
C ervical dystonia is a common form of dystonia charac-
terized by involuntary muscle neck contractions, which 
can lead to abnormal head postures, tremor, and pain. 

In therapy-refractory cases, deep brain stimulation (DBS) of 
the internal globus pallidus is an established treatment option. 
Although this therapy produces clear clinical improvements 
in many patients, the underlying neurophysiological mecha-
nisms are not yet fully understood. Evidence from neurophy-
siological and neuroimaging studies suggests that dystonia is 
a network disorder involving sensorimotor cortical areas, the 
basal ganglia, and the cerebellum. In particular, alterations 
in neuronal population activity in the low-frequency band are 
thought to play a central role in the pathophysiology of the di-
sease. Additionally, previous studies have found that pallidal 
DBS suppresses these pathologically enhanced low-frequency 
oscillations and modulates sensorimotor and cerebellar net-
works in dystonia. However, anatomical and electrophysiolo-
gical findings have rarely been linked, and it remained unclear 
whether oscillatory changes occur within the same networks 
identified in previous neuroimaging studies.

In the present study, we therefore investigated the neurophy-
siological network effects of pallidal DBS in patients with cer-
vical dystonia. We acquired magnetoencephalography (MEG)  
recordings ON and OFF stimulation in 16 patients with cer-
vical dystonia in Berlin and Düsseldorf. Specifically, we ana-
lyzed whether individual treatment outcomes are associated 
with a specific pattern of stimulation-induced changes in low-
frequency activity across the entire cortex. Indeed, pallidal 
neurostimulation induced changes in cortical oscillatory ac-
tivity with low-frequency suppression in the SMA being asso-
ciated with clinical improvements. Additionally, a significant 
proportion of the variance in treatment response could be ex-
plained by a specific modulation pattern in the low-frequency 
range between 6–12 Hz (R = 0.77, p = 0.003). This pattern was 
characterized by desynchronization in the supplementary mo-
tor area (SMA) and the primary motor cortex, accompanied 
by simultaneous synchronization in prefrontal regions. Finally, 
low-frequency synchronisation in the postero-mesial cerebel-
lar cortex, along with the overall cerebro-cerebellar pattern of 
changes, appeared to be relevant for DBS outcomes as well.

Our findings underscore the importance of low-frequency 
oscillations in dystonia not only within the basal ganglia but 
across the entire sensorimotor–cerebellar network and re-
emphasize dystonia as a network disorder. Within the network 
we identified, DBS may suppress pathologically enhanced 
low-frequency activity in the SMA/motor cortex and might in-
duce compensatory activation via enhanced cerebellar low-
frequency activity. In the long term, these insights may help 
automate the achievement of optimal DBS outcomes and in-
spire approaches for non-invasive stimulation paradigms.�
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