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1. Introduction

1.1. Abstract:

What is the function of the basal ganglia in hurbahaviour? It is known that alterations of
basal ganglia function can lead to motor symptakesbradykinesia, tremor or dystonia. Yet,
direct physiological data from human basal gangielimited.

Recent advances in functional neurosurgery usireg deain stimulation for the treatment of
severe movement disorders allow for direct recasliof local field potentials (LFP) from the
human basal ganglia. We used this approach in tugies to investigate basal ganglia
function and the role of oscillatory activities thg rest, sleep and motor tasks. Changes of
oscillatory activity in different frequency bandere analysed in relation to the recording
condition. We could demonstrate the presence efddzed movement-related increase in
high frequency (~60-80 Hz, gamma) activity in tlasdél ganglia of patients with dystonia and
a positive correlation of this gamma activity withovement speed and amplitude. Gamma
band activity was independent of movement direcion did not occur during passive
movements. The stepwise increase of gamma actiuitty movement amplitude and speed
suggests a role of neuronal synchronization in filgguency range in the basal ganglia in
order to control the scaling of ongoing movemehitsa second study we could show that
out of 24 patents with four different pathologiesita narrow band activity centred at ~70 Hz
in spectra of thalamic LFP recordings. This agfiviias modulated by movement and varied
over the sleep—wake cycle, being suppressed dalovgwave sleep and re-emergent during
rapid eye movement sleep, which physiologicallyrbesirong similarities with the waking
state. Furthermore, there was sharply tuned coberbetween thalamic and pallidal LFP
activity at 70 Hz in eight out of the 11 patiemiswhom globus pallidus and thalamus were
simultaneously implanted.

Our results support a functional role of gammavagtiin small and large scale (between
basal ganglia nuclei and thalamus binding), as ssipte way of communication between
brain areas. More specifically, in the motor systarhcortical oscillatory activity at ~70 Hz

may be involved in the control of the scaling ofoimg movements and arousal.



1.2. Background:

First oscillating potentials were recorded from ttwtex of animals by Richard Canton
(Canton, 1875) and by the physiologist Adolf BeoklB90. In the early 20th century Hans
Berger studied the electrical activity of the huntaain recorded from the surface of the head
and found two main rhythms in the signals. Thedaagplitude~10Hz rhythm named alpha
rhythm and the faster rhythm with a lower amplituddich was named beta. The finding,
that a non-periodic normal behaviour like opening alosing the eyes could lead to a change
of alpha rhythm power picked up in the occipitajiom of the skull and that epileptic seizures
could lead to an abnormality in the recorded wapesied the way for many subsequent
studies looking into the functional significance adcillatory brain activity (Berger, 1929).
Since then we have seen an immense accumulatiomogfledge about brain rhythms during
behaviour and disease. Technical advances likeighatinel electroencephalogram (EEG),
magnetoencephalogram (MEG), electrocorticogram (EQecordings in epileptic patients)
and recording local field potentials (LFP) provideasurements with a higher spatiotemporal
resolution and good signal-to-noise ratio. The ease of computational power, the
development of new analytic algorithms and compartal models has helped in better
understanding and conceptualizing the experimelatia. These new possibilities lead to a re-
emerging interest in systems neurophysiology aséagie specific neuronal patterns in the
last twenty years (overview in Uhlhaas and Sing2006). Especially neuronal
synchronisation in the gamma (>35Hz) frequency eahgs been found in different brain
regions and has been related to specific functiaugh as object binding in vision,
somatosensory processing, memory encoding and npoémaration. Coherent oscillations
may play a role in coordination and communicatietween neural populations (Singer and
Gray, 1995; Buzsaki, 2006; Wang, 2010), which ames@ered relevant for feature “binding”
through integration of neuronal activity at diffatéorain areas (so callddnding theory), as
described first in the visual system (Engel et1&891). Movement-related induced gamma
band activity can be recorded in the electrocogiam from the motor cortex of patients with
epilepsy contralateral to the side of the moven{@mone et al., 1998; Pfurtscheller et al.,
2003) and has been localized to the contralateratam motor cortex in healthy subjects
using magnetoencephalography (MEG) (Cheyne et28l08). Movement-related gamma
synchronisation has been found to carry informaabout movement direction in primate
studies (Pesaran et al., 2002; Rickert et al., ROMhile the functional role of

synchronization in cortical areas is increasinghpraciated, gamma band activity in the
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human basal ganglia (BG) has only recently beemdan patients undergoing deep brain
stimulation (DBS) for severe movement disorders.phtients with Parkinson’s disease,
increased 60 — 80 Hz activity has been considerekinetic (Brown, 2003) since it occurs in
the subthalamic nucleus (STN) and globus pallicisrinus (GPi) at rest after intake of
dopaminergic medication in parallel with improvermen motor symptoms (Brown et al.,
2001; Cassidy et al.,, 2002; Silberstein et al.,3¥08nd was associated with dyskinesia
(Fogelson et al., 2005).

1.3. Aim of the studies:
The aim of the studies was to characterize thdlasry neuronal activity of the basal ganglia

(BG) in patients with movement disorders to extend understanding of the functional role
of the motor basal ganglia circuits in humans dunmluntary movements. By studying

patients with DBS-electrodes implanted in differd®@ nuclei for various movement

disorders, we investigated whether local gamma lsyndhronisation is important for goal-

directed motor plan execution and evaluated gamoti@itg as a signature of movement

parametrization in the human BG. These findings$ dékpen our understanding of how task-
dependent motor control is communicated in the BG laow abnormal synchronisation may
lead to movement disorders.

The ultimate hope is that a better understanding@fphysiological basis of motor behaviour
will help to develop new treatment strategies fasvement disorders such as new DBS
targets or second-generation deep brain stimulatotls, for example, demand-control

stimulation to reduce side effects. Moreover, a em@nt signature recorded from the BG

may help to develop new strategies for brain-compiterfaces in the future.

1.4. Methods:

Local field potentials (LFP) were recorded froml#maus (Kempf et al. 2009) or the internal
part of the globus pallidus (GPi) (Bricke et al020Briicke et al. 2012) from patients
undergoing implantation of electrodes for treatmaith deep brain stimulation. Overall, 33
patients suffering from dystonia (31 primary dyséor2 secondary dystonia), and 24 patients
undergoing thalamic DBS for various disorders wiaiduded in the studies. 13 out of 24
patients with thalamic DBS showed gamma activiéiesest and were analysed further during
task specific trials (Kempf et al., 2009). Patietdek part with informed consent and the
permission of the local ethics committee of the i@@a- University Medicine Berlin, the

University Hospital Mannheim (Germany), the Oxfoi@adcliffe Infirmary (United
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Kingdom), Albert-Ludwigs-Universitat Freiburg (Geamy) and University “La Sapienza”,
Rome (Italy). The studies were performed in accocdawith the standards set by the
Declaration of Helsinki.

LFP recordings were made postoperatively beforergbrstimulation was commenced. LFPs
were recorded bipolarly from the four adjacent aotg of each DBS electrode (contact pairs
01, 12, 23). Signals were amplified (x50,000) aedorded onto a computer. Signals were
sampled at 625 Hz or 1 kHz and monitored online.GElttivity was recorded from upper
limb muscles during arm movements using Ag—AgCflaag electrodes, filtered at 10-250
Hz and amplified (x1000) and recorded as descriiee. EEG recordings were obviated by
surgical wound dressing in our patients.

Patients were recorded alert and at rest, durimgpsl during simple self-paced arm
movements (Kempf et al. 2009) and during the peréorce of a GO/noGO reaction time
paradigm (Brlcke et al. 2008). In this task patemere asked to press a button with the right
or left hand as fast as possible. A warning cuerméd the patients about the laterality
indicating the hand to be activated following ingtere GO cues. In 20% of trials noGO
imperative signal instructed the subjects to witbreny pre-prepared button press. In the last
study, patients performed a choice-reaction-timsk,tavhere they had to perform forearm
pronation-supination movements with differing amyale and speed (Brucke et al. 2012). In
all three studies time evolving power spectra oP&Rvere calculated using a discrete Fourier
transform and spectral power in different frequet@nds analysed in relation to motor
performance of patients using Spike2 and Matlabnso€. Statistical significance of effects
was tested using parametric tests (repeated-measiN®VA and Student's t-test) or non-
parametric tests (Friedman test and Wilcoxon sigae#f test) when values were not

normally distributed.

1.5. Results:

Results will be discussed separately for the thtedies:

1.) Kempf et al. 2009The main results of this study was the occurresiceharply tuned
gamma activity centred at ~70Hz (range 58—-90H=)piectra of thalamic local field potential
(LFP) recordings at rest in thirteen patients Viatlr different pathologies. An increase of this
gamma activity was found with startle reaction, idgirREM-sleep and movement. Sleep
recordings in two patients showed that continu@mma activity seen in the awake state was
absent during non-REM sleep. In REM sleep the gamctiaity re-emerged. The occurrence

of rapid eye movements during REM sleep was aswutiaith periods of increased activity
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at ~70 Hz. An additional finding was that fast #ralc oscillations were lost in untreated
parkinsonian patients, paralleling the behavioutha$ activity in the subthalamic nucleus
(Brown et al. 2003). Finally gamma synchronizatimcurred with self-paced arm movements
together with coherence between thalamic and palliéfP activity at ~70 Hz in eight out of

the 11 patients in whom globus pallidus and thalmere simultaneously implanted.

2.) Brucke at al. 2008In this study we evaluated the movement relategnges in LFP
activity during the performance of a GO/noGO task 1 patients with dystonia. We found a
perimovement increase in 60-80 Hz activity in thHePL which was predominant in GPi
contralateral to the moved side. In contrast, losgfiency LFP activity decreased
symmetrically starting just before movement onaethe 6-11 Hz and 18-25 Hz range. This
was followed by an increase in oscillatory activitythe 18—25 Hz band after completion of
movement that was more pronounced on the contralagile. No significant gamma power
increase occurred in the contralateral GPi during ©1oGO trials. In 9 of the 22 GPi
hemispheres we observed a contralateral decregserima power during noGO trials, which

did not reach statistical significance level.

3.) Briucke et al. 2012 Here we aimed to better characterize the lat¥dligamma
synchronization seen in the GPi. Pallidal localdfipotentials were recorded in 22 patients
during performance of a choice-reaction-time taglavement amplitude of the forearm
pronation-supination movements was parametricalbdutated with an angular degree of
30°, 60°, and 90°. Replicating the results of thevpus study (Bricke et al. 2008) a
contralateral gamma band (35-105 Hz) ERS centred@tHz occurred at movement onset.
The maximum of the gamma ERS was reached duringp¢iaé& movement speed and the
pallidal oscillatory activity correlated with movemt parameters: the larger and faster the
arm movement, the stronger was the synchronizatiothe gamma band. In contrast, the
event-related decrease in beta band activity waslasi for all movements. Movement
direction did not show a significant effect on tgamma band synchronization. During

passive arm movements no significant increase mwinga activity occurred.

1.6. Discussion:

We have demonstrated a strong contralateral, frequgpecific increase in gamma band LFP
activity in the GPi during voluntary movement thatcorrelated with movement amplitude

and velocity (Brucke et al., 2008; Bricke et ab12). Moreover, we have shown that gamma
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activity is not confined to the motor output nudeaf the basal ganglia but can also be found
in the human thalamus. Here, the sharply tunedlatgy LFP activity centred ~70Hz occurs
at rest and is also modulated by voluntary moverardtduring sleep (Kempf et al., 2009).
Movement-related gamma band synchronization aatare of basal ganglia activity has been
described in different movement disorders. Gamnrad lsynchronization has been recorded
from GPi in both generalized and focal dystoniaie et al., 2008; Liu et al., 2008, Brticke
et al., 2012), from the subthalamic nucleus in Padn’s disease patients, and in patients
with non-parkinsonian tremor (Androulidakis et aRQ07; Kempf et al.,, 2007). The
movement-related gamma increase appears lateraiizegatients with dystonia, and
lateralization was enhanced by dopaminergic treatnmeParkinson’s disease (Androulidakis
et al.,, 2007). Here, our data provide further suppo the idea that movement-related
lateralized gamma band synchronization could beatufe of physiological basal ganglia
activity encoding information about movement kinéicg

These observations from deep brain recordings aralpled by activity at the cortical level
as measured in ECoG (electrocorticography) in pttievith epilepsy (Crone et al., 1998;
Crone et al., 2006; Mehring et al., 2004) and immmad subjects using MEG and EEG
(Cheyne et al., 2008; Waldert et al., 2008; Ballakf 2008; Huo et al., 2010) that have
demonstrated the occurrence of gamma oscillatiorassimilar frequency range (60-150 Hz)
in the primary motor cortex during movement onswitalateral to the moved limb. More
recently, Muthukumaraswamy (2010) has revealed tmabtor cortical gamma
synchronization is greater with larger movements,sustained during isometric contraction,
and absent during passive movements. These resaltrikingly similar to our observations
from deep brain recordings, strongly indicatingttle@al gamma synchronization at cortical
and basal ganglia levels reflects a concerted mptocessing during ongoing movement.
Since the strongest synchronization was seen duhagongoing movement, it seems to
reflect a relatively late stage of motor controbgsossible form of “online control*.

Motor slowing and reduced amplitude of movements Ib@en observed in patients treated
with bilateral high-frequency stimulation of the iGBr Huntington’s disease (Moro et al.,
2004), dystonia (Ostrem et al., 2007), or Tourst®yndrome (Diederich et al., 2005). A
possible mechanism of this bradykinesia could bmtanference of high-frequency DBS with
physiological pallidal motor output coding the mment velocity as indexed by the gamma
band synchronization.

We have further shown that GPi synchronizatiorelated to the motor output and is not a

result of proprioceptive feedback, since increasepallidal LFP activity during passive
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movements was significantly smaller compared wittiva movement. This is in line with
results of a previous study of different sensoronotonditions that revealed gamma
synchronization with voluntary but not passive muoeats in patients with dystonia (Liu et
al., 2008).

An important question remains as to how the undeglyliseases may have influenced our
results. We should not forget that results areinbthin patients with movement disorders,
thus there is no certainty that findings are phggical in nature. However, to avoid major
confounds induced by abnormal hand movements [shownduce activity in generalized
dystonia patients, see the study by Liu et al. 8)0ve have only included patients with
normal hand motor function in our last study (Bréigk al. 2012). In line with this, subgroup
analysis did not show significant difference in gaasynchronization between patients with
generalized or focal dystonias without affected &Briicke et al. 2008). The narrow band
gamma activity recorded in the thalamus was sesysadour different disease entities with
differing pathomechanisms, which suggests, thaptesents a mainly physiological thalamic
feature, although we cannot exclude its quantgatiteration in certain diseases. In this
regard it is interesting to note that the narrowdsd thalamic gamma activity can be seen in
records made at rest and during movement, wheheadroader gamma band changes are
only evident in averages time-locked to movementdpaulidakis et al., 2007; Kempf et al.,
2007; Brucke et al., 2008; Bricke et al. 2012). phssible underlying difference between
finely tuned gamma activity and broad band gammenekelated synchronization requires
further investigation. It is possible that the #ralc narrow band gamma activity is a marker
for the attentional state or arousal, since itnbamced by startling stimuli and disappears
when patients fall asleep. The broad band gammelased to the movement itself where it
could code the speed/amplitude variables or movemigour. In a recent study it was
suggested that basal ganglia may regulate motaratdoy scaling of the effort or motor
energy invested in movements (Mazzoni et al., 200fg results of the third study would
also be in line with the assumption that basal Garegntrol motor costs rather than specific
motor parameters.

The parametric modulation of GPi LFP activity witihovement parameters was frequency
selective for gamma activity and occurred only calateral to the moved hand and around
movement onset, supporting a link between gammadlaigns and kinematics of ongoing
movements in patients with dystonia with normaldarotor function. The implication is that
the GPi as a major output station of the basal lgangfluences the scaling of ongoing

movements, whereas a decrease in beta band actiigtyt be a more general phenomenon
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during motor preparation that is necessary to alle@wvement parametrization through other

frequencies to occur (Brown, 2007).

1.7. References:

Androulidakis AG, Kiihn AA, Chen CC, Blomstedt P,rifef F, Kupsch A, Schneider GH, Doyle L,
Dowsey-Limousin P, Hariz Ml, Brown P (2007) Dopasrigic therapy promotes lateralized motor
activity in the subthalamic area in Parkinson’sdese. Brain 130:457— 468.

Ball T, Demandt E, Mutschler I, Neitzel E, Mehri@g Vogt K, Aertsen A, Schulze-Bonhage A
(2008) Movement related activity in the high ganmawage of the human EEG. Neuroimage 41:302—
310.

Berger H (1929) Uber das ElektroenkephalogrammiEsschen. Arch Psychiatr 87:527-570.

Brown P, Oliviero A, Mazzone P, Insola A, Tonalil¥,Lazzaro V (2001) Dopamine dependency of
oscillations between subthalamic nucleus and patlich Parkinson’s disease. J Neurosci 21:1033-
1038.

Brown P (2003) Oscillatory nature of human basalgdja activity: relationship to the
pathophysiology of Parkinson’s disease. Mov DislBB57—-363.

Brown P (2007) Abnormal oscillatory synchronisatiorthe motor system leads to impaired
movement. Curr Opin Neurobiol 17:656 — 664.

Briicke C, Kempf F, Kupsch A, Schneider GH, KraussAkziz T, Yarrow K, Pogosyan A, Brown P,
Kdhn AA (2008) Movement-related synchronizatiorgafnma activity is lateralized in patients
with dystonia. Eur J Neurosci 27:2322-2329.

Briicke C, Huebl J, Schénecker T, Neumann WJ, YakoWupsch A, Blahak C, Litjens G, Brown
P, Krauss JK, Schneider GH, Kiihn AA (2012) Scatihghovement is related to pallidabscillations
in patients with dystonia. J Neurosci 18:1008-19.

Buzsaki G (2006) Rhythms of the brain. Oxford: OsfQJP.
Canton R (1875) The electrical currents of therbrBMJ 2. 278.

Cassidy M, Mazzone P, Oliviero A, Insola A, TorJiDi Lazzaro V, Brown P (2002) Movement-
related changes in synchronization in the humaallggsglia. Brain 125:1235-1246.

Cheyne D, Bells S, Ferrari P, Gaetz W, Bostan AW} Self-paced movements induce high-
frequency gamma oscillations in primary motor cartéeuroimage 42:332-342.

Crone NE, Miglioretti DL, Gordon B, Lesser RP (19®8inctional mapping of human sensorimotor
cortex with electrocorticographic spectral analydiEEvent-related synchronization in the gamma
band. Brain 121:2301-2315.

Crone NE, Sinai A, Korzeniewska A (2006) High-freqay gamma oscillations and human brain
mapping with electrocorticography. Prog Brain R83:275-295.

Diederich NJ, Kalteis K, Stamenkovic M, Pieri V,e&ch F (2005) Efficient internal pallidal
stimulation in Gilles de la Tourette syndrome: aeceeport. Mov Disord 20:1496 —1499.

Engel AK, Konig P, Kreiter AK, Singer W (1991) Imkemispheric synchronization of oscillatory
neuronal responses in cat visual cortex. SciencéD47-9.

-11 -



Fogelson N, Pogosyan A, Kun AA, Kupsch A, van Bruggen G, Speelman H, TijsEerQuartarone
A, Insola A, Mazzone P, Di Lazzaro V, Limousin Rp®n P (2005) Reciprocal interactions between
oscillatory activities of different frequenciesthe subthalamic region of patients with Parkinson’s
disease. Eur J Neurosci 22:257-266.

Huo X, Xiang J, Wang Y, Kirtman EG, Kotecha R, Fgra H, Hemasilpin N, Rose DF, Degrauw T
(2010) Gamma oscillations in the primary motor errstudied with MEG. Brain Dev 32:619 — 624.

Kempf F, Kiihn AA, Kupsch A, Briicke C, Weise L, Selder GH, Brown P (2007) Premovement
activities in the subthalamic area of patients WAgitkinson’s disease and their dependence on task.
Eur J Neurosci 25:3137-3145.

Kempf F, Bricke C, Salih F, Trottenberg T, Kupschsghneider GH, Doyle Gaynor LM, Hoffmann
KT, Vesper J, Wohrle J, Altenmuller DM, Krauss Mazzone P, Di Lazzaro V, Yelnik J, Kihn AA,
Brown P (2009) Gamma activity and reactivity in lamthalamic local field potentials. Eur J
Neurosci 29:943-953.

Liu X, Wang S, Yianni J, Nandi D, Bain PG, Greg®&yStein JF, Aziz TZ (2008) The sensory and
motor representation of synchronized oscillationthe globus pallidus in patients with primary
dystonia. Brain 131:1562-1573.

Mazzoni P, Hristova A, Krakauer JW (2007) Why dom& move faster? Parkinson’s disease,
movement vigor, and implicit motivation. J Neuro2¢t7105—-7116.

Mehring C, Nawrot MP, de Oliveira SC, Vaadia E, @zb-Bonhage A, Aertsen A, Ball T (2004)
Comparing information about arm movement directiosingle channels of local and epicortical field
potentials from monkey and human motor cortex.yk@hParis 98:498 —506.

Moro E, Lang AE, Strafella AP, Poon YY, Arango PDRgher A, Hutchison WD, Lozano AM
(2004) Bilateral globus pallidus stimulation for htington’s disease. Ann Neurol 56:290 —294.

Muthukumaraswamy SD (2010) Functional propertiesurhan primary motor cortex gamma
oscillations. J Neurophysiol 104:2873—2885.

Ostrem JL, Marks WJ Jr, Volz MM, Heath SL, Starr 2807) Pallidal deep brain stimulation in
patients with cranial-cervical dystonia (Meige syorde). Mov Disord 22:1885-1891.

Pfurtscheller G, Graimann B, Huggins JE, Levine Séhuh LA (2003) Spatiotemporal patterns of
beta desynchronization and gamma synchronizatigoritnicographic data during self-paced
movement. Clin Neurophysiol 114:1226 —1236.

Pesaran B, Pezaris JS, Sahani M, Mitra PP, Andé&8ef2002) Temporal structure in neuronal
activity during working memory in macaque parietaitex. Nat Neurosci 5:805-11.

Rickert J, Oliveira SC, Vaadia E, Aertsen A, RogeMehring C (2005) Encoding of movement
direction in different frequency ranges of motortmal local field potentials.
J Neurosci 28:8815-24.

Silberstein P, Kihn AA, Kupsch A, Trottenberg Takiss JK, Wohrle JC, Mazzone P, Insola A, Di
Lazzaro V, Oliviero A, Aziz T & Brown P (2003) Pathing of globus pallidus local field potentials
differs between Parkinson’s disease and dystomanB.26:2597-2608.

Singer W and Gray CM (1995) Visual feature inteigratind the temporal correlation hypothesis.
Annu Rev Neurosci 18, 555-586.

-12 -



Uhlhaas PJ and Singer W (2006) Neural synchrofyam disorders: relevance for cognitive
dysfunctions and pathophysiology Neuron 52, 153 16

Waldert S, Preissl H, Demandt E, Braun C, Birbaulkhefertsen A, Mehring C (2008) Hand
movement direction decoded from MEG and EEG. J dmir28:1000 —1008.

Wang XJ (2010) Neurophysiological and computatigmalciples of cortical rhythms in cognition.
Physiol Rev 90: 1195-268.

-13 -



2. Anteilserklarung

Hiermit wird folgender Anteil von Christof Briickenaden vorgelegten Publikationen
bestéatigt:

Publikation 1 Briicke C, Kempf F, Kupsch A, Schneider GH, Kra#ssAziz T, Yarrow K, Pogosyan
A, Brown P, Kilhn AAMovement-related synchronization of gamma actigitiateralized in patients
with dystonia Europen Journal of Neuroscience, 2008

Antei: 70 Prozent

Beitrag im Einzelnen: Durchfiihrung der Experimeteswertung der Ergebnisse, Schreiben
des Manuskriptes

Publikation 2 Kempf F, Briicke C, Salih F, Trottenberg T, Kups¢tséhneider GH, Doyle Gaynor
LM, Hoffmann KT, Vesper J, Wohrle J, Altenmuller Ddviauss JK, Mazzone P, Di Lazzaro V, Yelnik
J, Kiihn AA, Brown PGamma activity and reactivity in human thalamicdbdield potentials
European Journal of Neuroscience, 2009

Anteil: 25 Prozent

Beitrag im Einzelnen: Durchfiihrung der Experimektéjsche Revision des Manuskriptes

Publikation 3 Briicke C, Huebl J, Schonecker T, Neumann WJ, YakpWupsch A, Blahak C,
Litjens G, Brown P, Krauss JK, Schneider GH, Kiiln $caling of movement is related to palliglal
oscillations in patients with dystonidournal of Neuroscience, 2012

Anteil: 70 Prozent

Beitrag im Einzelnen: Entwurf der Studie, Durchfiing der Experimente, Auswertung der
Ergebnisse, Schreiben des Manuskriptes

Christof Bricke Prof. A. Kihn

-14 -



Publikationen:

Bricke C, Kempf F, Kupsch A, Schneider GH, KralssA¥iz T, Yarrow K, Pogosyan A, Brown P,
Kihn AA Movement-related synchronization of gamma activstylateralized in patients with
dystonig Europen Journal of Neuroscience, 2008

DOI: 10.1111/}.1460-9568.2008.06203.x

http://onlinelibrary.wiley.com/doi/10.1111/j.146®%88.2008.06203.x/citedby

Kempf F, Briicke C, Salih F, Trottenberg T, Kups¢tséhneider GH, Doyle Gaynor LM, Hoffmann
KT, Vesper J, Wohrle J, Altenmiller DM, Krauss M&zzone P, Di Lazzaro V, Yelnik J, Kiihn AA,
Brown P, Gamma activity and reactivity in human thalamicdbfield potentials European Journal
of Neuroscience, 2009

DOI: 10.1111/}.1460-9568.2009.06655.x

http://onlinelibrary.wiley.com/doi/10.1111/j.146®%88.2009.06655.x/abstract

Briicke C, Huebl J, Schénecker T, Neumann WJ, Yafrdtupsch A, Blahak C, Litjens G, Brown P,
Krauss JK, Schneider GH, Kiihn ABcaling of movement is related to palligascillations in
patients with dystoniaJournal of Neuroscience, 2012

DOI: 10.1523/JINEUROSCI.3860-11.2012

http://www.jneurosci.org/content/32/3/1008.long

-15 -



Mein Lebenslauf wird aus datenschutzrechtlichenn@ein in
der elektronischen Version meiner Arbeit nicht Yiendilicht.

- 46 -



Liste der eigenen Publikationen in chronologisdbhetnung (Gesamt 14, Impact Punkte
gesamt: 80,27)

Neumann WJ, Huebl Briicke C, Herrojo - Ruiz M, Kupsch A, Schneider G-H, KUhAA
Enhanced low frequency oscillatory activity of gubthalamic nucleus in a patient with
dystonia Mov Disord. 2012 (accepted) (Impact Punkte: 4,01)

Briicke C, Huebl J, Schonecker T, Neumann WJ, Yarrow K, Ktp&, Blahak C, Liutjens G,
Brown P, Krauss JK, Schneider GH, Kuihn AZcaling of movement is related to palligial
oscillations in patients with dystonid.Neurosci. 2012 Jan 18;32(3):1008-19. (Impackiun
7,18)

Huebl J, Schoenecker T, SiegerB8iicke C, Schneider GH, Kupsch A, Yarrow K, Kihn
AA. Modulation of subthalamic alpha activity to emotabstimuli correlates with depressive
symptoms in Parkinson's diseab#ov Disord. 2011 Feb 15;26(3):477-83. (Impact IRan
4,01)

Kempf F,Briicke C, Salih F, Trottenberg T, Kupsch A, Schneider Gldyle Gaynor LM,
Hoffmann KT, Vesper J, Wéhrle J, Altenmdiller DM,aGss JK, Mazzone P, Di Lazzaro V,
Yelnik J, Kilhn AA, Brown PGamma activity and reactivity in human thalamicabfield
potentials Eur J Neurosci. 2009 Mar;29(5):943-53. (ImpaatiRe: 3, 42)

Kihn AA, Tsui A, Aziz T, Ray NBrucke C, Kupsch A, Schneider GH, Brown P.
Pathological synchronisation in the subthalamicleus of patients with Parkinson's disease
relates to both bradykinesia and rigiditizxp Neurol. 2009 Feb;215(2):380-7. (Impact
Punkte: 3,91)

Kidhn AA, Briicke C, Schneider GH, Trottenberg T, Kivi A, Kupsch A,géde HH, Krauss
JK, Brown PlIncreased beta activity in dystonia patients atterg-induced dopamine
deficiency Exp Neurol. 2008 Nov;214(1):140-3. (Impact Puni®1).

Kiahn AA, Briicke C, Hubl J, Schneider GH, Kupsch A, Eusebio A, AshKaidolland P,
Aziz T, Vandenberghe W, Nuttin B, Brown Motivation modulates motor-related feedback
activity in the human basal gangli€urr Biol. 2008 Aug 5;18(15). (Impact Punkte: 99),

Kiahn AA, Kempf F,Bricke C, Gaynor Doyle L, Martinez-Torres |, Pogosyan A,
Trottenberg T, Kupsch A, Schneider GH, Hariz Mindanberghe W, Nuttin B, Brown P.
High-frequency stimulation of the subthalamic nuslsuppresses oscillatory beta activity in
patients with Parkinson's disease in parallel witiprovement in motor performance
Neurosci. 2008 Jun 11;28(24):6165-73. (Impact Reiktl8)

Briicke C, Kempf F, Kupsch A, Schneider GH, Krauss JK, AEgj2rarrow K, Pogosyan A,
Brown P, Kihn AAMovement-related synchronization of gamma actisitgteralized in
patients with dystonigEur J Neurosci. 2008 May;27(9):2322-9. (ImpaatiRe: 3,42)

Androulidakis AG Briicke C, Kempf F, Kupsch A, Aziz T, Ashkan K, Kihn AA, Bro P.

Amplitude modulation of oscillatory activity in teabthalamic nucleus during movemedsr
J Neurosci. 2008 Mar;27(5):1277-84. (Impact PunRj42)

-47 -



Kempf F,Briicke C, Kihn AA, Schneider GH, Kupsch A, Chen CC, Andrdakis AG,
Wang S, Vandenberghe W, Nuttin B, Aziz T, BrowrMdulation by dopamine of human
basal ganglia involvement in feedback control of/fement Curr Biol. 2007 Aug
7;17(15):R587-9. (Impact Punkte: 10,99)

Briicke C, Kupsch A, Schneider GH, Hariz MI, Nuttin B, Koplh Kempf F, Trottenberg T,
Doyle L, Chen CC, Yarrow K, Brown P, Kiihn AAhe subthalamic region is activated
during valence-related emotional processing in gails with Parkinson's diseadeur J
Neurosci. 2007 Aug;26(3):767-74. (Impact Punktd23,

Kempf F, Kiihn AA, Kupsch ABrlicke C, Weise L, Schneider GH, Brown Premovement
activities in the subthalamic area of patients WRrkinson's disease and their dependence
on task Eur J Neurosci. 2007 May;25(10):3137-45. (Impgaatkte: 3,42)

Chen CCPBriicke C, Kempf F, Kupsch A, Lu CS, Lee ST, Tisch S, LimouB, Hariz M,

Brown P.Deep brain stimulation of the subthalamic nucleuswo-edged swordCurr Biol.
2006 Nov 21;16(22):R952-3. (Impact Punkte: 10,99)

-48 -



Erklarung

»Ich, Christof Briicke, erklare, dass ich die voegge Dissertation mit dem Thema: ,High
frequency oscillations in the basal ganglia andrthenctiononal role in motor processing®
selbst verfasst und keine anderen als die angegel@uellen und Hilfsmittel benutzt, ohne
die (unzuldssige) Hilfe Dritter verfasst und auchTieilen keine Kopien anderer Arbeiten
dargestellt habe.”

1.8.2012 Christof Briicke

- 49 -



Acknowledgments

| would like to express my gratitude to a numbepebple whose examples, support,
encouragement and whose criticism and collaborditawe made this work possible — Andrea
Kihn, Florian Kempf, Julius Hibl, Julian Neumanetd? Brown, Gerd-Helge Schneider,
Christine Huchzermeyer, Joachim Krauss, AndreasBluprhomas Schonecker, Marion
Aichberger, Maria Fuchs, Robert Becker, Pablo GaRgitbéck, Hans Kristoferitsch,
Christoly Biely and my family.

-50 -



	Promotion für Bindung_fuerebiblio_versuch3
	Promotion_fuerebiblio2

