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Abstract: Physiotherapy is widely used in Parkinson’s
disease (PD), but there are few controlled studies compar-
ing active interventions. Recently, a technique named
‘‘LSVT1BIG’’ has been introduced. LSVT1BIG is derived
from the Lee Silverman Voice Treatment and focuses on in-
tensive exercising of high-amplitude movements. In the pres-
ent comparative study, 60 patients with mild to moderate PD
were randomly assigned to receive either one-to-one training
(BIG), group training of Nordic Walking (WALK), or domes-
tic nonsupervised exercises (HOME). Patients in training
(BIG) and WALK received 16 hours of supervised training
within 4 (BIG) or 8 (WALK) weeks. The primary efficacy
measure was difference in change in Unified Parkinson’s Dis-
ease Rating Scale (UPDRS) motor score from baseline to fol-

low-up at 16 weeks between groups. UPDRS scores were
obtained by blinded video rating. ANCOVA showed signifi-
cant group differences for UPDRS-motor score at final assess-
ment (P < 0.001). Mean improvement of UPDRS in BIG was
25.05 (SD 3.91) whereas there was a mild deterioration of
0.58 (SD 3.17) in WALK and of 1.68 (SD 5.95) in HOME.
LSVT1BIG was also superior to WALK and HOME in
timed-up-and-go and timed 10 m walking. There were no sig-
nificant group differences for quality of life (PDQ39). These
results provide evidence that LSVT1BIG is an effective tech-
nique to improve motor performance in patients with
PD. � 2010 Movement Disorder Society
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Pharmacological and surgical treatments provide

symptomatic relief in patients with Parkinson’s disease

(PD) but even with optimized treatment motor deficits

progress during the course of disease. Exercise is an

established therapeutic adjunctive and several studies

evaluating different techniques have been published

recently. However, few studies compare the effects of

specific exercises with active control conditions.1,2 In

addition, interpretation of trials is often limited by lack

of randomization, lack of rater-blinding, and inad-

equate follow up.3,4

Different exercise approaches have been advocated for

patients with PD, including use of attentional control,5

sensory cueing,6,7 repetitive training of specific move-

ments,8,9 Nordic walking,10 domestic training programs,11

and musculoskeletal exercises aiming to improve strength,

range of movement, and endurance.12,13 High-intensity

training of movement amplitude in PD was first applied

in the form of the Lee Silverman Voice Treatment

(LSVT1LOUD) to improve hypophonia. Subsequently, a

controlled trial has shown that LSVT1LOUD provides

long-term (2 years) retention of improved loudness.14 The

LSVT1LOUD is now considered an evidence-based

treatment for speech deficits in PD.2

Recently, a technique named ‘‘LSVT1BIG,’’ derived

from the LSVT1LOUD has been introduced.15

LSVT1BIG focuses on high-amplitude movements.

The training is characterized by multiple repetitions,

high intensity, and increasing complexity. LSVT1BIG
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Bewegungsstörungen / Parkinson, Paracelsusring 6a, 14547 Beelitz-
Heilstätten, Germany. E-mail: ebersbach@parkinson-beelitz.de

Received 15 December 2009; Revised 25 February 2010; Accepted
30 March 2010

Published online 28 July 2010 in Wiley Online Library

(wileyonlinelibrary.com). DOI: 10.1002/mds.23212

1902

Movement Disorders
Vol. 25, No. 12, 2010, pp. 1902–1908
� 2010 Movement Disorder Society



is delivered in 16 (43/week for 4 weeks) individual 1-

hour therapy sessions. The goal of LSVT1BIG (and

LSVT1LOUD) is to improve movement perception and

to recalibrate disturbed scaling of movement amplitudes.

The aim of the current study was to compare the

effects of LSVT1BIG, Nordic walking, and unassisted

home exercises. Nordic walking is a standardized

approach that has been recommended for treatment of

PD10 and is widely used in many countries. Subjects

assigned to Nordic walking and LSVT1BIG received

the same total dose of therapist time. Training frequency

(twice per week) and manpower (group treatment) were

lower and therefore more representative of standard care

situation in Nordic walking compared to LSVT1BIG.

The primary outcome measure was motor performance

as assessed by blinded video rating of the Unified Par-

kinson’s Disease Rating Scale (UPDRS)16 motor section.

METHODS

Patients

Sixty patients with PD referred from local outpatient

clinics and office-based physicians were enrolled

between June 2008 and May 2009. Participants were

required to fulfill diagnostic criteria for idiopathic

PD.17 Inclusion criteria comprised Hoehn & Yahr

stages I–III,16 outpatient treatment, and stable medica-

tion 4 weeks prior to inclusion. Exclusion criteria were

dementia (MMSE < 25), severe depression, disabling

dyskinesias, and comorbidity affecting mobility or abil-

ity to exercise. Patients were randomly allocated by

drawing lots to LSVT1BIG, Nordic walking (WALK),

or domestic exercise (HOME).

The study was approved by the local ethics commit-

tee and written informed consent was obtained from

each subject.

Interventions

One physiotherapist (O.K.) certified as LSVT1BIG-

instructor and Nordic walking instructor delivered all

BIG and Nordic walking sessions and also provided

instructions for patients randomized to HOME. Patients

assigned to LSVT1BIG received 16 1-hour-sessions (43/

week for 4 weeks). Training (BIG) has previously been

described in detail.18 Briefly, 50% of exercises consist of

standardized whole-body movements with maximal am-

plitude, repetitive multidirectional movements (e.g., step-

ping and reaching), and stretching. The second half

of exercise includes goal-directed activities of daily

living (ADL) according to individual needs and preferen-

ces. ADL were performed using high-amplitude

‘‘LSVT1BIG-movements.’’ LSVT1BIG is delivered one-

to-one with intensive motivation and feed back. Patients

are constantly encouraged to work with at least ‘‘80% of

their maximal energy’’ on every repetition. Patients are

taught to use bigger movements in routine activities to

provide continuous exercise in everyday movements.

Patients assigned to WALK received 16 sessions

(23/week for 8 weeks). Each session lasted 1 hour and

consisted of a standardized protocol for beginners includ-

ing warming up, practicing Nordic walking, and, finally,

a cooling down. Sessions were performed in a local

park. All sessions were performed in groups of 4 to 6

participants and constantly supervised by the therapist.

Patients assigned to HOME received a 1-hour

instruction of domestic training with practical demon-

stration and training. Exercises included stretching,

high-amplitude movements, as well as active work-

outs for muscular power and posture.

Participants in all groups were encouraged to exer-

cise regularly at home. They received a diary to docu-

ment type and duration of exercise performed in addi-

tion to supervised LSVT1BIG and WALK sessions.

Additional information about the training programs is

available in the online version of this article.

Assessment Procedures

The primary efficacy measure was the difference in

change from baseline in UPDRS-III-score between treat-

ment groups at week 16. The interval between active

interventions and assessments (12 weeks in LSVT1BIG

and 8 weeks in WALK) was considered to be sufficient

to capture sustained effects of therapy. For blinded

assessment of the primary variable, patients were video-

taped while performing all UPDRS part III items. Videos

were then rated by an experienced rater (G.E.) blinded

for group allocation and time-point of examination. Rat-

ing of rigidity was facilitated by brief comments from

the person performing the physical examination.

Secondary outcome variables included differences in

change from baseline for the following parameters: qual-

ity of life (PDQ-3919), timed up-and-go (TUG),20 and

time to walk 10 m (assessed with stopwatch). All tests

were carried out during the medication ‘‘ON’’-period.

Data Analysis

Differences in change from baseline to week 16

between treatment groups were assessed using analysis of

covariance (ANCOVA) with the baseline values as a cova-

riate. If the overall comparison revealed significant differ-

ences between groups, pairwise comparisons were per-

formed. On an exploratory basis, ANCOVA with the base-
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line values as a covariate was also used to analyze differ-

ences between intermediate and final assessments. a-Level
was set at 0.05 and outcome analyses were conducted on a

per-protocol-basis using SPSS and SAS softwares.

RESULTS

Subject Disposition (Fig. 1)

Of the sixty patients randomly assigned for treat-

ment, 58 subjects completed the study and were avail-

able for follow up at week 16: LSVT1BIG (n 5 20),

WALK (n 5 19), and HOME (n 5 19). One patient in

WALK withdrew consent after 2 weeks, one patient in

HOME dropped out before week 4 due to psychosis.

Patient Characteristics (Table 1)

Univariate ANOVA showed no significant differen-

ces between groups for age, disease duration, weekly

exercise time, and L-dopa equivalence dose (LED).

Adjustments of antiparkinsonian medication between

baseline and week 16 occurred in 18 subjects (6 in each

group). Changes of mean LED resulting from these

adjustments were small (17.5 mg in BIG, 7.9 in WALK

and 23.7 in HOME) and did not differ significantly

between groups (Kruskal-Wallis Test, 0.437). Mean

weekly exercise time (in addition to LSVT1BIG or

Nordic Walking) between baseline and final examina-

tion according to diary entries was 2.53 (SD 5 1.19) in

BIG, 2.10 (2.05) in WALK, and 2.6 (1.12) in HOME.

Efficacy (Table 2)

ANCOVA showed significant group differences for

UPDRS-motor score at final assessment (Fig. 2). Mean

change from baseline was 25.05 (3.91) in

LSVT1BIG, 0.58 (3.17) in WALK, and 1.68 (5.95) in

HOME (P < 0.001). In pair-wise comparisons,

LSVT1BIG was superior to WALK (P < 0.001) and

HOME (P < 0.001). Descriptively, improvement of

UPDRS in LSVT1BIG was mainly related to bradyki-

nesia items (items 18,19,23–27,29,31). Mean sum-score

of these items decreased from 13.75 to 10 between

baseline and week 16 in BIG. ANCOVA also showed

group differences for TUG (mean change from base-

line: LSVT1BIG: 20.75 (1.94), WALK: 0.58 (1.72),

HOME 0.44 (1.21), P 5 0.033) and pairwise compari-

sons revealed a better outcome in LSVT1BIG com-

pared to WALK (P 5 0.036) and HOME (P 5 0.024).

There was a tendency for group differences in

ANCOVA for timed walking (mean change from base-

line: LSVT1BIG: 21.12 (0.84), WALK 20.59 (1.34),

HOME: 20.45 (1.08), P 5 0.059) with a better out-

come in LSVT1BIG compared to WALK (P 5 0.088)

and HOME (0.015). There were no significant group

differences for PDQ39. Formal power analysis showed

that the present study had a power of 27% to detect a

difference of PDQ-sum-scores between the three

groups. Seventy-four subjects need to be included in

FIG. 1. Disposition of patients. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

TABLE 1. Subject characteristics

n Age (y) f/m
Disease

duration (y)
Hoehn &
Yahr

LED
(mg/d)

BIG 20 67.1 (3.6) 13/7 6.1 (3.0) 2,8 (0.37) 486 (301)
WALK 19 65.5 (9.0) 12/7 7.8 (4.4) 2,6 (0.4) 530 (288)
HOME 19 69.3 (8.4) 11/8 7.4 (5.9) 2,5 (0.7) 463 (260)

Values are means (SD).
LED, L-dopa equivalence dose.
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each group to detect a significant difference in PDQ

outcome between groups. ANCOVA did not reveal dif-

ferences between intermediate and final assessments

for UPDRS-rating, TUG, timed walking, and PDQ39.

DISCUSSION

In the present prospective controlled, rater-blinded

study, training LSVT1BIG led to improved motor per-

formance in patients with PD. The degree of change in

UPDRS motor score (mean 5.05) is considered as clin-

ically relevant.21 In contrast to LSVT1BIG, UPDRS

motor score was not improved in patients with training

in Nordic walking (WALK) with the same amount of

supervised sessions and in patients receiving a single

1-hour-instruction for domestic training by a therapist

(HOME). Outcome with training (BIG) was also supe-

rior in further assessments (TUG, 10-m walk). Our

findings are in accordance with a previous non-con-

trolled study on LSVT1BIG therapy in 18 patients

with PD,15 reporting a modest (12–14%) increase of

velocity in walking and reaching movements after 4

weeks of LSVT1BIG.

Significant changes in quality of life (PDQ-39) were

not observed but numerical improvements in PDQ-scores

in patients receiving LSVT1BIG and Nordic walking

suggest that the present study may have been under-

powered to detect moderate improvements in quality of

life.

Exercise therapy in PD has recently been subject to

numerous systematic reviews2,4,22–24 and growing in-

terest has lead to an increasing number of controlled

trials.23 Yet, there are only few studies comparing spe-

cific types of physiotherapy with both active compara-

tors and inactive controls. Sage and Almeida25 reported

a more pronounced improvement in UPDRS-III and

other motor tasks with exercises designed to improve

sensory attention and body awareness compared to

lower-limb aerobic training. Mak and Chan26 found

better outcome in the Sit-and-Stand task when subjects

received training including sensory cues compared to

conventional exercise. In both studies, patients without

active interventions did not improve. In the present

TABLE 2. Outcome measures

Baseline,
mean (SD)

Difference baseline/week
16, mean (SD)

ANCOVA between
group, F/P value

ANCOVA, pairwise
comparisons, F/P value

UPDRS III 11.9 / <0.001*
LSVT1BIG 21.1 (6.3) 25.05 (3.91) LSVT1BIG vs. WALK 21.2/<0.001*
WALK 18.5 (5.8) 0.58 (3.17) LSVT1BIG vs. HOME 16.7/<0.001*
HOME 19.1 (9.7) 1.68 (5.95) WALK vs. HOME 0.53/0.470

PDQ39 1.36 / 0.264
LSVT1BIG 31.2 (20.3) 23.25 (11.28)
WALK 34.3 (16.5) 25.36 (11.34)
HOME 35.8 (13.4) 0.21 (12.00)

TUG (sec) 3.64 / 0.033*
LSVT1BIG 8.1 (1.6) 20.75 (1.94) LSVT1BIG vs. WALK 4.77/0.036*
WALK 7.7 (1.4) 0.58 (1.72) LSVT1BIG vs. HOME 5.58/0.024*
HOME 7.7 (1.3) 0.44 (1.21) WALK vs. HOME 0.08/0.784

Timed 10 m (sec) 2.97 / 0.059#

LSVT1BIG 7.7 (1.1) 21.12 (0.84) LSVT1BIG vs. WALK 3.08/0.088#

WALK 7.9 (1.3) 20.59 (1.34) LSVT1BIG vs. HOME 6.57/0.015*
HOME 7.9 (1.3) 20.45 (1.08) WALK vs. HOME 0.21/0.647

Changes from baseline to follow up at week 16. Pairwise post hoc comparisons between conditions (LSVT1BIG/WALK/HOME) were per-
formed when ANCOVA indicated between-group differences.

*P < 0.05,
#P 5 0.05–0.1.

FIG. 2. UPDRS motor score (blinded rating), mean change from
baseline (vertical bars 5 standard deviations). Change between base-
line and follow up at week 16 was superior in LSVT1BIG (inter-
rupted line) compared to WALK (dotted line) and HOME (solid
line), P < 0.001. ANCOVA did not disclose significant differences
between intermediate and final assessments.
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study, outcome differed clearly between the active

interventions. Intensive one-to-one training (BIG) was

found to be more effective than Nordic walking deliv-

ered as a group training. Differences in training techni-

ques may have contributed to the results. In addition, it

is likely that individual face-to-face interaction with

the therapist was more crucial for successful outcome

than total exercise-time. Further studies are needed to

explore differences in cost-effectiveness between the

(more expensive) individual training (BIG), group

treatments, and self-supervised domestic exercise.

Additional exercise and adjustments of medication

in some patients during the course of the trial are

methodological limitations of the present study. Yet, a

more rigid protocol, requiring patients to abstain from

any further exercise and any changes of medication for

a 16-week observation period, was not considered fea-

sible in the given clinical setting and would have

inferred a larger number of drop outs. Since small

adjustments of medication and additional exercise were

equally distributed between groups it is unlikely that

these factors were crucial for the superior outcome in

BIG. Yet, the relatively high level of additional exer-

cise (2.1–2.6 hr per week) may have influenced overall

outcome. A recent study comparing physiotherapist-

supervised and self-supervised home exercise reported

equal improvements after 8 weeks of training.27 Posi-

tive effects of intensive domestic exercise are likely to

have contributed to relatively stable follow-up perform-

ance in the HOME group and may also have blurred

effects of Nordic walking in this study. In contrast to

the present results, a 6-week Nordic walking training

was reported to improve timed walking tests, TUG,

and quality of life (PDQ-39) in a recent study.10

Endurance and velocity in long walking distances

(5–7 km) seemed to improve in patients performing

Nordic walking in the present study, but this was not

systematically assessed.

Most current physiotherapies in PD rely on compen-

satory behavior and external cueing to bypass deficient

basal ganglia function.5,7,28–30 By contrast, other proto-

cols do not focus on teaching compensations but rather

on retraining of deficient functions. Task-specific repet-

itive high-intensity exercises in PD include treadmill-

training,31 training of compensatory steps,9 walking,32

and muscle strengthening.12,33 Training of amplitude in

patients with PD was first applied to treat hypophonia

with LSVT1LOUD. Training of amplitude rather than

speed was chosen as the main focus in LSVT1LOUD

and training (BIG) since training of velocity can

induce faster movements while it does not consistently

improve movement amplitude and accuracy.34,35 In

contrast, training of amplitude results in bigger, faster,

and more precise movement.34–36

In our current understanding, deficient speed-amplitude

regulation leads to an underscaling of movement ampli-

tude at any given velocity.35,37,38 Multiple repetitions,

high intensity, and complexity are used in LSVT1LOUD

and training (BIG) to restore speed-amplitude regulation.

Continuous feedback on motor performance and training

of movement perception is used to counteract reduced

gain in motor activities resulting from disturbed sensori-

motor processing.39 Finally, the goal of training (BIG) is

to teach patients to use bigger movements in routine

activities to provide sustained training in everyday move-

ments. Detailed guidelines have been defined for

LSVT1LOUD and training (BIG)18 to ensure standar-

dized implementation in clinical practice.

The present study is the first randomized controlled

trial comparing training (BIG) with another active

intervention. Effects of training (BIG) on UPDRS-

motor-scores were superior compared to Nordic walk-

ing. Results from studies in speech therapy have shown

that improvements of voicing achieved with

LSVT1LOUD are retained for up to 2 years after

treatment14 and are associated with transfer to other

motor symptoms including mimics and swallowing.40

Preliminary results from a PET-study showed that

reduction of hypophonia after LSVT1LOUD is associ-

ated with a shift of cortical motor activation towards

subcortical areas suggesting more ‘‘automatic’’ speech

motor processing.41 Further studies are needed to eval-

uate whether training (BIG) is likewise associated with

long-term improvements, transfer effects (e.g. from

large body movements to fine motor functions or voic-

ing), and re-organization of brain activation patterns.

Note added in proof: This article was published online on
28 July 2010. An error was subsequently identified. This
notice is included in the online and print versions to indicate
that both have been corrected.

Acknowledgments: We thank Deutsche Parkinson Gesell-
schaft for financial and organizational support, Dr. Helge
Iwersen-Schmidt and staff of Zentrum für ambulante Rehabil-
itation Berlin for providing rooms and technical support and
Dr. Brigitte Wegner for support with statistics. We are also
grateful to all patients and physicians who have contributed
to the success of this study.

Financial Disclosures: Georg Ebersbach: Honoraries for
presentations from Boehringer Ingelheim Pharma, Cephalon,
Desitin Pharma, GlaxoSmithKline, Valeant, Novartis, Orion,
and Schwarz Pharma (UCB). Honoraries for consultancy and
advisory board activities from Axxonis Pharma, Boehringer
Ingelheim Pharma, Cephalon, Desitin Pharma, Valeant,
Orion, Grants from Deutsche Parkinson Gesellschaft (DPV)
and Deutsche Forschungs-Gesellschaft (DFG). Jörg Wissel:

1906 G. EBERSBACH ET AL.

Movement Disorders, Vol. 25, No. 12, 2010



Honoraries for presentations and advisory board activities
from Allergan, Eisai, Ipsen Medtronic and Merz. Andreas
Kupsch: Honoraries for presentations from Allergan, Boeh-
ringer Ingelheim Pharma, Desitin Pharma, GlaxoSmithKline,
Ipsen, Lundbeck, Merz Pharma, Medtronic, Novartis, Orion,
and Schwarz Pharma (UCB). Honoraries for advisory board
activities and consultancy from Novartis and Medtronic.
Grants from Deutsche Forschungs-Gesellschaft (DFG) and
Fresenius-Körner-Foundation.

Author Roles: Georg Ebersbach: Research project: concep-
tion and organization; Statistical analysis: design and execution;
Manuscript: writing of the first draft. Almut Ebersbach:
Research project: conception, organization, and execution; Sta-
tistical analysis: execution and review and critique; Manuscript:
review and critique. Daniela Edler: Research project: concep-
tion, organization, and execution; Manuscript: review and cri-
tique. Matthias Kusch: Research project: execution; Manu-
script: review and critique. Olaf Kaufhold: Research project:
conception, organization, and execution; Manuscript: review
and critique. Jörg Wissel: Research project: conception and or-
ganization; Manuscript: review and critique. Andreas Kupsch:
Research project: organization; Statistical analysis: review and
critique; Manuscript: review and critique.

REFERENCES

1. Keus SH, Bloem BR, Hendriks EJ, Bredero-Cohen AB, Munneke
M. Evidence-based analysis of physical therapy in Parkinson’s
disease with recommendations for practice and research. Mov
Disord 2007;22:451–460.

2. Suchowersky O, Gronseth G, Perlmutter J, Reich S, Zesiewicz T,
Weiner WJ. Practice parameter: neuroprotective strategies and al-
ternative therapies for Parkinson disease (an evidence-based
review): report of the Quality Standards Subcommittee of the
American Academy of Neurology. Neurology 2006;66:976–982.

3. Keus SH, Bloem BR, van Hilten JJ, Ashburn A, Munneke M.
Effectiveness of physiotherapy in Parkinson’s disease: the feasi-
bility of a randomised controlled trial. Parkinsonism Relat Disord
2007;13:115–121.

4. Deane KH, Ellis-Hill C, Jones D, et al. Systematic review of par-
amedical therapies for Parkinson’s disease. Mov Disord 2002;17:
984–991.

5. Morris ME, Iansek R, Matyas TA, Summers JJ. Stride length
regulation in Parkinson’s disease. Normalisation strategies and
underlying mechanisms. Brain 1996;119 (Part 2):551–568.

6. Lim I, van Wegen E, de Goede C, et al. Effects of external
rhythmical cueing on gait in patients with Parkinson’s disease: a
systematic review. Clin Rehabil 2005;19:695–713.

7. Nieuwboer A, Kwakkel G, Rochester L, et al. Cueing training in
the home improves gait-related mobility in Parkinson’s disease: the
RESCUE trial. J Neurol Neurosurg Psychiatry 2007;78:134–140.

8. Platz T, Brown RG, Marsden CD. Training improves the speed
of aimed movements in Parkinson’s disease. Brain 1998;121
(Part 3):505–514.

9. Jobges M, Heuschkel G, Pretzel C, Illhardt C, Renner C, Hum-
melsheim H. Repetitive training of compensatory steps: a thera-
peutic approach for postural instability in Parkinson’s disease.
J Neurol Neurosurg Psychiatry 2004;75:1682–1687.

10. van Eijkeren FJ, Reijmers RS, Kleinveld MJ, Minten A, Bruggen
JP, Bloem BR. Nordic walking improves mobility in Parkinson’s
disease. Mov Disord 2008;23:2239–2243.

11. Ashburn A, Fazakarley L, Ballinger C, Pickering R, McLellan
LD, Fitton C. A randomised controlled trial of a home based
exercise programme to reduce the risk of falling among people

with Parkinson’s disease. J Neurol Neurosurg Psychiatry 2007;
78:678–684.

12. Dibble LE, Hale TF, Marcus RL, Droge J, Gerber JP, LaStayo
PC. High-intensity resistance training amplifies muscle hypertro-
phy and functional gains in persons with Parkinson’s disease.
Mov Disord 2006;21:1444–1452.

13. Schenkman M, Cutson TM, Kuchibhatla M, et al. Exercise to
improve spinal flexibility and function for people with Parkin-
son’s disease: a randomised controlled study. J Am Geriatr Soc
1998;46:1207–1216.

14. Ramig LO, Sapir S, Countryman S, et al. Intensive voice treat-
ment (LSVT) for patients with Parkinson’s disease: a 2 year fol-
low up. J Neurol Neurosurg Psychiatry 2001;71:493–498.

15. Farley BG, Koshland GF. Training BIG to move faster: the
application of the speed-amplitude relation as a rehabilitation
strategy for people with Parkinson’s disease. Exp Brain Res 2005;
167:462–467.

16. Fahn S, Elton R, Committee UD. The Unified Parkinson’s Dis-
ease Rating Scale. In: Fahn S, Marsden CD, Calne D, editors.
Recent developments in Parkinson’s disease, Vol.2. Florham
Park: Macmillan Healthcare Information; 1987. pp 153–163.

17. Hughes AJ, Ben-Shlomo Y, Daniel SE, Lees AJ. What fea-
tures improve the accuracy of clinical diagnosis in Parkin-
son’s disease: a clinicopathologic study. Neurology 1992;42:
1142–1146.

18. Farley BG, Fox CM, Ramig L, Farland DC. Intensive amplitude-
specific therapeutic approaches for Parkinson’s disease. Topics
Ger Rehabil 2008;24:99–114.

19. Jenkinson C, Fitzpatrick R, Peto V, Greenhall R, Hyman N. The
Parkinson’s Disease Questionnaire (PDQ-39): development and
validation of a Parkinson’s disease summary index score. Age
Ageing 1997;26:353–357.

20. Morris S, Morris ME, Iansek R. Reliability of measurements
obtained with the timed ‘‘Up & Go’’ test in people with Parkin-
son disease. Phys Ther 2001;81:810–818.

21. Schrag A, Sampaio C, Counsell N, Poewe W. Minimal clinically
important change on the unified Parkinson’s disease rating scale.
Mov Disord 2006;21:1200–1207.

22. Jobges EM, Spittler-Schneiders H, Renner CI, Hummelsheim H.
Clinical relevance of rehabilitation programs for patients with id-
iopathic Parkinson syndrome. II: symptom-specific therapeutic
approaches. Parkinsonism Relat Disord 2007;13:203–213.

23. Keus SH, Munneke M, Nijkrake MJ, Kwakkel G, Bloem BR.
Physical therapy in Parkinson’s disease: evolution and future
challenges. Mov Disord 2009;24:1–14.

24. Goodwin VA, Richards SH, Taylor RS, Taylor AH, Campbell
JL. The effectiveness of exercise interventions for people with
Parkinson’s disease: a systematic review and meta-analysis. Mov
Disord 2008;23:631–640.

25. Sage MD, Almeida QJ. Symptom and gait changes after sensory
attention focused exercise vs aerobic training in Parkinson’s dis-
ease. Mov Disord 2009;24:1132–1138.

26. Mak MK, Hui-Chan CW. Cued task-specific training is better
than exercise in improving sit-to-stand in patients with Parkin-
son’s disease: a randomized controlled trial. Mov Disord 2008;
23:501–509.

27. Lun V, Pullan N, Labelle N, Adams C, Suchowersky O. Com-
parison of the effects of a self-supervised home exercise pro-
gram with a physiotherapist-supervised exercise program on the
motor symptoms of Parkinson’s disease. Mov Disord 2005;20:
971–975.

28. Marchese R, Diverio M, Zucchi F, Lentino C, Abbruzzese G.
The role of sensory cues in the rehabilitation of parkinsonian
patients: a comparison of two physical therapy protocols. Mov
Disord 2000;15:879–883.

29. Rubinstein TC, Giladi N, Hausdorff JM. The power of cueing to
circumvent dopamine deficits: a review of physical therapy treat-
ment of gait disturbances in Parkinson’s disease. Mov Disord
2002;17:1148–1160.

1907EXERCISE IN PARKINSON’S DISEASE

Movement Disorders, Vol. 25, No. 12, 2010



30. Thaut MH, McIntosh GC, Rice RR, Miller RA, Rathbun J, Brault
JM. Rhythmic auditory stimulation in gait training for Parkin-
son’s disease patients. Mov Disord 1996;11:193–200.

31. Miyai I, Fujimoto Y, Yamamoto H, et al. Long-term effect of
body weight-supported treadmill training in Parkinson’s disease:
a randomized controlled trial. Arch Phys Med Rehabil 2002;83:
1370–1373.

32. Lehman DA, Toole T, Lofald D, Hirsch MA. Training with
verbal instructional cues results in near-term improvement of
gait in people with Parkinson disease. J Neurol Phys Ther
2005;29:2–8.

33. Hirsch MA, Toole T, Maitland CG, Rider RA. The effects of
balance training and high-intensity resistance training on persons
with idiopathic Parkinson’s disease. Arch Phys Med Rehabil
2003;84:1109–1117.

34. Behrman A., Teitelbaum P, Cauraugh J. Verbal instructional sets
to normalise the temporal and spatial gait variables in Parkin-
son’s disease. J Neurol Neurosurg Psychiatry 1998;65:580–582.

35. Morris ME, Iansek R, Matyas TA, Summers JJ. The pathogenesis
of gait hypokinesia in Parkinson’s disease. Brain 1994;117 (Part
5):1169–1181.

36. Ramig LO, Sapir S, Fox C, Countryman S. Changes in vocal
loudness following intensive voice treatment (LSVT) in individ-
uals with Parkinson’s disease: a comparison with untreated
patients and normal age-matched controls. Mov Disord 2001;
16:79–83.

37. Ebersbach G, Sojer M, Valldeoriola F, et al. Comparative analy-
sis of gait in Parkinson’s disease, cerebellar ataxia and subcorti-
cal arteriosclerotic encephalopathy. Brain 1999;122 (Part 7):
1349–1355.

38. Horak FB, Frank J, Nutt J. Effects of dopamine on postural con-
trol in parkinsonian subjects: scaling, set, and tone. J Neurophy-
siol 1996;75:2380–2396.

39. Abbruzzese G, Berardelli A. Sensorimotor integration in move-
ment disorders. Mov Disord 2003;18:231–240.

40. Fox CM, Morrison C, Ramig L. Current perspectives on the Lee
Silverman Voice Treatment (LSVT). Am J Speech Lang Pathol
2002;11:111–123.

41. Liotti M, Ramig LO, Vogel D, et al. Hypophonia in Parkinson’s
disease: neural correlates of voice treatment revealed by PET.
Neurology 2003;60:432–440.

1908 G. EBERSBACH ET AL.

Movement Disorders, Vol. 25, No. 12, 2010


