In Action Execution and Observation the Cerebellum Exerts a Differential Control
over the Excitatory/Inhibitory Dynamics of Inter-Regional Effective Connectivity

Gokce Korkmaz'-3, Roberta M. Lorenzi' Adnan A.S. Alahmadi?3, Anita Monteverdi4, Letizia Casiraghi'-°, Egidio D’Angelo™-4, Fulvia Palesi’,
Claudia A.M. Gandini Wheeler-Kingshott'3-4

1 Department of Brain and Behavioral Sciences, University of Pavia, Pavia, Italy 2Department of Radiologic Sciences, Faculty of Applied medical sciences, King Abdulaziz University, Jeddah, Saudi Arabia A
SNMR Research Unit, Queen Square Multiple Sclerosis Centre, Department of Neuroinflammation, UCL Queen Square Institute of Neurology, UCL, London, UK m
4 Digital Neuroscience Center, IRCCS Mondino Foundation, Pavia, ltaly SDepartment of Mental Health and Dependence, ASST of Pavia, Pavia

)
A step further to explain brain connectivity Dynamic Causal Modelling (DCM)  \curonal Model Haemodynamic Model
______________ = o hemo'dynamic res'ponses
. . . . . ,l'f;- ti ti :F X . . - . . . g _
o potone) f””c?ggﬁgg’t;;”fs‘;“v“y ‘e(ﬁﬁ;\:ﬁgﬁgﬁzxy The direction and inter-regional DCM goal is to uncover the underlying neural  § "
S - “._ influence of the complex neural ~ mechanisms of causal interactions by quantifying 3 |
o *s._ system is still an enigma the effective connectivity between regions 3 ® " -
.; \ S U § 02
g l %. 0.1
, = . | .
-c % I g: " -’ < time [s] % 5 10 15
o g : Blood Oxygenation Level De '
3 g pendent (BOLD) signal
b 2 s 2 .//' \ 10 ] Yg . . ; ( : ) lg
C g ¢ 5 [k - sk i : : o | preciced ||
— S > £ o A AL RN ohserved
_ : _y /‘v : ~— -50 1 (;0 2(;0 3(;0 4(;0 5(;0 6(;0 ?(;0 200
Adapted from Honey ef al, 2007; Casiraghi et al 2019; Palesi ot al, 2020; Lorenzi et al, 2024 The neuronal model represents the neural activity that drives dynamic interactions between
— ) brain regions and that is linked to the BOLD signal through an hemodynamic model.
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8 AIM: Unveiling the differences in Cerebro-Cerebellar causal relations during Action Execution (AE) and Action Observation (AO)
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Grip Force and BOLD Response Investigating Linear and Non-linear Responses|| Model Construction
We aimed to identify and quantify regional BOLD BOLD- Grip Force Relation v\l/juB?Tgifaotgrgerti::rrl\(/i;uzecg:tz:s OflntereSt\g@
responses to Grip Force variations when performing W1 L: Loft p,,mar‘;motoy, corfex AXs
and observing a squeeze ball task CC_L: Left cingulate corfex e 0
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Who drives the non-linearities in the visuo-to-plan
functional pathway?
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Fixed Effective Connectivity winning model (S1 outcomes) N Modulation of the Fixed Effective Connectivity (S2 outcomes ) )
A) Bayesian Model Selection Winning model structure A1 Action Execution (AE) Network B1 Action Observation (AO) Network
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BMS with random effects (RFX-BMS) identified Model S1.4 as the “winning model” with posterior g | p— N’ g — N’
) | probability > 90% in both action execution (AE, panel A.1) and action observation (AO, panel A.2). 2 4 7 - 4 —§
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e representation of the S2-winning model for AE and AO forward loops (A2 & B2) and backward loops (A3 & B3).
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Effective connectivity strength in Hz with positive values for excitatory connections and negative S
values for inhibitory connections. <«—:Connections between regions *:Driving input\.ﬂSt order modulation with inhibition of the connection strength [Hz]
The strongest excitatory connections are from V1 to SMAPMC, both in AE and AO, and from V1 to “N@ -1t order modulation with excitation of the connection strength [Hz]
M1 only in AE. The connections CRBL-R->SMAPMC-L and SMAPMC-L->CRBL-R are excitatory “\® :2"¢ order modulation with excitation of the connection strength [Hz]
in AE while they are inhibitory in AO The Cerebellum regulates BOLD modulations nonlinearly in AE and linearly in AO.
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o| The presence of sensorimotor feedback in AE determines the way the cerebellum operates as a forward controller
2 on motor planning areas.
g Our next step will be investigating how sensorimotor control impacts on cerebro-cerebellar function and dysfunction in neuroinflammatory
8 diseases such as Multiple Sclerosis (MS)
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