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ABSTRACT 

 

Objective: To investigate the cerebellar inhibitory influence on the primary motor cortex in 

patients with focal dystonia using a cerebellar continuous theta-burst stimulation protocol 

(cTBS) and to evaluate any relationship with movement abnormalities.  

Methods: Thirteen patients with focal hand dystonia, 13 patients with cervical dystonia 

and 13 healthy subjects underwent two sessions: (i) cTBS over the cerebellar hemisphere 

(real cTBS) and (ii) cTBS over the neck muscles (sham cTBS). The effects of cerebellar 

cTBS were quantified as excitability changes in the contralateral primary motor cortex, as 

as well as possible changes in arm and neck movements in patients.  

Results: Real cerebellar cTBS reduced excitability in the contralateral primary motor 

cortex in healthy subjects and in patients with cervical dystonia, though not in patients with 

focal hand dystonia. There was no correlation between changes in primary motor cortex 

excitability and arm and neck movement kinematics in patients. There were no changes in 

clinical scores or in kinematic measures, after either real or sham cerebellar cTBS in 

patients. 

Conclusions: The reduced cerebellar inhibitory modulation of primary motor cortex 

excitability in focal dystonia may be related to the body areas affected by dystonia as 

opposed to being a widespread pathophysiological abnormality.    

Significance: The present study yields information on the differential role played by the 

cerebellum in the pathophysiology of different focal dystonias. 
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Abbreviations: active motor threshold (AMT); analysis of variance (ANOVA); cervical 

dystonia (CD); continuous theta-burst stimulation (cTBS); electromyographic (EMG); first 

dorsal interosseous (FDI); focal hand dystonia (FHD); index of curvature (IC); input-output 

(I/O); maximal stimulator output (MSO), motor-evoked potential (MEP), primary motor 

cortex (M1), resting motor threshold (RMT).  
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Highlights 

 Cerebellar cTBS reduced the M1 excitability in cervical dystonia, but not in focal hand 

dystonia 

 Cerebellar cTBS had no effect on movement kinematics in either cervical or focal hand 

dystonia 

 The data indicate that the influence of the cerebellum is not identical in all types of dystonia. 
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1.INTRODUCTION 

 

Adult-onset focal dystonia is clinically characterized by involuntary muscle contractions 

and abnormal postures that can affect different body regions, including the upper limb and 

neck (Defazio et al. 2007; Albanese et al., 2013; Jinnah et al. 2013).The pathophysiology 

of focal dystonia is still not entirely clear. Although dystonia is considered a basal ganglia 

disorder (Bhatia and Marsden 1994; DeLong and Wichmann 2007), recent studies indicate 

that the cerebellum may also be involved in this condition (Sadnicka et al. 2012; Prudente 

et al. 2014; Malone et al. 2014). 

The results of animal studies show that abnormal cerebellar signalling may produce 

dystonia-like movements (Pizoli et al. 2002). Neuropathological examinations in post-

mortem brain tissue of patients with cervical dystonia (CD) reveal Purkinje cell 

degeneration, areas of focal gliosis and torpedo bodies (Prudente et al., 2013). Clinical 

observations also indicate that focal dystonia may be associated with structural lesions of 

the cerebellum and its afferent pathways (LeDoux and Brady 2003; Batla et al., 2015). 

Moreover, neuroimaging studies using various techniques have provided evidence of 

cerebellar gray matter changes and altered cerebello-thalamo-cortical pathways in patients 

with focal hand dystonia (FHD) or CD (Draganski et al., 2003; Delmaire et al., 2007). 

Functional neuroimaging investigations have also demonstrated abnormal resting state 

cerebello-thalamo-cortical connectivity in FHD patients (Dresel et al. 2014; Bharath et al. 

2015) 

Neurophysiological studies have also provided evidence of several cerebellar 

abnormalities in focal dystonia (Sadnicka et al., 2012). Eyeblink classical conditioning, a 

form of associative learning mediated by cerebellar circuits, is abnormally reduced in focal 

dystonia (Teo et al. 2009; Hoffland et al., 2013). Studies based on repetitive transcranial 

magnetic stimulation (TMS) techniques have shown that cerebellar stimulation in patients 
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with FHD does not influence primary motor cortex (M1) excitability (Brighina et al., 2009; 

Hubsch et al., 2013). 

Recent findings have raised a number of issues regarding the pathophysiological 

role of the cerebellum in focal dystonia that deserve further investigation. Functional 

abnormalities of the cerebellar influence on M1, as tested by repetitive TMS techniques, 

have been reported in FHD, whereas no data are available for CD. It is therefore unknown 

whether the abnormalities of the cerebellar inhibitory modulation of M1 are a common 

feature of the various forms of focal dystonia. In addition, no study has yet specifically 

addressed a possible relationship between abnormalities of the cerebellar inhibitory 

modulation of M1 and movement abnormalities in patients with focal dystonia. This 

information might provide further insight on the of the cerebellum pathophysiological role in 

focal dystonia. 

In the present study, we first investigated the effects of cerebellar cTBS in patients 

with FHD and CD, as indexed by M1 excitability changes in the contralateral hemisphere. 

We then explored the relationships between individual M1 excitability changes following 

cerebellar cTBS with arm and neck movement as evaluated by a clinical assessment and 

kinematic analysis. Data from FHD and CD patients were compared with those observed 

in healthy controls. 

 

2.METHODS 

 

2.1.Participants 

Thirteen patients with FHD (2 women; mean age±1 standard deviation: 48.5±15.0) and 13 

patients with CD (8 women; mean age±1 standard deviation: 46.7±14.5) were enrolled in 

the study (Table 1). A control group of thirteen healthy subjects (HS) (6 women; mean 

age±1 standard deviation: 49.9±11.3; Table1) was also included in the study. The 
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diagnosis of FHD and CD was based on clinical criteria (Albanese et al. 2013). The clinical 

assessment included the Wissel scale for FHD patients (Wissel et al., 2013) and the 

Toronto Western Spasmodic Torticollis Rating Scale-TWSTRS for CD patients (Comella et 

al. 1997). All the patients were right-handed and all patients with FHD had right arm 

dystonia. None of the patients exhibited upper limb tremor or neck pain that might interfere 

with the kinematic recordings. All the patients were studied three months after their last 

botulinum toxin injection and none of them were taking other medications active at the 

central nervous system level at the time of the experiments. The experimental procedures 

were approved by the local institutional review board and all the subjects gave their written 

informed consent to participation in the study. The experiments adhered to Declaration of 

Helsinki regulations.   

 

2.2.TMS and electromyographic techniques 

TMS was delivered through two Magstim magnetic stimulators (Magstim Company, 

Withland, UK) connected with a figure-eight coil placed tangentially to the scalp with the 

handle pointing towards the back and approximately 45° away from the midline.  

We assessed M1 excitability using single pulse TMS. For this purpose we first 

measured the resting motor threshold (RMT), i.e., the intensity of M1 stimulation able to 

elicit motor-evoked potential (MEP) of ~50µV peak-to-peak amplitude in the resting first 

dorsal interosseous (FDI) muscle, as shown by surface electromyography (EMG). After the 

RMT assessment we collected the MEP input-output (I/O) curve using stimulation 

intensities of 100%, 110%, 120%, 130%, 140% and 150% of the RMT in 5 steps in random 

order. Traces with background EMG activity ≥50µV were rejected online (less than 1% of 

trials).  

We delivered cerebellar cTBS (ipsilateral to the affected side of the body in FHD 

patients) at intensities of 80% of the active motor threshold (AMT), i.e., the intensity of M1 



8 
 

stimulation able to elicit motor-evoked potential (MEP) of ~200µV peak-to-peak amplitude 

in the tonically active FDI muscle, using a biphasic magnetic stimulator. The cTBS protocol 

consists of high frequency (50Hz) burst of three stimuli, repeated at 5Hz for an overall 

duration of 40 sec. Cerebellar real cTBS was delivered with the coil positioned over the 

cerebellar hemisphere, i.e., 3 cm laterally to and 1 cm below the inion, while cerebellar 

sham cTBS consisted of the stimulation of neck muscles. Sham cTBS does not stimulate 

the cerebellum but does induce slight twitches in the neck muscle contraction similar to 

those induced by real cTBS (Koch et al., 2008; Hoffland et al., 2012 and 2013; Li Voti et 

al., 2014; Schirinzi et al., 2016).  

Surface EMG was recorded from the FDI muscle ipsilateral to cerebellar cTBS 

using silver chloride electrode. EMG signals were amplified and band-pass filtered (20Hz-

1kHz) using Digitimer D 360 (Digitimer, UK). EMG recordings were sampled at 5kHz and 

stored on a PC using an analog-digital converter (AD 1401 plus Cambridge Electronic 

Design, UK). Off-line analysis was then performed using dedicated software (Signal® 

version 4.00, Cambridge Electronic Design, UK).  

 

2.3.Kinematic recordings and analysis of arm and neck movements 

During the experiments, FHD, CD patients and HS were seated in a chair with their limbs 

resting on a table. The arm and neck movements were assessed using a dedicated 

optoelectronic device (SMART, BTS, Milan, ltaly) consisting of three infrared cameras (120 

Hz sampling rate) following the displacement in the tri-dimensional space of reflective 

markers taped on the upper arm and on the head. To record arm movements a reflective 

marker was placed on the wrist (Bologna et al. 2015). To record head movements two 

reflective markers were placed over the frontal orbital processes (bilaterally) and one over 

the nasion (Gregori et al. 2008). Three additional reflective markers were placed on the 

trunk to define a reference plane which allowed automatic exclusion of possible 
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contamination due to trunk movements from the upper arm and head movement 

recordings. The kinematic analysis of the upper arm and head movements was performed 

using dedicated software (SMART Analyzer, BTS, Milan, ltaly) that runs an automatic 

algorithm to assess kinematic measures.  

Subjects were instructed to reach and grasp with their index finger and thumb a 

2cm diameter, 15 cm long cylinder, firmly attached to the table at a distance of two thirds 

of their own arm’s length. The movement duration was defined as the time elapsing 

between the times at which the arm velocity exceeded and remained above, or fell and 

remained below, 5% of the velocity peak. We measured movement duration, velocity peak 

and acceleration peak. We also measured the trajectory straightness, as determined by 

the index of curvature, calculated as the percentage ratio between the arm average path 

length during reaching movements and the length of a straight line joining the initial and 

final positions, the smoothness of the arm velocity curves was determined as the 

movement units, i.e. a local velocity peak preceded and followed respectively by 

increasing and decreasing values for at least 20 ms), and target overshooting (Bologna et 

al. 2015).  

For head movement recordings, the participants were asked to perform fast head 

rotations and to move ‘‘as fast and widely as possible’’ (Gregori et al. 2008; Shaikh et al. 

2015) As the CD patients were most commonly affected by torticollis, other movements 

such as flexion and extension movements were not analysed. The angular amplitude and 

peak angular velocity of rotational head movement were analysed. For the FHD patients 

and HS we analysed the data of fast neck movements toward the right side. In CD patients 

we analysed ‘‘pro-dystonic’’ movements (toward the side of the dystonic head movements) 

(Gregori et al. 2008; Shaikh et al. 2015).  

 

2.4.Experimental design 
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FHD and CD patients and HS underwent two experimental sessions (real and sham 

cerebellar cTBS). The two sessions were randomly performed at least 1 week apart. The 

MEP I/O curve and the kinematic recordings of arm and neck movements were collected 

in each session before cerebellar cTBS (baseline) and 5min (Post 1) and 45min (Post 2) 

after. Ten MEPs were collected at intensities of 100%, 110%, 120%, 130%, 140% and 

150% of the RMT in the three measurement time point; for each subject a total of 150 MEP 

were collected (the MEP testing lasted approximately 5-7 min in each measurement time 

point). For each participant, two trials of 5 reaching arm movements were recorded in each 

measurement time point (30 movements overall). Similarly, two trials of five consecutive 

head movements were recorded in each measurement (30 movements overall). In each 

session and measurement time point the I/O curves were performed before the kinematic 

recordings. During the kinematic recordings the arm and head movements were alternated 

during the same session. 

 

2.5.Statistics  

Age differences between FHD and CD patients and HS were assessed using Kruskar-

Wallis analysis of variance (ANOVA). Differences in gender ratio between the three groups 

were evaluated using the Χ2 test. The MEP I/O curve and kinematic data were analysed by 

repeated measures ANOVAs using the factors GROUP (FHD, CD and HS), SESSION 

(real and sham stimulation), TIME  (baseline, Post 1 and Post 2) and STIMULATION 

INTENSITIES (100%, 110%, 120%, 130%, 140% and 150% of the RMT). The clinical 

scores of FHD and CD severity were assessed using separate Friedman’s ANOVAs, with 

factors TIME (baseline, Post1 and Post2). Post hoc analysis was performed using Tukey 

honest test. Pearson’s correlation was used to investigate possible relationship between 

individual M1 excitability changes (i.e., the average MEP amplitude at Post 1/baseline) and 

individual percentage changes in arm and head movement kinematics (Post 1/baseline 
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measurements) after the real cerebellar cTBS. Results are reported as mean values ± 1 

standard error of the mean (SEM) with the statistical significance threshold set at P<0.05   

 

3.RESULTS 

 

No difference in age was observed between FHD patients, CD patients and HS. Their 

RMT and AMT values were also similar between FHD patients, CD patients and HS in the 

two experimental sessions (Supplementary Table 1). No adverse effects were observed 

during the experimental procedures. 

 

3.1. M1 excitability measurements 

 

As expected, the factor STIMULATION INTENSITY was significant (F5,180=107.18, 

P<0.001), thereby indicating increasing MEP amplitudes with higher stimulation intensities. 

No significant interactions were observed for GROUP x STIMULATION INTENSITY 

(F10,180=0.62, P=0.79) and GROUP x STIMULATION INTENSITY x SESSION 

(F10,180=0.66, P=0.75), demonstrating  a similar I/O curve of the MEP, i.e. similar baseline 

M1 excitability, in all three groups of participants (Figure 1). 

Repeated measure ANOVA also revealed a significant effect for the main factor 

TIME (F2, 72=3.45, P=0.04) and for the interactions SESSION x TIME (F2,72=7.08, P=0.002) 

and SESSION x TIME x STIMULATION INTENSITY (F10, 360=2.99, P=0.001). Most 

importantly, however, repeated-measures ANOVA showed a significant effect for the 

interactions GROUP x SESSION x TIME x STIMULATION INTENSITY (F20, 360=1.61, 

P=0.04) which indicates differences in the effect of real and sham cerebellar cTBS on the 

MEP I/O curve in FHD patients, CD patients and HS. The post hoc analysis showed that 

real cerebellar cTBS reduced the excitability of the contralateral M1 in CD and in HS, but 



12 
 

not in FHD. Lower MEP amplitude values were observed 5 min after cTBS while no MEP 

amplitude changes were detected after sham cerebellar cTBS in any of the three groups of 

participants (all, P<0.05). Lastly, no significant effects were observed for the main factors 

GROUP (F2,36=0.67, P=0.52), SESSION (F1,36=3.67, P=0.06) and for the interactions 

GROUP x SESSION (F2,36=1.48, P=0.24), GROUP x TIME (F4,52=0.58, P=0.72), GROUP x 

SESSION x TIME  (F4,72=1.77, P=0.14), SESSION x STIMULATION INTENSITY 

(F5,180=1.99, P=0.08), TIME x STIMULATION INTENSITY  (F10,360=1.68, P=0.08) and 

GROUP x TIME x STIMULATION INTENSITY (F20,360=0.85, P=0.65). Further analysis 

performed on separate groups are provided in supplementary results. 

 

3.2.Clinical scores and arm and neck movement kinematics 

 

Friedman’s ANOVA showed that cerebellar cTBS did not significantly modify the clinical 

scores, i.e. the Wissel scale – writing movement score in FHD (real cerebellar cTBS: 

Χ2
13,2=0.54, P=0.97; sham cerebellar cTBS: Χ2

13,2=2.17, P=0.33, Figure 2), or the 

TWSTRS – maximal excursion score in CD (real cerebellar cTBS: Χ2
13,2=4.06, P=0.13; 

sham cerebellar cTBS: Χ2
13,2=2.07, P=0.35, Figure 2).  

The kinematic variables of reaching movements are shown in Table 2. There was 

no significant effect of GROUP, SESSION and TIME POINT or any significant interaction 

for the kinematic parameters considered, as assessed by repeated measures ANOVA (all 

P>0.05). The analysis suggests that duration, velocity peak, acceleration peak, 

straightness, smoothness and overshooting of reaching movements did not differ between 

FHD, CD patients and HS and no significant changes of the reaching movement 

kinematics in the three groups after real or sham cerebellar cTBS (Supplementary Table 

2). 
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The kinematic variables of neck movements are shown in Table 3. The analysis 

showed a significant effect for the main factor GROUP for both the angular amplitude 

(F2,36=4.59, P=0.02) and peak angular velocity (F2,36=8.66, P=0.001), post hoc analysis 

showed that the angular amplitude and peak angular velocity of fast neck movements 

were lower in CD patients than in FHD patients and HS (all P<=0.05), whereas no 

differences emerged between patients with FHD and HS. Finally, the analysis showed no 

significant effect of SESSION and TIME POINT or any significant interaction for the 

kinematic variables considered (all P>0.05), thus indicating neither real nor sham 

cerebellar cTBS significantly changed the kinematic variables of fast neck movements in 

FHD, CD patients or HS (Supplementary Table 3). 

 

3.3.Correlations 

 

There was no relationship between individual M1 excitability changes and arm or neck 

movements kinematics in patients (all Ps>0.05).  

 

4.DISCUSSION 

 

In the present study, we found that real cerebellar cTBS reduced M1 excitability in HS. Our 

results are consistent with previous observations showing that it is possible to modulate 

the motor cortex from the cerebellum using cerebellar cTBS (Koch et al., 2008; Li Voti et 

al., 2014; Schirinzi et al., 2016). The novel finding of this study is that cerebellar cTBS 

reduced the M1 excitability in patients with CD though not in those with FHD. There was 

no relationship between individual inhibitory effects evoked by cerebellar cTBS on M1 

excitability clinical scores and arm and neck movements kinematics, in patients. Lastly, 
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there was no significant change in arm and neck movement as evaluated by a clinical 

assessment and kinematic analysis following cerebellar cTBS in patients. 

In keeping with the results of previous studies, no differences were observed in the 

resting motor threshold at baseline between FHD and CD patients and HS (Kojovic et al. 

2013; Hubsch et al., 2013). As the I/O curves of the MEP did not differ between FHD and 

CD patients and HS, we ruled out the possibility that the differential effects of cerebellar 

cTBS over M1 in the three groups of participants reflect differences in baseline M1 

excitability. In this regard, Ikoma et al. (1996) observed that M1 excitability is increased in 

dystonia, whereas according to more recent observations M1 excitability at rest is normal 

in FHD patients (Tinazzi et al., 2005)  and in primary dystonia with arm involvement 

(Kojovic et al. 2013). These contrasting results concerning M1 excitability in FHD are likely 

to reflect differences in the methodology used and in the clinical features of the patients 

enrolled in the studies cited (Tinazzi et al. 2009). Since FHD and CD patients were studied 

at least three months after their last botulinum toxin injection, we believe that the effects of 

cerebellar cTBS on M1 excitability are unlikely to have been confounded by the effects of 

botulinum toxin (Abruzzese and Berardelli, 2006). Changes in corticomotor excitability 

have been described after voluntary muscle contraction, including exhaustive exercise with 

muscle fatigue and non-exhaustive contraction (Teo et al., 2012). Thus, it could be 

possible that changes in I/O curves are due to movement itself and not to cerebellar 

stimulation. However, since we did not observe any M1 excitability change during the 

sham session in all three groups of subjects enrolled in this study, we exclude this 

possibility. Finally the number of arm and neck movements performed were limited, also 

making unlikely that movement itself may have influenced the M1 excitability. 

To the best of our knowledge, this is the first study that has compared the influence 

of the cerebellar cTBS on M1 excitability in CD and FHD patients. The observation that 

cerebellar cTBS inhibited M1 excitability in CD though not in FHD patients, indicates that 
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the influence of the cerebellum on M1 in the various forms of focal dystonia may vary. The 

lack of M1 inhibition following cerebellar cTBS in FHD patients, though not in CD patients, 

indicates that cerebellar modulation of M1 excitability, as tested by cTBS, is reduced in 

FHD. Our findings are in agreement with those of previous studies that were based on 

different TMS techniques, i.e., cerebellar-brain inhibition (Brighina et al., 2009) and 

cerebellar cTBS (Hubsch et al., 2013). The lack of cerebellar inhibitory modulation of M1 in 

FHD and the hypothesis of a pathophysiological role of cerebellum in FHD is also in line 

with recent evidence showing a significant reduction in resting state functional connectivity 

in patients, compared with HS, involving the cerebellum, thalamus, basal ganglia and 

frontal areas (Bharath et al., 2015) or the therapeutic benefit of cerebellar transcranial 

direct current stimulation in patients with FHD (Bradnam et al. 2015). The mechanism of 

action of cerebellar repetitive TMS, including cTBS, is still matter of debate. Studies using 

1 Hz rTMS applied over the cerebellum led to an increase of MEP amplitude (Oliveri et al. 

2005; Fierro et al. 2007, Popa et al. 2010), thus suggesting a decrease of the Purkinje 

output to dentate nucleus and as a consequence disinhibition of the dentate-cortical drive. 

Harrington and Hammond (2015), however, have recently demonstrated that cTBS 

(delivered at low intensity, i.e., 80% of AMT) decreased the N100 waveform of the TMS-

evoked potential, an indirect measure of cortical inhibition, and the resting MEP amplitude 

in the contralateral M1. These authors thus concluded that the effects of cTBS are likely 

exerted by inhibition of the superficial layer of the cerebellum (which has an inhibitory role 

on Purkinje cell activity). As a consequence cerebellar cTBS facilitates the Purkinje cells 

(inhibitory) activity and decreases the resting MEP amplitude in the contralateral M1 

through the dentate-thalamo-cortical pathway. The results of the various studies, therefore, 

suggest that cerebellar 1 Hz rTMS and cTBS target different neuronal populations (the 

Purkinje cells vs cells of the superficial layer of the cerebellar cortex). The lack of any 

inhibitory cerebellar effect on the contralateral M1, as tested by cerebellar cTBS, in FHD 
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patients may contribute to the loss of M1 inhibition, altered M1 plasticity and the 

development of incorrect motor programs and maladaptive behaviours (Hubsch et al., 

2013). Alternatively, as FHD patients are asymptomatic at rest, reduced cerebellar 

inhibitory modulation of M1 might reflect compensatory changes in this disorder (Dresel et 

al. 2014). 

The second aim of the study was to assess whether individual changes in M1 

excitability, following cerebellar cTBS, correlate with the disease severity, as evaluated by 

clinical scores, or movement abnormalities, as assessed  by kinematic techniques. The 

results indicate no relationship between individual M1 excitability changes after cerebellar 

cTBS and the patients’ clinical rating scale scores. The results of the present study also 

indicate that reaching movement kinematics, i.e., duration, velocity and acceleration, are 

normal in FHD and CD patients. Moreover, we found no significant group difference in 

terms of the quality of the movement, i.e., straightness, smoothness and overshooting. Our 

kinematic results are in contrast to those of previous studies showing the slowness of 

movement in patients with dystonia (Agostino et al. 1992; Curra et al. 2000, Prodoehl et al. 

2008). Differences in results, however, may reflect the different movements analysed or 

the clinical heterogeneity of patients enrolled in the various studies. There is also evidence 

showing that reaching movements are impaired in patients with idiopathic dystonia of the 

upper limb (Inzelberg et al. 1995) as well as to those of more recent investigations in 

patients with CD (Pelosin et al 2009). However, in their study, Inzelberg et al. (1995) 

investigated patients with dystonia involving other body segments besides the upper limbs, 

whereas in our study we only enrolled patients with an isolated FHD.  The abnormal 

findings reported by Pelosin et al., (2009) might have depended on the clinical 

heterogeneity (i.e. subtle involvement of shoulder region or associated features like tremor 

of the upper limbs or neck pain which often occur in CD and can possibly impair reaching 

arm movements) or methodological differences. Finally, Katschnig-Winter et al. (2014) 
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found that motor performance of upper limbs in patients with CD was similar to HC, apart 

from a significantly higher peak velocities in patients. Thus further studies should address 

the issue whether that the integration of proprioceptive input, which is involved in the 

internal models of limb dynamics, is altered in focal dystonia. Our results indicate that FHD 

may only involve a specific motor program, such as writing, whereas other motor tasks 

may well not be affected. 

Taken as a whole, the results of the present study indicate that cerebellar 

dysfunction patterns vary in the different forms of primary focal dystonia and that the 

abnormally reduced cerebellar inhibitory outflow observed in FHD patients is not a 

characteristic feature of CD. This hypothesis is supported by a number of recent studies 

based on various neurophysiological techniques, in which the cerebellum was found not to 

be affected in CD. For example, it has been recently reported that CD patients did not 

differ from HS in the adaptation of the walking parameter, including speed, step width, step 

length symmetry and swing/stance ratio (Hoffland et al., 2015). Using a visuomotor task, 

Sadnika et al. (2014) tested the hypothesis that possible cerebellar abnormalities in CD 

patients would translate into motor adaptation deficits. However, not only were adaptation 

rates (learning) in CD patients found to be similar to those of HS, but  the ability to adapt 

had no relationship with the clinical features of CD. The only reports of a possible 

involvement of the cerebellum in CD patients is based on evidence indicating that the 

EBCC paradigm is abnormally reduced (Teo et al. 2009; Hoffland et al., 2013). We 

therefore conclude that reduced cerebellar inhibitory modulation over M1 is likely to be 

related to the body areas affected by dystonia as opposed to being a widespread 

pathophysiological abnormality of the disease. An alternative interpretation is that CD and 

FHD may differ in terms of pathophysiological mechanisms with the inhibitory pathways 

between the cerebellum and M1 being involved in FHD but not in CD. Recently, Koch et al. 

(2014) demonstrated that 2 weeks of cerebellar cTBS induced a mild clinical improvement 
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and a normalization of physiological abnormalities of M1 (including altered plasticity) in 

CD. The results of the present study, and those of Koch et al. (2014) thus suggest that the 

therapeutic effects of cerebellar cTBS may possibly depend on a normalization of 

abnormal M1 mechanisms rather than of normalization of abnormal cerebellar activity per 

se. Finally, the lack of any correlation between individual M1 excitability changes and 

clinical scores of dystonia severity is line with the hypothesis that dystonia is a network 

disorder that affects multiple brain regions (Prudente et al., 2014). 

The present study has certain limitations. We found a significant inhibitory effect of 

cerebellar cTBS on M1 excitability at 5-10 minutes after stimulation but it should be 

acknowledged that synaptic plasticity in the cerebello-thalamo-cortical circuit may require a 

longer time to allow biological changes as shown by experimental recordings in vitro 

(Aumann et al., 2000) and neurophysiological studies in humans (Schirinzi et al., 2016). 

Since we only assessed CD and FHD patients we cannot easily generalize our findings to 

patients with other forms of focal dystonia. Additionally, we did not examine M1  excitability 

of the hand muscles after stimulation of the cerebellar hemisphere corresponding to the 

unaffected body segment in FHD patients. Moreover, since we did not test M1 excitability 

of neck muscles after cerebellar stimulation in CD patients, we did not further investigate 

the possibility that cerebellar influence on M1 connectivity is abnormal in CD patients 

exclusively in circuits that control the neck muscles thus strengthening the hypothesis that 

the cerebellar inhibitory modulation of M1 excitability in focal dystonia may be related to 

the body areas affected by dystonia. However, techniques for evaluating M1 excitability in 

the cortical representation of the neck muscles are still technically challenging since the 

M1 projection to both the ipsilateral and contralateral sternocleidomastoid muscles arises 

from an area of cortex on the cerebral convexity close to the trunk representation 

(Berardelli et al. 1991; Thompson et al. 1997).  
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5.CONCLUSIONS 

The present study yields information on the possible role played by the cerebellum in the 

pathophysiological mechanisms underlying dystonia. Unlike M1 plasticity mechanism 

abnormalities, which are present throughout the cortical sensorimotor areas (Quartarone 

et al. 2009), the abnormal cerebellar influence is only found in cortical areas that control 

the hand muscles. The reasons for these differences are as yet unknown. One possibility 

is that cerebellar changes only occur in the motor circuits corresponding to the affected 

body segments. Alternatively, the cerebellum may be involved in the pathophysiology of 

FHD though not in that of CD. Indeed, although the cerebellum is known to regulate the 

movements of various body segments, the cerebellar representation of the hand muscles 

prevails over that of the axial muscles, including the neck muscles (Mottolese et al. 2013). 

If true, the cerebellum may consequently be considered an important node in the network 

that is responsible for FHD but not for CD. 
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7.FIGURE LEGENDS 

 

Figure 1. MEP input-output curve in FHD and CD patients and HS in the real and 

sham cerebellar cTBS sessions. Y axis indicates MEP amplitudes (mV); X axis indicates 

the stimulation intensities (from100% to 150% resting motor threshold – RMT) in the two 

experimental sessions (real cerebellar cTBS– upper panels; sham cerebellar cTBS –lower 

panels) in patients with focal hand dystonia - FHD (right panels), in patients with cervical 

dystonia – CD (central panels) and in healthy subjects (HS) (right panels) at baseline 

(before cTBS), circular black symbols (continuous lines), at Post 1 (5 min after cTBS), 

circular white symbols (dashed lines), and at Post 2 (45 min after cTBS), triangular black 

symbols (dotted lines). 

 

Figure 2. Clinical scales in FHD and CD patients in the real and sham cerebellar 

cTBS sessions. Clinical rating of FHD patients (left panel) and CD patients (right panel) 

during the three measurement time points (baseline, Post1 - 5min after cTBS and Post 2 - 

45min after cTBS). Black histograms indicate he real cerebellar cTBS session. Grey 

histograms indicate the sham cerebellar cTBS session. 

 
 


