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Methods
Patients

Research in context

Evidence before this study

Previous neurophysiological and imaging studies have

suggested that pallidal deep brain stimulation (DBS)

suppresses pathologically enhanced low-frequency

oscillations and modulates sensorimotor and cerebellar

networks in dystonia. However, electrophysiological and

anatomical findings have rarely been linked, and it remained

unclear whether oscillatory changes occur within the same

networks identified in neuroimaging studies.

Added value of this study

By acquiring magnetoencephalography recordings in patients

with cervical dystonia during DBS on and off conditions, we

identified a distinct cortical and cerebellar low-frequency

signature that was closely associated with clinical outcomes.

Our study integrates anatomical and electrophysiological

domains and provides novel evidence for a whole-cortex

response pattern that explains significant variance in

stimulation outcomes.

Implications of all the available evidence

These findings emphasise dystonia as a network disorder and

highlight low-frequency modulation across motor and

cerebellar regions as a key mechanism of pallidal DBS. Low-

frequency suppression in the supplementary motor and

motor cortices, along with synchronisation in frontal and

cerebellar areas, may serve as clinically relevant biomarkers

and inform DBS programming, targeting strategies, and non-

invasive stimulation approaches.
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Patient Type Syndrome Side Dis dur DBS dur AIMS-item 7 Pre DBS DBS OFF DBS bipo DBS mono % bipo change % mono change

1 CD torti-, latero-, antecollis right 24 186 0 25 17 13 4 23.53 84

2 CD torticollis, head tremor left 24 154 0 14 8 9 11 −12.50 21.43

3 SD torticollis, left upper extremity left 18 181 1 24 14 4 7 71.43 70.83

4 CD torticollis, head tremor right 10 9 2 14 12 8 10 33.33 28.57

5 CD torti-, latero-, antecollis right 23 167 0 18 10 5 7 50.00 61.11

6 CD torticollis, laterocollis right 4 14 0 19 17 18 15 −5.88 21.05

7 SD torticollis, right shoulder girdle right 21 91 3 15 18 13 12 27.78 20

8 SD torticollis, left upper extremity left 16 154 2 9 8 9 9 −12.50 0

9 CD torticollis, laterocollis left 25 195 0 22 13 7 15 46.15 31.82

10 SD torticollis, left upper extremity left 30 133 0 20 19 11 10 42.11 50

11 CD torticollis, antecollis right 21 9 4 25 21 20 16 4.76 36

12 CD torticollis, oro-mandibular left 9 41 1 20 25 3 4 88.00 80

13 CD torticollis, laterocollis left 14 11 1 17 14 11 13 21.43 23.53

14 CD torticollis, head tremor left 18 13 3 16 13 9 10 30.77 37.5

15 CD torticollis left 6 16 2 7 12 11 6 8.33 14.29

Mean 9 left 18 91 1.25 18 15 10 10 27.78 37.51

Std 5 right 8 75 1.29 5 5 5 4 29.22 26.16

CD = cervical dystonia, SD = segmental dystonia, dis dur = disease duration, DBS dur = DBS duration.

Clinical characteristics.
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Ethics

Data acquisition

Data analysis

Articles

4 www.thelancet.com Vol 124 February, 2026



Δ

Δ

Statistics

Methods. (A) Cortical source time series were reconstructed and localised on to a template brain. Power spectra were computed for

each individual vertex resulting in a power map for each of the two frequency bands studied in each stimulation condition. The power maps

for the DBS OFF recording were subtracted from the DBS ON recording to generate Δ-maps for each patient in the low-frequency and beta

band. In the Δ-map, positive values represent a synchronisation (red), and negative areas represent a DBS-induced suppression. (B) In each

vertex of the Δ-maps, we correlated the power change with the percentage improvement in the TWSTRS motor scale across all patients. This

results in a correlation map (R-map) in which each vertex represents the correlation coefficient of DBS improvements and changes in power in

this particular vertex across the cohort. This map represents an optimal pattern of change associated with a beneficial stimulation setting.

Thus, the spatial similarity of an individual map with the R-map is an estimate of the DBS effect. To validate the R-map, it is generated

leaving out one patient and spatially correlating the R-map with this individual pattern to estimate this patient’s improvement. The cor-

relation of the resulting spatial similarity with the actual (empirical) clinical improvements is then assessed to test how robust the model is.
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Role of funders

Results
Low frequency power suppression correlates with
DBS outcome
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Stimulation induced cortical changes relate to DBS outcome. (A) T-maps of the power changes in low-frequency and beta band

with red colours indicating a synchronisation and blue colours indicating a suppression in power induced by DBS. Darker colours mark vertices

with uncorrected P-values <0.05 that served for visualisation and to identify regions of interest. The circled areas were identified as regions of

interest based on the largest number of connected vertices with the highest t-values. (B) Mean low frequency power suppression in the SMA

and beta power synchronisation in the cingulate cortex were correlated with TWSTRS improvements and the change of UPDRS bradykinesia

items respectively. Grey shaded areas represent the 95% confidence interval. P-values were Bonferroni-corrected for multiple comparisons

across regions of interest and scores.

Stimulation effects and electrode placement. (A) Electrode localisation for both, the patient cohort from Berlin (n = 12, blue) and the

cohort from Düsseldorf (n = 3, green). Electrodes were placed in the posterolateral GPi. (B) Comparison of mean TWSTRS scores between the

bipolar, and off stimulation conditions. (C) Comparison of bradykinesia items of the UPDRS without (OFF) and with bipolar DBS.
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Whole-cortex signature explains variance in DBS
outcomes

DBS-induced cerebellar and cerebral changes

Optimal electrophysiological response map (R-map). Low-frequency changes and TWSTRS improvement negatively correlate in

motor areas and positively in prefrontal areas. Spatial similarity of individual patient maps to the R-map correlates with the percentage

improvement in TWSTRS motor scores (correlation plot depicts 4-fold-cross-validation results). The grey shaded area represents the 95%

confidence interval. Δ-maps of a top responder (#12) and poor responder (#11) are shown next to the correlation plot.
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Optimal electrophysiological response maps including the cerebellum. Correlation map (R-map) with negative correlations of low-

frequency changes in motor areas and positive correlations in prefrontal areas and the cerebellum. Similarities to the R-map correlate with the

percentage improvement in TWSTRS motor scores for a cortical and a volumetric source model (correlation plots depict results from 2-fold-

cross-validations). The grey-shaded areas represent the 95% confidence intervals. Δ-maps of a top responder (#12) and poor responder (#11)

are shown next to the correlation plots.
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Discussion
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