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Time-dependent effect of left posterolateral cerebellar TMS in facial emotional processing

Dear Editor,

Understanding cognitive brain processes requires information about 
the timing of activation within and between different brain sites. 
Chronometric approaches, such as electroencephalography (EEG) and 
magnetoencephalography (MEG), have uniquely contributed to eluci
dating the neural dynamics supporting perceptual, memory, and 
emotional processes [1]. However, both EEG and MEG are challenging 
to implement in the cerebellum, which is now well-known for its role in 
cognitive, social, and emotional functions. Consistent evidence has 
shown that the posterior cerebellum is recruited during various socio
emotional tasks, from emotion perception to mentalizing, and that it is 
functionally connected to the salience and social networks [2]. Yet, the 
precise timing of cerebellar involvement in socioemotional processing 
remains unknown, limiting our understanding of its functional inte
gration within broader brain networks that support these behaviors. 
Here, we employed chronometric transcranial magnetic stimulation 
(TMS), the only non-invasive chronometric approach applicable to the 
cerebellum, to investigate the temporal dynamics of the posterolateral 
cerebellum’s involvement in facial emotional processing. We demon
strated that the left posterolateral cerebellum contributes to the pro
cessing of emotional faces between 220 and 320 ms after the onset of the 
emotional stimulus. Critically, this time-specific contribution is selective 
of the left posterolateral cerebellum and does not extend to the contra
lateral (right) cerebellum.

Twenty-four healthy right-handed Italian participants (7 males) 
indicated whether two consecutive emotional faces expressed the same 
or a different emotion while receiving neuronavigation-guided triple- 
pulse TMS (20 Hz) over the left and the right posterolateral cerebellum 
and the vertex (control site) (Fig. 1A/B). They were unaware of the 
study’s scope and the TMS condition applied. TMS was delivered at 
three different time windows from target onset, namely 120- to 220 ms, 
220- to 320-ms, and 320- to 420-ms, in order to cover the first ~500 ms 
of emotional face processing, in line with prior evidence showing that 
cortical responses to emotional faces extend to this temporal range [3]. 
These timings were used in our previous chronometric investigation of 
the paramedial cerebellum in emotional processing [4]. Further meth
odological details, including power analysis for definition of the sample 
size, are provided in the Supplementary Materials. We conducted a 
repeated-measures ANOVA with TMS site (right-posterolateral cere
bellum, left-posterolateral cerebellum, and vertex) and TMS timing 
(120- to 220-ms time window, 220- to 320-ms time window, and 320- to 
420-ms time window) as within-subjects variables on inverse efficiency 
(IE = mean correct RT/proportion of correct responses). 
Bonferroni-Holm correction was applied to multiple comparisons. The 
main effects of TMS site, F (2, 46) = 1.53, p = .23, and of TMS timing, F 
(2, 46) = 1.20, p = .31, were not significant. In turn, the interaction TMS 
site by TMS timing, F (4, 92) = 2.71, p = .035, ηp

2 = .11, reached 

significance (Fig. 1C) and was further examined by looking at the simple 
main effect of TMS site within each time window. When delivered in the 
220- to 320-ms time window, TMS impaired performance, F (2,46) =
5.93, p = .005, ηp

2 = .21, with participants performing worse during TMS 
over the left-posterolateral cerebellum compared to the vertex, t (23) =
2.49, p = .041, and the right-posterolateral cerebellum, t (23) = 3.19, p 
= .012. TMS in the 220- to 320-ms time window over the 
right-posterolateral cerebellum did not affect performance compared to 
the control condition, t (23)<1, p = .91. TMS over either the left or the 
right posterolateral cerebellum delivered in the 120- to 220-ms time 
window, F (2, 46) = 1.14, p = .33, and in the 320- to 420-ms time 
window, F (2, 46)<1, p = .96, did not interfere with task performance 
compared to the control condition. Our findings suggest that the left (but 
not the right) posterolateral cerebellum is recruited in discriminating 
emotional faces in a specific time interval: from 220 ms to 320 ms after 
the onset of the to-be-evaluated emotional stimulus.

Consistent evidence suggests that the posterior cerebellum is a key 
region involved in socio-emotional processes. Here, we demonstrated 
for the first time that the left posterolateral cerebellum contributes to the 
discrimination of emotional faces selectively between 220 and 320 ms 
after the face onset. This result complements our previous chronomet
rical investigation of the paramedial cerebellum, which showed that this 
region is involved in emotional face processing earlier, between 100 and 
220 ms after the face onset [4]. The difference in the time window of 
TMS-induced impairment between the paramedial and posterolateral 
cerebellum represents a unique temporal marker of the functional in
dependence of these two regions, adding to previous neuroimaging and 
brain stimulation findings [5,6]. Critically, the timing of the biphasic 
pattern of cerebellar involvement in facial emotional processing we 
observed in our studies corresponds to that reported in the cerebrum by 
MEG investigations [7] that show a first amplification of emotional 
processing around 120–170 ms from the emotional cue onset in occi
pitotemporal regions, and a following one, around 220–310 ms, in 
anterior temporal lobe (ATL). This parallelism suggests a synergistic 
interaction between cerebral and cerebellar regions in supporting 
emotional processing, underscoring the need to incorporate the cere
bellum into the well-established models of emotional face processing. 
According to the Internal Model Hypothesis, the cerebellum supports 
brain processing by generating predictive models based on previous 
experience [8]. We propose that during emotional processing, 
cerebellar-based predictive models play a pivotal role in two phases. 
Around 100 ms from the appearance of the emotional face, the para
medial cerebellum receives inputs from the posterior Superior Temporal 
Sulcus (pSTS). It generates perceptual predictive models that are sent 
back to the pSTS to facilitate its integration of visual information and 
attribution of socioemotional meanings to faces. STS sends inputs to 
ATL, which forwards information to the posterolateral cerebellum. This 
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region creates memory-related predictive models based on this infor
mation and sends them back to ATL to facilitate the linking of perceptual 
face representations with person-specific, social, and emotional mem
ories [9]. Our finding of the selective left cerebellar TMS-induced 
impairment further supports the hypothesized role of the posterolat
eral cerebellum in memory-related processes. Indeed, only the right (not 
the left) ATL to which the left posterolateral cerebellum is connected is 
associated with emotion and socially relevant memory [10]. There is 
also systematic evidence that during social tasks, the posterolateral 
cerebellum is functionally connected to the dorsomedial prefrontal 
cortex [11]. Therefore, an alternative hypothesis is that the posterolat
eral cerebellum mediates the generation of predictive models to 
implement high-order sociocognitive functions, i.e., mentalizing; a 
possibility that remains to be explored in future research.

Our finding of a selective contribution of the left posterolateral 
cerebellum is fully consistent with recent neuroimaging studies 
revealing stronger and more numerous effective connections from the 
left posterolateral cerebellum to right-hemispheric cortical social areas 
compared to left-hemispheric regions, in line with the well-established 
right-hemisphere dominance of socio-emotional networks in the cere
brum [11]. Further support for this left-cerebellar-right-cerebral orga
nization in underpinning emotional processing comes from a recent TMS 
study demonstrating causal connectivity between the left paravermal 
cerebellum and the right pSTS during emotional processing [4]. Our 
findings also align with a consistent body of evidence, suggesting that 
the pattern of functional lateralization in the cerebellum broadly mirrors 
the organization of the cerebral hemispheres, as shown by the right 
cerebellar hemisphere being preferentially engaged in language-related 
functions, including linguistic prediction and phonological processing 
[5].

Our findings offer novel insights into the timing of cerebellar 
contribution to socio-emotional processing, adding to the emerging 
literature on cerebellar functional lateralization and structural asym
metries, an area that remains underexplored. Crucially, by temporally 
characterizing the cerebellum’s role within the broader social brain 
network, our results help integrate this historically overlooked structure 

into current models of social cognition.
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Supplementary data to this article can be found online at https://doi. 
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S. Paternò et al.                                                                                                                                                                                                                                 

https://doi.org/10.1016/j.brs.2025.103000
https://doi.org/10.1016/j.brs.2025.103000
http://refhub.elsevier.com/S1935-861X(25)00402-4/sref1
http://refhub.elsevier.com/S1935-861X(25)00402-4/sref1
http://refhub.elsevier.com/S1935-861X(25)00402-4/sref3
http://refhub.elsevier.com/S1935-861X(25)00402-4/sref3
http://refhub.elsevier.com/S1935-861X(25)00402-4/sref3
http://refhub.elsevier.com/S1935-861X(25)00402-4/sref4
http://refhub.elsevier.com/S1935-861X(25)00402-4/sref4
http://refhub.elsevier.com/S1935-861X(25)00402-4/sref5
http://refhub.elsevier.com/S1935-861X(25)00402-4/sref5


Brain Stimulation 19 (2026) 103000

3

[6] Ferrari C, Ciricugno A, Arioli M, Cattaneo Z. Functional segregation of the human 
cerebellum in social cognitive tasks revealed by TMS. J Neurosci 2023;43(20): 
3708–17.
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