
 

 

 

 
Investigating the dynamics of task-induced modulation and test-retest stability in the triple 

resting-state networks using functional magnetic resonance imaging 
 
 
 
 
 
 
 
 
 
 

 
 

Hasan Mohammad Hasan Sbaihat 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 



Investigating the dynamics of task-induced modulation and test-retest stability in the triple 
resting-state networks using functional magnetic resonance imaging 

 
 
 
 
 
 

Von der Medizinischen Fakultät 
der Rheinisch-Westfälischen Technischen Hochschule Aachen 

zur Erlangung des akademischen Grades eines Doktors der Theoretischen Medizin 
genehmigte Dissertation  

 
 
 

 
vorgelegt von 

 
 

Hasan Mohammad Hasan Sbaihat 
 
 
 

aus 
 

 Nazareth  
 
 
 

Berichter: Frau Univ.-Prof. Dr. med. Irene Neuner 
Herr Univ.-Prof. Dr. rer. nat. Nadim Joni Shah  

 
Tag der mündlichen Prüfung: 12.10.2022 

 
 
 
 
 
 

Diese Dissertation ist auf den Internetseiten der Universitätsbibliothek online 
verfügbar. 

 
 
 

 

 

 
 
 
 
 



 
 

 
D82 (Diss. RWTH Aachen University, 2022) 

Hasan Sbaihat, Ravichandran Rajkumar, Shukti Ramkiran, Abed Al-Nasser Assi, N. 
Jon Shah, Tanja Veselinović, Irene Neuner. Dynamics of task-induced modulation of 
spontaneous brain activity and functional connectivity in the triple resting-state networks 
assessed using the visual oddball paradigm. PLoS One. 2021 Nov 4;16(11):e0246709. 
doi: 10.1371/journal.pone.0246709. PMID: 34735449; PMCID: PMC8568109. 
 
Hasan Sbaihat, Ravichandran Rajkumar, Shukti Ramkiran, Abed Al-Nasser Assi, Jörg 
Felder, N. Jon Shah, Tanja Veselinović, Irene Neuner. Test-retest stability of 
spontaneous brain activity and functional connectivity in the core resting-state networks 
assessed with ultrahigh field 7-Tesla resting-state functional magnetic resonance 
imaging. Human brain mapping, 2022 January 1-15. DOI: 10.1002/hbm.25771. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 

This doctoral dissertation is dedicated to my parents Radia and Mohammed Sbaihat, and 
to my late aunt Nada Sbaihat. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



List of publications 

 

Publications of this dissertation: 

Hasan Sbaihat, Ravichandran Rajkumar, Shukti Ramkiran, Abed Al-Nasser Assi, N. 
Jon Shah, Tanja Veselinović, Irene Neuner. Dynamics of task-induced modulation of 
spontaneous brain activity and functional connectivity in the triple resting-state networks 
assessed using the visual oddball paradigm. PLoS One. 2021 Nov 4;16(11):e0246709. 
doi: 10.1371/journal.pone.0246709. PMID: 34735449; PMCID: PMC8568109. 
 
Hasan Sbaihat, Ravichandran Rajkumar, Shukti Ramkiran, Abed Al-Nasser Assi, Jörg 
Felder, N. Jon Shah, Tanja Veselinović, Irene Neuner. Test-retest stability of 
spontaneous brain activity and functional connectivity in the core resting-state networks 
assessed with ultrahigh field 7-Tesla resting-state functional magnetic resonance 
imaging. Human brain mapping, 2022 January 1-15. DOI: 10.1002/hbm.25771. 
 
Other publications: 

Dilsa Cemre Akkoc Altinok, Ravichandran Rajkumar, Dominik Nießen, Hasan Sbaihat, 
Margo Kersey, N. Jon Shah, TanjaVeselinović, and Irene Neuner. Common neurobiological 
correlates of resilience and personality traits within the triple resting-state brain networks 
assessed by 7-Tesla ultra-high field MRI. Scientific Reports. 2021 Jun 2;11(1):11564. doi: 
10.1038/s41598-021-91056-y. PMID: 34079001; PMCID: PMC8172832. 

 

Cláudia Brambilla, Tanja Veselinovic, Ravichandran Rajkumar, Joerg Mauler, Andreas 
Matusch, Andrej Ruch, Linda Orth, Shukti Ramkiran, Hasan Sbaihat, Nicolas Kaulen, Nibal 
Khudeish, Christine Wyss, Karsten Heekeren, Wolfram Kawohl, Elena Rota Kops, Lutz 
Tellmann, Jürgen Scheins, Frank Boers, Bernd Neumaier, Johannes Ermert, Markus Lang, 
Stefan Stüsgen, Hans Herzog, Karl-Josef Langen, Jon Shah, Christoph Lerche, and Irene 
Neuner. mGluR5 Binding Changes During a Mismatch Negativity Task in a Multimodal 
Protocol with [11C]ABP688 PET/MR-EEG. Translational Psychiatry. 2022 January 12:6; 
https://doi.org/10.1038/s41398-021-01763-3. 

 

Nicolas Kaulen, Ravichandran Rajkumar, Claudia Régio Brambilla, Jörg Mauler, Shukti 
Ramkiran, Linda Orth, Hasan Sbaihat, Markus Lang, Christine Wyss, Elena Rota Kops, 
Jürgen Scheins, Bernd Neumaier, Johannes Ermert, Hans R. Herzog, Karl-Joseph 
Langen, Christoph Lerche, N. Jon Shah, Tanja Veselinović, and Irene Neuner. mGluR5 
and GABAA Receptor Specific Parametric PET Atlas Construction - PET/MR Data 
Processing Pipeline, Validation and Application. Human brain mapping, 2022 January 
1-16. DOI: 10.1002/hbm.25778. 
 

 

 

 

 



 

 

 

 



 

 

 



 



 

 



 

 



 

 



 

  



 

 



 

 



 

 



 

 



 

 

 



 

 



 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 

 

 



 

Supporting information 

 

S1 Fig. BOLD activation in response to target and frequent stimuli in the passive, count and 

respond condition (group-level mixed-effects FLAME, single group average) for 21 healthy 

subjects (age: 29 ± 5.6 years), Cluster-corrected threshold (Z = 2.3, p = 0.01). 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

S2 Fig. BOLD activation of the tripled two-group difference (“tripled t-test”) for the (target > 

frequent) first level contrast. The tripled two-group differences are like follows: Count > 

passive (A), respond > passive (B), and respond > count (C) across 21 healthy subjects 

(age: 29 ± 5.6 years), Cluster-corrected threshold (Z = 2.3, p = 0.01). 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 



 

 

 

 

 



 

 

 

 

 



 

 

 

 

 



 

 

 

 

 



 

 

 

 

 



 

 

 

 

 



 

 

 

 

 



 

 

 

 

 



 

 

 

 

 



 

 

 

 

 



 

 

 

 

 



 

 

 

 

 



 

 

 

 

 



 

 

 

 

 



Supporting information 

Supplementary Figure 1 (S-Fig. 1)  

 

S-Fig. 1. Mean of the inter-measurement stability across 15 subjects (calculated from the 
sample excluding one potential outlier subject) for the fMRI parameters (amplitude of low-
frequency fluctuations (ALFF), fractional ALFF (fALFF), regional homogeneity (ReHo), and 
degree centrality (DC)) in each core network, i.e., the default mode network (DMN), the 
central executive network (CEN), and the salience network (SN). The error bars represent 
standard deviation. 
 
Generally, the results did not differ noticeably from the findings from the whole sample with 
16 participants. We observed the mean stability of ALFF parameter to be strong in all three 
networks with highest in both, the DMN (0.91 ± 0.05; range from 0.76 to 0.96), and the SN 
(0.91 ± 0.05; range from 0.76 to 0.95) followed by the CEN (0.88 ± 0.07; range from 0.69 to 
0.95).  



The mean stability of fALFF parameter was found to be moderate in all three networks: 
DMN: 0.69 ± 0.10 (range from 0.44 to 0.85); CEN: 0.63 ± 0.12 (range from 0.44 to 0.90); 
SN: 0.59 ± 0.15 (range from 0.35 to 0.83).  
 
The mean stability of ReHo parameter was found to be strong in all three networks: DMN: 
0.87 ± 0.08 (range from 0.64 to 0.93); CEN: 0.84 ± 0.09 (range from 0.56 to 0.94); SN: 0.83 
± 0.06 (range from 0.69 to 0.91).  
 
The mean stability of DC parameter was found to be strong in all three networks with highest 
in the SN: 0.77 ± 0.09 (range from 0.64 to 0.92) followed by the CEN: 0.74 ± 0.08 (range 
from 0.62 to 0.90); and the DMN: 0.72 ± 0.15 (range from 0.32 to 0.89). 
 
 

Supplementary Figure 2 (S-Fig. 2) 

 

S-Fig.2. Mean of the inter-network correlations stability between the three core resting 
state networks depicted as the mean correlations between the DMN/SN, the DMN/CEN, 
and the SN/CEN. The error bars represent standard deviation. This calculation was 
performed on the sample of 15 participants, i.e., without the one participant who was 
considered as a potential outlier. 

The inter-network connectivity showed a variant stability between the investigated 
network-pairs:  between DMN and SN: 0.70 ± 0.17; (range from 0.36 to 0.94) strong 
stability; between DMN and CEN: 0.62 ± 0.21 (range from 0.12 to 0.94) moderate stability; 
between CEN and SN: 0.78 ± 0.11 (range from 0.60 to 0.91) strong stability.  

 

 

 

 



 

Supplementary Table 1 (S-Tab. 1)  

Subjects 
number 
in 
original 
data set 

Excluding criteria   
Subjects 
number in 
this study 

27430 Included in study Sub 01 
27431 Included in study Sub 02 
27432 Included in study Sub 03 
27433 Included in study Sub 04 
27434 Included in study Sub 05 
27435 Included in study Sub 06 
27436 Included in study Sub 07 
27437 Included in study Sub 08 
27438 Excluded due to the motion (more than 2.0 mm in session 1) *** 
27439 Included to study Sub 09 

27440 
Excluded due to the low-resolution of fMRI images in both 
sessions *** 

27441 Included in study Sub 10 
27442 Included in study Sub 11 
27443 Included in study Sub 12 
27444 Excluded due to fMRI data missing in the right frontal region *** 
27445 Excluded due to the motion (more than 2.5 mm in session 2) *** 
27446 Included in study Sub 13 

27447 Included in study Sub 14 
27448 Included in study Sub 15 
27449 Included in study Sub 16 
27450 Excluded due to motion (more than 3.0 mm in session 1) *** 
27451 Excluded due to the motion (more than 2.5 mm in session 2) *** 

S-Tab.1. Showing the included and excluded subjects in our study. Some subjects were 
excluded due to motion, missing of the data, or low-resolution fMRI images.  

 

 

 

 

 

 

 



 

 

 

Supplementary Table 2 (S-Tab. 2)  

Subject number Percentage volumes 
left in Session 1 

Percentage volumes 
left in Session 2 

1 91 99 

2 100 100 

3 99 95 

4 99 99 

5 93 99 

6 99 99 

7 98 100 

8 100 90 

9 98 87 

10 96 88 

11 100 100 

12 100 100 

13 99 100 

14 99 100 

15 98 100 

16 91 79 

S-Tab.2. Showing the percentage of volumes left for each subject and session after 
scrubbing.  

 

 

 

 

 

 

 

  



Supplementary Table 3 (S-Tab. 3)  

 

 

 



Supplementary Table 4 (S-Tab. 4)  

 
 

 



Supplementary Table 5(S-Tab. 5) 
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