences between patients and con-
trols. The missing activation for the standardized pictures could
therefore be due to the fact that the difference between groups is not as
strong as in the individual picture set.

4.3. Regions concerned with self-related processes and memory

Another hypothesis concerned the interpretation of Baioui et al.
(2013a), who proposed that the two OCD-stimulus sets will elicit re-
sponses in different aspects of the pathology. Our results, however,
suggest another approach. As reported in the results section, the stan-
dardized pictures did not reveal group differences in any additional
regions, even when the correction for multiple comparisons was dis-
regarded. Although Baioui et al. do not discuss this possibility, their
reported results for the standardized pictures at the level of p < 0.05
with FWE correction are limited to one region only (nucleus caudatus),
while the individual set detected pathological activation also in addi-
tional regions (nucleus accumbens, pallidum). Instead of interpreting
the difference in activation as some kind of functional difference, it
could well be a matter of effect size.

In contrast, some of the regions found for the individual pictures
were not significant for the standard set even at the very loose un-
corrected threshold of p < 0.005. It therefore seems unlikely that the
activation of ACC/PCC/SMC and insula with the individual stimuli only
is due to different aspects of OCD symptoms. A more plausible ex-
planation might be that they are active because of effects of recognition.
The direct comparison of the two stimuli sets revealed the precuneus as
the region with the biggest difference. The precuneus belongs to the
associative cortices with numerous connections to other cortical and
subcortical regions, thus permits the brain to integrate both external
and internal information (Cavanna and Trimble, 2006; Northoff, 2014).
In a review study, Cavanna and Trimble categorized the functional
correlates of the precuneus found in fMRI and PET studies into the three
domains “visuo-spatial imagery”, “episodic memory retrieval” and
“self-processing”. Similar roles can be found for the cingulate cortex
(ACC/SMC and PCC), which is known to be part of the cortical midline
region responsible for self-referential processes (Northoff, 2014). Also,
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Fig. 6. Eigenvariates for patients and controls for the 7 most relevant brain regions for both individual OCD pictures (dark grey) and neutral pictures (light grey).

the left insula has recently been shown to play an important role in however, was not aimed at and does not allow differentiating between
autobiographic memory retrieval (Parlar et al., 2018) and might be “normal” and “abnormal” self-processing.

additionally activated through its connectivity to the ACC (Chang,
2012). Still, it should be noted that these regions could per se be altered
in psychiatric disorders, reflecting an abnormal processing of self-re-
lated information and memory retrieval, as shown for depression
(Northoff, 2014; Parlar et al., 2018). The paradigm presented here,

4.4. Limitations

Some limitations have to be taken into consideration with regard to
this study. First, a sample size of 17 patients and 17 controls is assumed
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Table 6
Contrast “OCD_Ind >. OCD_MOCSS” for patients > controls.

Brain region L/R X y z T k

ACC R 9 17 22 6.70* 291

MCC/SMC R 3 11 31 6.59* 119
0 17 49 4.99*

MFG/PrG R 48 8 46 5.03* 49
54 5 40 4.87*

N. Caudatus/Thalamus L -9 8 1 5.72* 53
—-12 -4 1 4.95*%

Precuneus L -12 —-61 19 9.09 18

R 9 —-61 25 8.01 7

Precuneus/MTG/SOG L -36 -76 34 6.48* 102
—42 -76 22 5.36¢
-30 —-82 28 4.43*

R 36 -76 34 4.74* 99

42 -79 16 4.69*
42 —-67 16 4.56*

SPL/IPL R 39 —58 55 4.51* 171
39 —40 43 5.37*

k: number of significant voxels within the cluster for the respective threshold.
ACC: anterior cingulate cortex, IPL: inferior parietal lobe, MCC: middle cingu-
late cortex, MFG: middle frontal gyrus, MTG: middle temporal gyrus, PrG:
precentral gyrus, SMC: supplementary motor cortex, SOG: superior occipital
gyrus, SPL: superior parietal lobe.
* p < 0.001 on peak-level with p < 0.05 FWE-corrected on cluster-level,
** p < 0.05 FWE corrected on peak-level.

Fig. 7. The contrast “OCD_Ind > OCD_MOCSS” for patients > controls reveals
highest activation in the left and right precuneus (p < 0.001 on peak-level with
FWE cluster correction of p < 0.05).

to detect large effects only (Carp, 2012). However, the same author
found the median in his review of 234 fMRI studies to be 14.75 for two-
group analyses. Although this should not be an excuse for limited sta-
tistical power, bigger sample sizes hardly seem to be practically feasible
(note that the results presented here are part of a longitudinal study
with four to five measurements per participant). Second, the patients
were not medication-naive. Even though psychotropic drugs are spe-
cifically designed to alter neuronal activity, it can be assumed that — if
the patient still meets the criteria for OCD - the drug was not able to
change the disease-specific activation to an extend that normalized the
brain function. Third, comorbidities, especially with major depressive
disorder, are common in OCD (Schiepek et al., 2011). In consequence, it
cannot be excluded that some of the pictures — though specifically
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designed to provoke OCD symptoms — also provoked altered neuronal
activation due to a comorbidity in depression.

To conclude, the study confirms the enhanced psychological and
neuronal reactivity of OCD pictures when confronted with individual
stimuli compared to standardized stimuli and thereby stresses and
confirms the advantages of individually tailored symptom provocation
in fMRI. Only when choosing stimuli that appropriately address the
unique patterns of symptom manifestation in patients, brain regions
were significant with family-wise error correction applied.

When using individual stimuli in fMRI, one yet has to take into
account that validity might be affected when using these stimuli only,
since the aspect of recognition cannot be subtracted by contrasts if the
patients’ stimuli are used for the control as well, for whom they are
unknown. As a result, parts of the self-referential network were sig-
nificant, too, and could easily be misinterpreted as neuronal correlate of
the illness under consideration.

4.5. Future research

An idiographic, individualized approach should also be considered
for other studies, especially with a clinical questions at hand, to account
for the considerable intra-individual variation in neuronal activity.
Using such stimuli would be an important step towards replicability and
validity of fMRI results, as they are able to detect effects that would
have been discarded when using the standard stimulus set only.
However, it is important to use individual pictures in the neutral con-
dition, too, so that the overlap with processes of recognition and self-
reference will be eliminated. Another approach to enhanced effects
while avoiding this confound might be given by a standardized set of
stimuli that can be individualized by choosing the most triggering
images, as proposed by Simon et al. (2012).
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