
SUMMARY 
Background: Obsessive-compulsive disorder (OCD) is a common mental disorder that may seriously 

affect quality of life and even the ability to work. Despite advanced medical care there are still patients 

who do not respond or do not respond sufficiently to treatment. Recently proposed treatment strategies 

such as deep brain stimulation or repetitive transcranial magnetic stimulation have targeted several 

levels of fronto-striatal circuits which dysfunction underlies OCD pathophysiology. Likewise, 

neurofeedback (NFB) could target dysfunctional fronto-striatal networks by providing almost real-

time feedback about their activity. As the success of these methods critically depends on good 

knowledge of dysfunctional loops in OCD, a more detailed investigation of neurobiological basis of 

this disorder is highly needed. 

Aims: The aim of the first part of this dissertation was to provide an overview of the current literature 

related to OCD and NFB. The second section of the thesis is based on five original studies of the 

author that were conceived to 1) explore anatomical correlate of OCD in our patients, 2) to verify its 

functional relevance and specificity in electroencephalographic (EEG) studies, and 3) to test the utility 

of the findings in NFB treatment of OCD.  

Methods: In our studies we included patients with clinical diagnosis of OCD, panic or generalized 

anxiety disorder, and healthy controls matched for age, sex, eventually education. We acquired 

demographic, clinical, anatomical, and EEG data. Anatomical and EEG data were analyzed on a 

voxel-wise level using voxel-based morphometry and standardized low-resolution electromagnetic 

tomography (sLORETA). In addition, EEG data were analyzed by means of normative independent 

component analysis. Across studies, we performed correlations with clinical variables, especially with 

symptom severity and treatment response. The effect of NFB was tested in a double-blind sham 

feedback controlled study where we compared also pre- to post- treatment EEG and clinical symptom 

severity. 

Results: We found that: 1. OCD patients had reduced grey matter volume in the medial frontal cortex 

as well as in the right temporo-parieto-occipital, right precentral, left middle temporal region, in the 

left cerebellum, and in bilateral pons. 2. OCD patients had increased low-frequency (2 – 6 Hz) EEG 

activity in the medial frontal cortex. 3. OCD patients showed increased low-frequency (3 – 6 Hz) 

activity in one of the seven independent EEG components previously described in normal resting 

brain. 4. The elevated low-frequency activity was not present in patients with panic or generalized 

anxiety disorder. 5. The severity of obsessive-compulsive symptoms was positively related to the left 

orbitofrontal grey matter volume and negatively related to grey matter volume in supramarginal gyri. 

6. Better treatment outcome was negatively related to pre-treatment low-frequency (2 – 6 Hz) activity 

in the medial frontal cortex, beta (18.5 – 21 Hz) activity in the medial frontal, left lateral orbitofrontal, 

and dorsolateral prefrontal cortex, and low alpha (8.5 – 10 Hz) activity especially in the left fusiform 

and parahippocampal gyrus. On the other hand, a better treatment outcome was positively related to 

the amount of pre-treatment high beta activity (21.5 – 32 Hz) in the independent EEG component 

differentiating between OCD patients and healthy subjects as well as in the subgenual and dorsal 

anterior and posterior cingulate extending up to the lateral surface of the frontal and parietal cortices. 

6. Although there were no significant pre- to post-training differences, the trained component power 

fell below the 95th percentile of the normative database after NFB training. NFB group showed higher 

percentage improvement of the compulsion score compared to patients receiving sham feedback.  

Conclusion: Our findings are in favour of the current opinion that the traditional orbitofronto-striatal 

loop is not sufficient to explain OCD pathogenesis and that abnormalities in this disorder include more 

widely distributed brain regions. Central role of the anterior cingulate across our studies as well as 

increased amount of low-frequency activity in OCD offer a new view of OCD as a salience network-

related disorder. Given the negative relationship between the amount of the low-frequency activity in 

the medial frontal cortex and future treatment response, we suggested that by NFB we targeted a 

network related to treatment resistance rather than a correlate of symptom severity, possibly 

explaining why the immediate clinical effect was low. 


