
18 April 2024

AperTO - Archivio Istituzionale Open Access dell'Università di Torino

Original Citation:

Transient effects of 80 Hz stimulation on gait in STN DBS treated PD patients: a 15 months
follow-up study.

Published version:

DOI:10.1016/j.brs.2011.07.001

Terms of use:

Open Access

(Article begins on next page)

Anyone can freely access the full text of works made available as "Open Access". Works made available
under a Creative Commons license can be used according to the terms and conditions of said license. Use
of all other works requires consent of the right holder (author or publisher) if not exempted from copyright
protection by the applicable law.

Availability:

This is the author's manuscript

This version is available http://hdl.handle.net/2318/92701 since



 
 
This Accepted Author Manuscript (AAM) is copyrighted and published by Elsevier. It is posted here 
by agreement between Elsevier and the University of Turin. Changes resulting from the publishing 
process - such as editing, corrections, structural formatting, and other quality control mechanisms - 
may not be reflected in this version of the text. The definitive version of the text was subsequently 
published in  
 
Brain Stimulation, 2012 Jul;5(3):388-92. doi: 10.1016/j.brs.2011.07.001 
 
You may download, copy and otherwise use the AAM for non-commercial purposes provided that 
your license is limited by the following restrictions: 
 
(1) You may use this AAM for non-commercial purposes only under the terms of the CC-BY-NC-ND 
license.  

(2) The integrity of the work and identification of the author, copyright owner, and publisher must be 
preserved in any copy.  

(3) You must attribute this AAM in the following format: Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International License 
 
DOI: http://dx.doi.org/10.1016/j.brs.2011.07.001  
�



Transient�effects�of�80�Hz�stimulation�on�gait�in�STN�DBS�treated�PD�patients:�A�15�
months�followͲup�study�

Valeria�Ricchi,�Maurizio�Zibetti,�Serena�Angrisano,�Aristide�Merola,�Nichy�Arduino,�Carlo�Alberto�Artusi,�
Mario�Rizzone,�Leonardo�Lopiano,�Michele�Lanotte�

Department�of�Neuroscienze,�University�of�Torino,�Turin,�Italy�

Background� � � � � � � � � � � �
Subthalamic� nucleus� deep� brain� stimulation� (STN� DBS)� is� an� effective� therapeutic� option� for� advanced�
Parkinson’s� disease� (PD).� Nevertheless,� some� patients� develop� gait� disturbances� despite� a� persistent�
improvement� of� PD� segmental� symptoms.� Recent� studies� reported� that� stimulation� of� STN� with� low�
frequencies�produced�a�positive�effect�on�gait�disorders�and�freezing�episodes.�

Objective� � � � � � � � � � � � �����
To�evaluate� the�effects�of�80�Hz�stimulation� frequency�on�gait� in�PD�patients�undergoing�STN�DBS�and�to�
determine�whether�such�effects�are�maintained�over�time.�

Methods� � � � � � � � � � � � ���
We� evaluated� 11� STN�DBS� treated� PD� patients�who� had� developed� gait� impairment� several� years� after�
surgery.�Gait�was�assessed�by�means�of� the�StandͲWalkͲSit� (SWS)� test.�Motor�symptoms�and�activities�of�
daily� living�were�evaluated� through� the�Unified�PD�Rating�Scale� (UPDRS).�The� stimulation� frequency�was�
switched�from�130�Hz�to�80�Hz,�adapting�the�voltage�to�maintain�the�same�total�delivered�energy.�Patients�
were� assessed� at� baseline� and� 3� hours� after� switching� the� stimulation� frequency� to� 80� Hz.� FollowͲup�
evaluations�were�carried�out�after�1,�5,�and�15�months.�The�clinical�global�improvement�scale�was�rated�at�
every�followͲup�visit.�

Results�� � � � � � � � � � � � �������
A� significant� improvement� of� gait� (SWS� test)� was� evident� immediately� after� switching� the� stimulation�
frequency�to�80�Hz,�with�no�deterioration�of�PD�segmental�symptoms.�However,�gait� improvement�was�no�
longer�detectable�by�the�SWS�test�at�followͲup�evaluations�1,�5,�and�15�months� later.�Three�patients�were�
switched� back� to� 130� Hz� because� of� unsatisfactory� control� of�motor� symptoms.� Of� the� eight� patients�
maintained�at�80�Hz�up�to�15�months,�five�showed�a�global�improvement�and�three�showed�no�change.�

Conclusions� � � � � � � � � � � ���
Stimulation� frequency� at� 80� Hz� has� an� immediate� positive� effect� on� gait� in� STN� DBS� treated� patients;�
however,� the�objective�gait� improvement� is�not�maintained�over� time,� limiting� the�use�of� this� frequency�
modulation�strategy�in�the�clinical�setting.�

Keywords:�subthalamic�nucleus;�deep�brain�stimulation;�Parkinson’s�disease;�gait�
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Subthalamic� nucleus� (STN)� deep� brain� stimulation� (DBS)� is� generally� recognized� as� an� established�
therapeutic�option�for�selected�patients�with�advanced�Parkinson’s�disease�(PD).1�Prospective�studies�have�
shown�that�bilateral�highͲfrequency�stimulation�of�STN� improves�cardinal�symptoms�of�PD2;�however,�the�
effectiveness�on�appendicular�PD� symptoms� (tremor,� rigidity,�and�bradykinesia)� is�maintained�over� time,�



whereas�improvement�of�axial�symptoms�(gait,�postural�stability,�and�speech)�deteriorates�after�5�years�of�
followͲup.3Ͳ9�In�particular,�some�patients�show�a�worsening�of�gait�even�though�the�general�motor�outcome�
is�still�significantly�improved.10�Gait�disorders�and�freezing�of�gait�become�partially�resistant�to�LͲdopa�and�
STN� stimulation� at� the� usual� high� frequencies� (i.e.,� 130Ͳ180� Hz).� Recent� findings11,12� suggest� that�
modulation�of� the�activity�of� the�pedunculopontine�nucleus� (PPN)�with� lowͲfrequency�stimulation� (15Ͳ25�
Hz)�might�be�useful�in�the�treatment�of�these�symptoms,�even�though�the�benefit�of�this�approach�is�still�a�
matter�of�debate.�The�consideration�of�frequency�modulation�as�a�possible�therapeutic�strategy�in�STN�DBS�
treated�PD�patients�who�develop�severe�gait�disorders�has�been�raised�by�Moreau�et�al.13�who�reported�an�
improvement�of�gait�disturbances�and�a�reduction�of�freezing�episodes�by� lowering�the�frequency�of�STN�
stimulation�from�the�usual�130�Hz�to�60�Hz.�However,�it�has�also�been�reported�that�STN�60�Hz�stimulation�
had�a�positive�effect�on�gait�and�speech�but�was�unable� to�adequately� improve�cardinal�PD�symptoms.14�
The�aim�of�this�study�was�primarily�to�test�the�hypothesis�that�an�intermediate�stimulation�frequency�of�80�
Hz� could� improve� gait� disturbances� in� STN� DBS� treated� PD� patients� without� loosing� effectiveness� on�
cardinal�symptoms,�and�secondarily�to�determine�whether�such�improvement�was�maintained�over�time.�

Methods�

Patients� � � � � � � � � � � � ���
We�enrolled�11�consecutive�PD�patients�(three�females,�eight�males)�submitted�to�STN�DBS�who�developed�
gait� impairment�with�frequent�falls�and/or�freezing�of�gait�within�the�first�5�years�from�surgery.�A�written�
informed�consent�was�obtained�from�every�patient�to�participate�in�the�study.� � � ���������
Patients�were�62.9�±�4.3� (mean�±�SD)�years�old�at�surgery�and� the�mean�age�at�PD�onset�was�46.8�±�4.1�
years.�Outcome� of� surgery�was� good� for� all� patients;� at� the� first� postoperative� evaluation� 1� year� after�
surgery,�the�Unified�Parkinson’s�Disease�Rating�Scale�(UPDRS)�motor�score�improved�43%�(P�=�0.003)�with�
STN�stimulation�and�52%�(P�=�0.003)�after�administration�of�a�suprathreshold�dose�of�LͲdopa�(1.5�times�the�
usual�morning�dose).�There�were�no�significant�LͲdopaͲresistant�axial�symptoms.� � � �����
At� the�beginning�of� the� study,� the�mean� time� interval� since�STN�DBS� initiation�was�4.5�±�1.4�years.�The�
UPDRS� motor� score� improved� 35%� (P� =� 0.003)� with� STN� stimulation� and� 48%� (P� =� 0.003)� after�
administration�of�a�suprathreshold�dose�of�LͲdopa.� � � � � � � �����
All�patients�were�stimulated�with�cathodic�unipolar�stimulation,�at�a�frequency�of�130�Hz,�a�pulse�width�of�
60�microseconds�and�a�mean�voltage�of�3.3�V�(range�3.2Ͳ3.4�V)�for�the�left�STN�and�3.4�V�(range�3.2Ͳ3.4�V)�
for�the�right�STN;�dorsal�contacts�(2�and�3�for�the�left�STN�and�6�and�7�for�the�right�STN)�were�used�in�all�but�
one�patient�for�whom�contacts�1�and�5�were�used.�Dopaminergic�therapy,�expressed�in�LͲdopa�equivalent�
daily�dose�(LEDD)�according�to�standard�conversions15�was�757�±�262�mg/d.�

Study�protocol� � � � � � � � � � � ���
The�study�protocol�was�divided�in�two�phases:�phaseͲ1,�to�test�the�acute�effect�of�switching�the�stimulation�
frequency�from�130�Hz�to�80�Hz�and�phaseͲ2,�to�determine�whether�this�effect�was�maintained�over�time.�

PhaseͲ1� � � � � � � � � � � ���������
Patients�were� evaluated� at� baseline�with� the� usual� stimulation� frequency� of� 130� Hz� during� “ONͲdrug”�
conditions�after�the�usual�morning�dose�of�LͲdopa.�The�stimulation�frequency�was�then�switched�to�80�Hz�
and�the�voltage�adjusted�to�maintain�constant�the�total�energy�delivered�(TEED)�according�to�the�equation:�
TEED� (1s)� =� voltage2� ×� frequency� ×� amplitude/impedance.� After� 3� hours� of� stimulation� at� 80� Hz� the�
evaluation�was�repeated.�



PhaseͲ2� � � � � � � � � � � ����������
FollowͲup�evaluations�were�carried�out�after�1,�5,�and�15�months�of�chronic�80�Hz�stimulation�under�the�
same�“ONͲdrug”�conditions�after�the�first�morning�dose�of�LͲdopa.� � � � �����������������
The� evaluation� included� the� UPDRS� part� II� (Activities� of� Daily� Living)� and� part� III� (Motor� Examination);�
subscores�for�falling�(item�13),�freezing�of�gait�(item�14),�walking�(item�15),�resting�tremor�(item�20),�rigidity�
(item�22),�bradykinesia�(items�23Ͳ26),�and�axial�symptoms�(items�18,�27Ͳ30)�were�analyzed.� ���������������������
A�video� recording�of� the� standardized� timed�StandͲWalkͲSit� (SWS)� test�over�a�distance�of�7�meters�was�
used� for�gait�evaluation.16�One�blinded� investigator�assessed�by�video�the�SWS�test�completion� time,�the�
number� of� steps� and� the� number� of� freezing� episodes,�while� the� second� unblinded� investigator� scored�
UPDRS� part� II� and� III� and�modified� stimulation� parameters.� If� required� on� clinical� basis,� the� unblinded�
investigator�could�adjust�dopaminergic�therapy�and�stimulation�settings�in�order�to�optimize�PD�symptoms�
improvement.� Stimulation� amplitude� was� adjusted� by� 0.2� V� steps� maintained� for� at� least� 1� hour.���������������
The� investigator’s�clinical�global� impression�of�patient� improvement� (CGIͲI)�was� rated�at�every� followͲup�
visit�on�a�fiveͲpoint�scale:�(1)�great� improvement,�(2)�moderate� improvement,�(3)�slight� improvement,�(4)�
no�change,�(5)�worsening.17� � � � � � � � � �
Adjustments�of�stimulation�amplitude�and�dopaminergic�therapy�were�allowed�to�optimize�PD�symptoms�
improvement.� � � � � � � � � � � � �
Data�were�analyzed�using� the�Statistical�Package� for� the�Social�Sciences� (SPSS,�Chicago,� IL).�As�normality�
could� not� be� assumed� in� this� small� group� of� patients,� the� nonparametric� Friedman� test� for� repeated�
measures�followed�by�a�Wilcoxon�test�was�used�to�compare�UPDRS�scores�and�SWS�test�results�in�different�
conditions� and� at� different� time� points;� a� probability� (P)� values� <� 0.05� was� considered� statistically�
significant.�

Results�

Acute�effects� � � � � � � � � � � �����������������
The�time�and�the�number�of�steps�needed�to�complete�the�SWS�test�were�significantly�reduced�in�the�80�Hz�
stimulation� condition� compared�with� the�baseline�130�Hz� stimulation� condition,�whereas� there�were�no�
freezing�episodes�elicited�during�the�test�in�neither�of�the�stimulation�conditions�(Table�1).�

�

�

�����

�

FollowͲup�evaluations� � � � � � � � � � ��������������
Eight� of� the� 11� patients� completed� the� study� and�were� followed� up� to� 15�months�with� chronic� 80�Hz�
stimulation.� Three� patients�were� switched� back� to� 130� Hz� frequency� stimulation� after� the� first�month�



evaluation� because� of� increased� tremor� (two� patients)� or�worsening� of� gait� and� rigidity� (one� patient).���
Comparing�the�80�Hz�stimulation�condition�at�1,�5,�and�15�months,�to�the�130�Hz�stimulation�condition�at�
baseline,�the�time�needed�to�complete�the�test�was�not�significantly�different�at�all�followͲup�evaluations,�
whereas�the�number�of�steps�was�not�significantly�different� from�baseline�at�1�and�5�months,�but� it�was�
significantly�increased�at�15�months.�The�number�of�freezing�episodes�did�not�vary�significantly�at�any�time�
point�(Table�1).�Compared�to�the�130�Hz�baseline�condition,�there�was�a�significant�reduction�of�the�UPDRS�
total�motor� score� at�1�month� that�was�no� longer� evident� at�5� and�15�months.�Analyzing�UPDRS�motor�
subscores,�only�akinesia�showed�a�transient� improvement�after�1�month�that�was�no� longer�evident�at�5�
and�15�months;�no�significant�differences�were�found�for�tremor,�rigidity,�and�axial�score�(Table�2).�

�

The�UPDRS�part�II�subscore�for�freezing�of�gait�transiently�improved�after�1�month�of�80�Hz�stimulation,�but�
returned� to�values�comparable� to�baseline�at� the�5�and�15�months�evaluations.�No� significant�variations�
were�detected�in�the�UPDRS�part�II�total�score�and�in�subscores�for�falling�and�walking.� �������������������������������
The� stimulation� voltage� (3.4� [3.2Ͳ3.4]�V)� in� use�with� 130�Hz� frequency� at� baseline�was� increased�when�
switching� the� stimulation� frequency� to� 80�Hz� (4.5� [3.9Ͳ4.5]� V)� to�maintain� equivalent� delivered� energy�
levels.�The�voltage�remained�unchanged�at�1�and�5�months�and�it�was�increased�slightly�at�15�months�(4.7�
[4.5Ͳ5.0]�V).�No� significant�modifications�of�dopaminergic� therapy�were�made� at�1� and�5�months;� at�15�
months,�there�was�a�slight�reduction�of�median�LEDD�(90�mg/d)�that�did�not�reach�significance.�� ������
At� the� first� month� evaluation,� according� to� the� CGIͲI� scale� (Table� 3),� five� patients� showed� great�
improvement,� three�moderate� improvement,� and� three� a�worsening.� The� three�patients�who�worsened�
were�switched�back�to�130�Hz�stimulation�and�dropped�out�of�the�study.�At�5�months,�two�patients�showed�
great� improvement,� one�moderate� improvement,� two� slight� improvement,� and� three� no� change.�At� 15�
months,� two� patients� still� showed� great� improvement,� two� moderate� improvement,� one� slight�
improvement,�and�three�no�change.�

�



�

Discussion�

The� results�of� the�current�study�show� that� there� is�an� immediate�positive�effect�on�gait�by� reducing� the�
stimulation�frequency�from�130�Hz�to�80�Hz�at�equivalent�delivered�energy�levels.�This�improvement�of�gait�
is,�however,�not�maintained�over� time.�The�slight�reduction� in� the�number�of�steps�and�completion� time�
quantified�on�the�SWS�test�was�present�only�straightaway�after�the�frequency�change,�but�it�was�no�longer�
evident�after�1�month�of�continuous�80�Hz�stimulation.�Conversely,�only�three�of�the�11�patients�had�to�be�
switched� back� to� 130� Hz� for� incomplete� control� of�motor� symptoms,� whereas� in� the� remaining� eight�
patients,� there� was� no� significant�modification� of� the� UPDRS�motor� score� up� to� 15�months� from� the�
frequency� change.� Freezing� of� gait�was� reduced� according� to� the�UPDRS� II� subscore� at� the� first�month�
evaluation,�but�this�improvement,�as�well�was�short�lasting,�was�no�longer�evident�at�5�and�15�months.�Still�
after�15�months,�patients�were�able�to�walk�better�on�the�80�Hz�stimulation,�even�though�this�subjective�
benefit� in� gait� performances� could� not� be� objectively� quantified� on� the� SWS� test� nor� in� the� ratings� of�
UPDRS�subscores.� � � � � � � � � � � �������
In�the�seminal�study�by�Moreau�et�al.,13� followͲup�data�at�8�months� indicate�that�the�clinical�gait�benefit�
with�60�Hz�stimulation�was�still�satisfactory�in�85%�of�patients,�although�it�was�necessary�to�slightly�increase�
the�daily�LͲdopa�dose�to�achieve�the�same�clinical�benefit.�Our�findings�show�that�eight�of�11�patients�(72%)�
could�be�maintained�with�80�Hz�stimulation�up�to�15�months,�and�five�of�these�patients�(45%)�displayed�a�
clinical�global�improvement,�whereas�three�patients�(27%)�showed�no�change.� � � � �����
An�interesting�similarity�between�the�two�studies�is�the�slight�improvement�of�akinesia�with�stimulation�at�
low�frequencies�that�may�have�contributed�to�the�reduction�of�freezing�of�gait.13�In�our�study,�the�number�
of�freezing�of�gait�episodes�elicited�during�the�SWS�test�was�very�low�even�if�patients�reported�freezing�in�
everyday� life�conditions.� It� is�possible�that�a�more�complex�and�naturalistic�walking�task�and�the�use�of�a�
specific�questionnaire�could�have�better�measured�this�intrinsically�variable�phenomenon.18� � ��
One� open� question� is�whether� different� disease� phenotypes� of� PD� are� better� candidates� to� frequency�
modulation� than� others.� In� our� group� of� patients,� the� nontremor� dominant� phenotype�was� apparently�
favored� for� lower� frequency� stimulation,� because� two� of� three� patients� who� did� not� tolerate� the�
stimulation�at�80�Hz�were�tremor�dominant,�whereas�only�one�of�eight�patients�who�benefited�from�80�Hz�
stimulation�displayed�a�tremor�dominant�phenotype.� � � � � � � ���
The�pathophysiologic�mechanisms�involved�in�the�effects�of�frequency�modulation�remain�to�be�elucidated.�
One�hypothesis�concerns�the�current�spread�to�structures�around�the�STN�area,�possibly�to�fibers�projecting�
to�the�PPN,�because�the�direct�lowͲfrequency�stimulation�of�the�human�PPN�produces�gait�improvement.11�
Alternatively,�different�DBS�frequencies�may�boost�disease� impaired� local�activity� in�the�gamma�band�(60Ͳ
90�Hz)�within�the�basalͲganglia�cortical�loop.19�



�

In�conclusion,� in�this�study�we�have�shown�that�reducing�the�stimulation�frequency�from�130�Hz�to�80�Hz�
has� a� transient� positive� effect� on� gait� impairment� in� STN�DBS� treated� patients;� however,� the� objective�
benefit�achieved�by�stimulation�at�80�Hz�is�not�clearly�maintained�over�time.�

References�

1. A.L.�Benabid,�S.�Chabardes,�J.�Mitrofanis,�P.�Pollak�Deep�brain�stimulation�of�the�subthalamic�
nucleus�for�the�treatment�of�Parkinson’s�disease.�Lancet�Neurol,�8�(1)�(2009),�pp.�67–81.�

2. G.�KleinerͲFisman,�J.�Herzog,�D.N.�Fisman�et�al.��Subthalamic�nucleus�deep�brain�stimulation:�
summary�and�metaͲanalysis�of�outcomes.�Mov�Disord,�21�(Suppl�14)�(2006),�pp.�S290–S304.�

3. P.�Krack,�A.�Batir,�N.�Van�Blercom�et�al.�FiveͲyear�followͲup�of�bilateral�stimulation�of�the�
subthalamic�nucleus�in�advanced�Parkinson’s�disease.�N�Engl�J�Med,�349�(20)�(2003),�pp.�1925–
1934.�

4. W.M.�Schupbach,�N.�Chastan,�M.L.�Welter�et�al.�Stimulation�of�the�subthalamic�nucleus�in�
Parkinson’s�disease:�a�5�year�follow�up.�J�Neurol�Neurosurg�Psychiatry,�76�(12)�(2005),�pp.�1640–
1644.�

5. C.�Wider,�C.�Pollo,�J.�Bloch,�P.R.�Burkhard,�F.J.�Vingerhoets�LongͲterm�outcome�of�50�consecutive�
Parkinson’s�disease�patients�treated�with�subthalamic�deep�brain�stimulation.�Parkinsonism�Relat�
Disord,�14�(2)�(2008),�pp.�114–119.�

6. L.M.�Romito,�M.F.�Contarino,�N.�Vanacore�et�al.�Replacement�of�dopaminergic�medication�with�
subthalamic�nucleus�stimulation�in�Parkinson’s�disease:�longͲterm�observation.�Mov�Disord,�24�(4)�
(2009),�pp.�557–563.�

7. H.�GervaisͲBernard,�J.�XieͲBrustolin,�P.�Mertens�et�al.�Bilateral�subthalamic�nucleus�stimulation�in�
advanced�Parkinson’s�disease:�five�year�followͲup.�J�Neurol,�256�(2)�(2009),�pp.�225–233.�

8. E.�Moro,�A.M.�Lozano,�P.�Pollak�et�al.�LongͲterm�results�of�a�multicenter�study�on�subthalamic�and�
pallidal�stimulation�in�Parkinson’s�disease.�Mov�Disord,�25�(5)�(2010),�pp.�578–586.�

9. A.�Fasano,�L.M.�Romito,�A.�Daniele�et�al.�Motor�and�cognitive�outcome�in�patients�with�Parkinson’s�
disease�8�years�after�subthalamic�implants.�Brain,�133�(9)�(2010),�pp.�2664–2676.�

10. B.F.�van�Nuenen,�R.A.�Esselink,�M.�Munneke�et�al.�Postoperative�gait�deterioration�after�bilateral�
subthalamic�nucleus�stimulation�in�Parkinson’s�disease.�Mov�Disord,�23�(16)�(2008),�pp.�2404–2406.�

11. A.�Stefani,�A.M.�Lozano,�A.�Peppe�et�al.�Bilateral�deep�brain�stimulation�of�the�pedunculopontine�
and�subthalamic�nuclei�in�severe�Parkinson’s�disease.�Brain,�130�(Pt�6)�(2007),�pp.�1596–1607.�

12. �M.U.�Ferraye,�B.�Debû,�V.�Fraix�et�al.�Effects�of�pedunculopontine�nucleus�area�stimulation�on�gait�
disorders�in�Parkinson’s�disease.�Brain,�133�(Pt�1)�(2010),�pp.�205–214.�

13. C.�Moreau,�L.�Defebvre,�A.�Destée�et�al.�STNͲDBS�frequency�effects�on�freezing�of�gait�in�advanced�
Parkinson�disease.�Neurology,�71�(2)�(2008),�pp.�80–84.�

14. H.�Brozova,�I.�Barnaure,�R.L.�Alterman,�M.�Tagliati.�STNͲDBS�frequency�effects�on�freezing�of�gait�in�
advanced�Parkinson�disease.�Neurology,�72�(8)�(2009),�p.�770.�

15. C.L.�Tomlinson,�R.�Stowe,�S.�Patel�et�al.�Systematic�review�of�levodopa�dose�equivalency�reporting�
in�Parkinson’s�disease.�Mov�Disord,�25�(15)�(2010),�pp.�2649–2653.�

16. J.W.�Langston,�H.�Widner,�C.G.�Goetz�et�al.�Core�assessment�program�for�intracerebral�
transplantations�(CAPIT).�Mov�Disord,�7�(1992),�pp.�2–13.�

17. W.�Guy.�ECDEU�Assessment�Manual�for�Psychopharmacology—Revised�(DHEW�Publ�No�ADM�76Ͳ
338).�U.S.�Department�of�Health,�Education,�and�Welfare,�Public�Health�Service,�Alcohol,�Drug�



Abuse,�and�Mental�Health�Administration,�NIMH�Psychopharmacology�Research�Branch,�Division�of�
Extramural�Research�Programs,�Rockville,�MD�(1976)�p.�218Ͳ222.�

18. N.�Giladi,�J.�Tal,�T.�Azulay�et�al.�Validation�of�the�freezing�of�gait�questionnaire�in�patients�with�
Parkinson’s�disease.�Mov�Disord,�24�(5)�(2009),�pp.�655–661.�

19. D.�Devos,�W.�Szurhaj,�N.�Reyns�et�al.�Predominance�of�the�contralateral�movementͲrelated�activity�
in�the�subthalamoͲcortical�loop.�Clin�Neurophysiol,�117�(2006),�pp.�2315–2327.�

Corresponding�author�contact�information.�� � � � � ��������������
Correspondence:�Michele�Lanotte,�M.D.,�Department�of�Neuroscience,�Via�Cherasco�15,�10126�Turin,�
Italy.�


