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Abstract It has been hypothesized that freezing of gait
(FOG) in parkinsonian patients (PD) might be triggered by
a breakdown in the normal symmetry of gait. In this study,
we evaluated the relationship between asymmetry of gait
and FOG and the effects of intensive treadmill treatment on
asymmetry. We studied 30 patients with (FOG?) and 30
without (FOG-) freezing in ‘‘on’’ stage. Patients underwent a 4-week rehabilitation treatment using a treadmill
with auditory and visual cues and were evaluated at
enrolment and at the end of rehabilitation. Outcome measures were gait speed, stride length, asymmetry of gait, Sixminute walking test (6MWT), Unified Parkinson’s Disease
Rating Scale (UPDRS) II–III, Berg Balance Scale, Timed
Up and Go Test, comfortable-fast gait speeds, freezing of
gait questionnaire (FOGQ). At enrolment, no differences in
gait parameters were observed between the two groups,
which differed only in UPDRS_II and BBS. Both FOG?
and FOG- patients spent more time on the left foot (time
on left/time on right foot 1.37, p = 0.002, 1.18, p = 0.016,
respectively). Rehabilitation determined a homogeneous
improvement in both groups of patients for all variables
except UPDRS_II and balance, for which a better
G. Frazzitta (&)  G. Bertotti
Department of Neurorehabilitation, Scientific Institute
of Montescano, S. Maugeri Foundation IRCCS,
Via per Montescano, 27040 Montescano, PV, Italy
e-mail: giuseppe.frazzitta@fsm.it
G. Pezzoli
Parkinson Institute, Istituti Clinici di Perfezionamento,
Milan, Italy
R. Maestri
Department of Biomedical Engineering, Scientific Institute
of Montescano, S. Maugeri Foundation IRCCS,
Montescano, Italy

improvement was observed in FOG? patients. The
improvement in FOGQ in FOG? patients was significantly
correlated to the improvement in asymmetry of gait
(Spearman R = 0.46, p = 0.013). Our data support a direct
involvement of the asymmetry of gait in the development
of FOG in PD. Treadmill training is effective in improving
gait and balance in PD FOG? patients and this might be
related to a reduction of asymmetric gait.
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Introduction
Impairment of gait is an important symptom in parkinsonian patients (PD). The alteration of gait parameters
manifests from the beginning of the disease and generally
worsens over time [1]. Gait disturbances may be classified
as continuous (reduction of stride length and gait speed,
increased double support time, stride to stride variability
and left–right asymmetry) and episodic (festination and
freezing). Both types of gait disturbances are strongly
disabling because they impair mobility and worsen the
quality of life of patients [2]. Freezing of gait (FOG),
which can often lead to falls in PD, is often triggered by
environmental constraints requiring a change in gait
direction, pattern, or speed, such as getting over an
obstacle, walking in confined spaces, or reaching a
destination.
FOG is very difficult to treat pharmacologically since,
while patients with FOG in ‘‘off’’ state benefit from an
increase in levodopa dosage, patients with FOG in ‘‘on’’
state commonly show only a partial response to drugs
[3, 4].
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The use of a treadmill has proven useful in the rehabilitation of gait disorders in PD and in particular the use of
treadmill training in association with auditory or visual
cues is effective in improving FOG in PD [5, 6].
The patho-physiological mechanisms underlying FOG
are still poorly understood. The symptoms of Parkinson’s
disease generally show an asymmetric onset and progression. It has recently been hypothesized that this may lead to
a degree of asymmetric motor function, and that FOG is
triggered by a breakdown in the bilateral co-ordination
underlying the normal timing of gait.
This study was devised to evaluate the relationship
between asymmetry of gait and FOG in PD and the effects
of intensive treadmill treatment on asymmetry.

Methods
Study protocol
We screened patients with a diagnosis of ‘‘clinically
probable’’ idiopathic Parkinson’s disease according to Gelb
et al. [7], consecutively admitted to our hospital for rehabilitation treatment. Inclusion criteria were ability to walk
without any physical assistance, visual and hearing
capacity sufficient to perceive the cues, no cognitive
impairment (mini-mental state examination score [26) [8],
stable pharmacological treatment in the last 8 weeks,
Hoehn–Yahr stage 3. Patients were assigned to two groups
according to the presence or not of FOG in the ‘‘on’’ period
when performing a rapid full turn and normal gait trajectory [9].
Subjects were excluded if they had neurological conditions other than idiopathic Parkinson’s disease, postural
hypotension, cardiovascular disorders, musculoskeletal
disorders, or vestibular dysfunction limiting locomotion or
balance.
Screening was stopped when 30 patients with gait disturbance but without FOG in ‘‘on’’ stage (group 1, FOG-)
and 30 patients with FOG in ‘‘on’’ stage (group 2, FOG?)
were enrolled. All patients underwent the same rehabilitation protocol for gait disturbances and FOG using
treadmill training associated with auditory and visual cues.
A motorized medical treadmill (Locomotor Training-Biodex, USA) was used. The device is endowed with four
strain gages under the belt, sensitive to the bending of the
belt itself caused by the weight applied by the patient
walking. These gages are connected to software that allows
to reproduce the shapes of feet on the screen and to compute several gait parameters.
All patients were familiarized with the motorized
treadmill before performing the evaluation at the start of
the rehabilitation program.
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Subjects received treadmill training for 30 min every
day for 5 days/week, for 4 weeks (20 sessions in total). The
patients were observed during training by a physiatrist.
Maximum tolerated walking speed was determined
before the training session. This speed was reduced
(-40 %) and used for a 2-day warm-up period. After that,
the belt speed was increased every 3 days by 0.05 stride
cycles/s. During the training, a visual cue and an auditory
cue were used. The visual cue was a target displayed on a
screen that the patient had to reach with the stride. The
shapes of right and left foot were shown alternatively on
the screen. When the patient’s stride fell within the set
standard deviation (SD), the footfalls were synchronized
with the target shapes and ‘‘well done’’ appeared on the
screen. When the stride fell outside the SD, the footfalls
and target shapes were out of synchronization and the
patient was informed, on the screen, of which footfall was
outside of the SD and prompted to take a longer or shorter
step with the respective foot. The auditory cue consisted of
musical beats synchronized with the visual cues with a
frequency of 0.5 c/s.
The same neurologist specialized in movement disorders
and blinded to the study design examined the patients in the
morning, 1 h after they had taken levodopa during the
‘‘on’’ stage, at baseline, and at the end of the rehabilitation
treatment.
Due to the advanced stage of the disease, all patients
developed bilateral symptoms but on the basis of anamnestic data and symptoms, each patient could be classified
as being mostly affected on the right or on the left side.
This information was used to investigate whether a
dependency of the asymmetry from the most affected side
was present.
The rating scales used for the clinical evaluation were
the UPDRS II and III [10], the Freezing of Gait Questionnaire (FOGQ) [11], Six-minute walking test (6MWT),
the TUG, the Comfortable (CGS) and Fast gait speeds
(FGS) [12, 13], and the Berg Balance Scale (BBS) [14].
Among gait parameters automatically computed by the
software of the treadmill, we considered gait speed, stride
length, and time on each foot. We computed the ratio
between the time spent on the left and on the right foot
during gait, as an index of gait asymmetry (gait_asym).
The study was approved by the local Scientific Committee and Institutional Review Board (Fondazione
S. Maugeri, IRCCS, Istituto Scientifico di Montescano).
Written informed consent was obtained from all patients
before participation.
Statistical analysis
Shapiro–Wilk statistic was used to test the normality of the
distribution of all variables.
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Within-group comparisons were carried out by paired
t test or by Wilcoxon’s matched-pairs test in case of violation of the normality assumption. Between-group comparisons were carried out by unpaired t test or by Mann–
Whitney U test, if appropriate. Descriptive statistics are
given as mean ± SD.
The effect of the rehabilitation on each outcome variable
in relation to FOG was assessed by a two-factor analysis of
variance: group of patients (FOG? and FOG-) and time
(end of treatment versus baseline), with repeated measures
in the time factor.
The strength of the association between asymmetry,
FOGQ, and parameters related to gait was assessed by the
Spearman R coefficient. A p value \0.05 was considered
statistically significant. All analyses were carried out using
the SAS/STAT statistical package, release 9.2 (SAS Institute Inc., Cary, NC, USA).

Results
Table 1 reports all considered variables at admission in
FOG- (group 1) and FOG? patients (group 2). On the
overall population, the time spent on the left foot during
gait was higher than that spent on the right one (gait_asym = 1.28, p = 0.0001). This asymmetry was observed
also considering FOG- (gait_asym = 1.18, p = 0.0164)
and FOG? patients (gait_asym = 1.37, p = 0.002). Even
though there was a tendency towards a higher level of
asymmetry in FOG? patients than in FOG- patients, this
difference was not statistically significant (p = 0.13).
Considering the subgroup of patients mostly affected
on the right side, again this difference was pronounced
(gait_asym = 1.36, p = 0.0001), while in the subgroup of
patients mostly affected on the left side, the trend was
Table 1 Values at admission
in patients without (FOG-) and
with (FOG?) freezing in the
ON state

Variable

confirmed, but the difference did not reach statistical significance (gait_asym = 1.14, p = 0.16).
No statistically significant differences in variables related to gait (gait speed, stride length, percentage time on
each foot, and 6MWT) were observed between the two
groups of patients, even though a tendency towards better
performances was observed in FOG- patients. As far as
the other scales are concerned, FOG- patients showed
better values in UPDRS II and BBS scales (p = 0.001 and
p = 0.010, respectively) while TUG, CGS, and FGS were
not different.
Considering the effect of rehabilitation (Table 2), an
improvement was observed in all variables in both groups
of patients as assessed by the analysis of variance showing
a time effect p value \0.0001 for all variables except
gait_speed (p = 0.007) and gait_asym (p = 0.0002). The
improvement was homogeneous in both groups of patients
for all variables except UPDRS II and BBS scores, for
which a significant time-treatment interaction was
observed (p = 0.0059 and p = 0.0213, respectively),
indicating that the changes of these scores due to treatment
were different in FOG? and FOG- patients with a better
improvement in FOG? patients.
In FOG? patients, we found a significant correlation
between asymmetry of gait and FOGQ (Spearman R = 0.45,
p = 0.015 at enrolment), between improvements in gait
asymmetry and improvements in right stride length (R = 0.44,
p = 0.014) and between improvements in gait asymmetry and
improvement in FOGQ (R = 0.46, p = 0.013).

Discussion
FOG is a disabling phenomenon commonly observed in
patients with advanced Parkinson’s disease. Its response to
FOG-

FOG?

p value

Age (years)

70.8 ± 8.2

69.6 ± 9.1

0.589

L-DOPA (mg/day)

750 ± 277

771 ± 247

0.673

UPDRS_II

13.47 ± 4.4

18.40 ± 5.9

0.001

UPDRS_III

19.27 ± 4.4

22.03 ± 6.7

0.109

FOGQ
SixMWT (m)
Gait_speed (m/s)
Stride_length_dx (m)

4.3 ± 1.1a

13.53 ± 2.6

322.13 ± 89.5

280.88 ± 92.3

0.084

0.89 ± 0.2
0.38 ± 0.1

0.78 ± 0.3
0.36 ± 0.1

0.084
0.634

Stride_length_sx (m)

0.40 ± 0.1

0.41 ± 0.1

0.522

L-dopa dosage includes
dopamine agonists

Gait_asym

1.18 ± 0.4

1.37 ± 0.6

0.131

a

BBS

46.9 ± 10.4

43.3 ± 8.4

0.010

Values of FOGQ for patients
without freezing of gait were
obtained considering only the
first two items, pertaining to
mobility

TUG (s)

10.3 ± 3.1

11.7 ± 3.8

0.208

CGS (m/s)

1.01 ± 0.2

0.92 ± 0.3

0.247

FGS (m/s)

1.29 ± 0.3

1.16 ± 0.3

0.097
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Table 2 Changes (delta)
between discharge and
admission in all considered
variables in patients without
(FOG-) and with (FOG?)
freezing in the ON state

The p values for time effect and
for the interaction
(time 9 group) from repeated
measures analysis of variance
are also reported
a

Values of FOGQ for patients
without freezing of gait were
obtained considering only the
first two items, pertaining to
mobility

Variable

FOG?

p-time

p-interaction

UPDRS_II

-4.1

-6.5

\0.0001

0.0059

UPDRS_III

-5.8

-7.2

\0.0001

0.1223

FOGQ

-3.1a

-5.5

\0.0001

SixMWT (m)

87.0

69.9

\0.0001

0.2707

Gait_speed (m/s)

0.2

0.2

0.0069

0.5033

Stride_length_dx (m)

0.1

0.1

\0.0001

0.8743
0.4050

Stride_length_sx (m)
Gait_asym
BBS
TUG (s)

0.1

0.1

\0.0001

-0.3

-0.2

0.0002

0.1833

4.8

8.0

\0.0001

0.0213

-2.3

-2.6

\0.0001

0.4893

CGS (m/s)

0.22

0.18

\0.0001

0.4482

FGS (m/s)

0.20

0.18

\0.0001

0.6853

pharmacological treatment is highly variable. In particular,
patients showing freezing in the ‘‘on’’ state usually do not
benefit from an increase in levodopa dosage.
It remains a poorly understood phenomenon and different hypotheses have been proposed to clarify its pathogenesis [15].
In this study, we investigated the relationship between
the level of asymmetry of gait and FOG in PD and assessed
the effectiveness of a rehabilitation treatment based on
treadmill training with auditory and visual cues on gait
parameters in FOG? and FOG- patients, testing the
association between improvement of freezing and
improvements in the level of asymmetry.
At enrolment, we found no differences between FOG?
and FOG- patients in all parameters related to gait.
Interestingly, we observed a significant increase in the time
spent on left foot in the overall population. This asymmetry
was common to both groups of patients: it was more pronounced in patients mostly affected on the right side, but
the trend was confirmed also in patients mostly affected on
the left side.
Previous studies suggest that gait is more asymmetric in
patients with FOG when compared to patients without
FOG. It has been hypothesized that a higher degree of
asymmetry may lead to the development of FOG in PD
[16]. It is well known that the basal ganglia are involved in
automatic movement [17, 18] and that they provide phasic
cues to the supplementary motor area, which regulates the
control of gait [19, 20]. Impaired neuronal output from the
basal ganglia to supplementary area can lead to an uncoordinated bilateral control of gait, which, at a certain level,
may lead to FOG.
Fasano et al. [21] showed in PD with subthalamic deepbrain stimulation that the reduction of stimulation voltage
in the side controlateral to the leg with longer step length
improved frequency and duration of freezing of gait
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FOG-

through a normalization of gait symmetry and coordination. The hypothesis of an influence of gait asymmetry on
the pathogenesis of FOG might be linked to the ‘‘sequence
effect’’ hypothesis, which suggests that episodes of FOG
are determined by a progressive reduction in step length
[22, 23]. In fact, gait asymmetry, associated with a progressive step length reduction, might lead to an increased
likelihood to develop FOG through the ‘‘sequence effect’’
during overground walking [24]. Accordingly, one would
expect higher levels of asymmetry in the FOG? group of
patients. We found that even though asymmetry tended to
be higher in FOG? patients, this trend was not statistically
significant, and asymmetry of gait was observed also in
patients without freezing. We argue that this lack of a clear
difference between the two groups might be, at least in
part, explained by the fact that the genesis of FOG is
multifactorial: only when the global level of deterioration
crosses a critical threshold, FOG manifests [24].
The hypothesis of a direct involvement of the asymmetry of gait in the development of FOG is also supported
by our data on the efficacy of treadmill training on FOG.
After the training, patients with FOG improved significantly the score at FOGQ and this improvement was significantly correlated to a reduction in the level of
asymmetry.
Another novel interesting finding is the fact that asymmetry seems to have a dominant side, regardless of the side
of disease. In fact, patients with prevalent right-side disease
showed a marked asymmetry toward the left side, while the
asymmetry toward the left side in patients mostly affected
on the left side was confirmed as a trend but the difference
was not statistically significant. These findings support the
hypothesis of a prevalent involvement of the dominant
hemisphere in PD [25, 26].
The mechanism by which treadmill training improves
asymmetry of gait might be associated with the fact that
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treadmill with cues helps the patients by the feedback
received from the treadmill, to correct the asymmetric step.
This exercise allows the patient a progressive reduction of
gait asymmetry.
Johnsen and colleague obtained similar results using the
DBS of the subthalamic nucleus: when the DBS was ON,
patients improved stride length, gait velocity, and reduced
asymmetry between the right and left side. The authors
concluded that it is possible to reduce asymmetry of gait
and to improve balance using DBS [27].
Also in our study, an improvement of balance after the
rehabilitation treatment was observed, and the improvement was better in FOG? patients.
Indeed, at the end of treatment, both groups of patients
showed an improvement in all the parameters used to
evaluate the efficacy of training. Besides BBS, the FOG?
patients showed a better improvement also for UPDRS II.
These data confirm the previous studies on the efficacy of a
treadmill to improve autonomy in daily life [28, 29].
There are two different mechanisms likely to be
involved in these results: a central and a peripheral role of
treadmill on asymmetry of gait and freezing. The first
mechanism is related to the effect that an intensive treadmill treatment might have on neuroplasticity. Both in
unilateral and bilateral models of PD, intensive treadmill
exercise produced improvement in motor symptoms, which
was related to a reduction in the neurochemical deficit [30–
33]. An increase in DA D2 receptors in the striatum was
demonstrated by means of positron emission tomography
imaging in MPTP treated mice after high-intensity treadmill exercises [34]. Overall, these findings show that
intensive exercise exerts beneficial effects on DA transmission in parkinsonian mice models. These neuroplastic
effects of intensive exercise are probably related to an
increased expression of several neurotrophic factors, in
particular brain-derived neurotrophic factor (BDNF) and
glia-derived neurotrophic factor (GDNF) [35–38].
The second mechanism is related to a possible positive
action on the spinal pattern generators (SPGs), which can
produce automatic walking independent of higher central
nervous system control. SPGs produces contraction/inhibition patterns within different muscle groups by alternating bursts to inhibit each other so that only one is active at
a time [39]. Treadmill associated with cues might lead to
an improvement of this mechanism in PD.
The FOG is one of the most important challenges in the
treatment of PD. Our data indicate that treadmill training is
effective in improving asymmetry of gait and balance in
PD and in improving freezing in FOG? patients. We
speculate that this improvement might be related to a
reduction in the level of asymmetric gait, thus providing
new ideas for the development of therapeutic rehabilitative
strategies to improve the quality of life in these patients.

Study limitations
Since gait speed, stride length, and time spent on each foot
were computed using the motorized treadmill, the extrapolation of obtained results to overground walking is not
straightforward.
For example, gait asymmetry as computed in this study, is
an ‘‘average value’’ obtained during steady walking on the
treadmill. This is quite different from asymmetry as observed
during the sequence effect [22], where a time-varying phenomenon is considered and the progressive increase in
asymmetry as stride length shortens till freezing takes place
is studied. We argue that the degree of asymmetry could be
higher in the steps immediately preceding the appearance of
FOG. This could be another reason to explain why the differences we observed in gait asymmetry between the two
groups did not reach statistical significance.
However, we also considered gait parameters such as
CGS, FGS, and the 6MWT, which were carried out with
the patients walking in a straight line in a gymnasium,
without using cues. Our results indicate that these parameters also show an overall improvement. Moreover, several
papers from us and different groups demonstrated that gait
improvement achieved with treadmill translates to overground gait, and that beneficial effects persist over time.
Conflicts of interest
of interest.

The authors declare that they have no conflicts

Ethical standards All studies carried out in our Institution are in
accordance with the ethical standards laid down in the Declaration of
Helsinki and all participants give their informed consent prior to their
inclusion in the study.

References
1. Baltadjieva R, Giladi N, Gruendlinger L, Pertz C, Hausdorff JM
(2006) Marked alterations in the gait timing and rhythmicity of
patients with de novo Parkinson’s disease. Eur J Neurosci
24:1815–1820
2. Bloem BR, Hausdorff JM, Visser J, Giladi N (2004) Falls and
freezing of gait in Parkinson’s disease: a review of two interconnected, episodic phenomena. Mov Dis 19:871–884
3. Schaafsma JD, Balash Y, Gurevich T, Bartels AL, Hausdorff JM,
Giladi N (2003) Characterization of freezing of gate subtypes and
response of each to levodopa in Parkinson’s disease. Eur J Neurol
10:391–398
4. Poewe W, Granata R (1997) Pharmacological treatment of Parkinson’s disease. In: Watts RL, Koller WC (eds) Movement
disorders: neurologic principles and practice. McGraw-Hill, New
York
5. Mehrholz J, Friis R, Kugler J, Twork S, Storch A, Pohl M (2010)
Treadmill training for patients with Parkinson’s disease. Cochrane Database Syst Rev (1):CD007830
6. Frazzitta G, Maestri R, Uccellini D, Bertotti G, Abelli P (2009)
Rehabilitation treatment of gait in patients with Parkinson’s
disease with freezing: a comparison between two physical

123

J Neurol

7.
8.

9.

10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

22.

23.

therapy protocols using visual and auditory cues with or without
treadmill training. Mov Disord 24:1139–1143
Gelb DJ, Oliver E, Gilman S (1999) Diagnostic criteria for Parkinson disease. Arch Neurol 56:33–39
Folstein M, Folstein S, McHugh P (1975) ‘‘Mini-mental state’’ a
practical method for grading the cognitive state of patients for the
clinician. J Psychiatr Res 12:189–198
Snijders AH, Haaxma CA, Hagen YJ, Munneke M, Bloem BR
(2012) Freezer or non-freezer: clinical assessment of freezing of
gait. Parkinsonism Relat Disord 18:149–154
Fahn S, Elton RL (1987) Unified Parkinson’s disease rating scale.
In: Fahn S, Marsden CD, Calne D, Goldstein M (eds) Recent
developments in Parkinson’s disease. Macmillan Health Care
Information, Florham Park
Giladi N, Shabtai H, Simon ES, Biran S, Tal J, Korczyn AD
(2000) Construction of freezing of gait questionnaire for patients
with parkinsonism. Parkinsonism Relat Disord 6:165–170
Steffen TM, Hacker TA, Mollinger L (2002) Age-and genderrelated test performance in community-dwelling elderly people:
Six-minute walk test, Berg Balance Scale, Timed Up & Go Test,
and gait speeds. Phys Ther 82:128–137
Morris S, Morris ME, Iansek R (2001) Reliability of measurements obtained with the timed ‘‘Up & Go’’ test in people with
Parkinson’s disease. Phys Ther 81:810–818
Berg KO, Wood-Dauphinee SL, Williams JI, Maki B (1992)
Measuring balance in the elderly: validation of an instrument.
Can J Public Health 83:S7–S11
Nutt JG, Bloem BR, Giladi N, Hallett M, Horak FB, Nieuwboer
A (2011) Freezing of gait: moving forward on a mysterious
clinical phenomenon. Lancet Neurol 10:734–744
Plotnik M, Giladi N, Balash Y, Peretz C, Hausdorff JM (2005) Is
freezing of gait in Parkinson’s disease related to asymmetric
motor function? Ann Neuro 57:656–663
Morris ME, Maryas TA, Iansek R, Summers JJ (1996) Temporal
stability of gait in Parkinson’s disease. Phys Ther 76:763–777
Cunnington R, Iansek R, Bradshaw JL (1999) Movement-related
potentials in Parkinson’s disease: external cues and attentional
strategies. Mov Disord 14:63–68
Yazawa S, Shibasaki H, Ikeda A, Tarada K, Nagamine T, Honda
M (1997) Cortical mechanism underlying externally cued gait
initiation studied by contingent negative variation. Electroencephalogr Clin Neurophysiol 105:390–399
Fukuyama H, Ouchi Y, Matsuzaki S et al (1997) Brain functional
activity during gait in normal subjects: a SPECT study. Neurosci
Lett 228:183–186
Fasano A, Herzog J, Seifert E et al (2011) Modulation of gait
coordination by subthalamic stimulation improves freezing of
gait. Mov Disord 26:844–851
Iansek R, Huxham F, McGinley J (2006) The sequence effect and
gait festination in Parkinson disease: contributors to freezing of
gait? Mov Disord 21:1419–1424
Chee R, Murphy A, Danoudis M, Georgiou-Karistianis N, Iansek
R (2009) Gait freezing in Parkinson’s disease and the stride
length sequence effect interaction. Brain 132:2151–2160

123

24. Plotnik M, Giladi N, Hausdorff JM (2012) Is freezing of gait in
Parkinson’s disease a result of multiple gait impairments?
Implications for treatment. Parkinson’s Dis 2012:459321 [Epub
Jan 12]
25. Plotnik M, Hausdorff J (2008) The role of gait rhythmicity and
bilateral coordination of stepping in the pathophysiology of
freezing of gait in Parkinson’s disease. Mov Disord 23:S444–
S450
26. Djaldetti R, Ziv I, Melamed E (2006) The mystery of motor
asymmetry in Parkinson’s disease. Lancet Neurol 5:796–802
27. Johnsen E, Mogensen P, Sunde N, Ostergaad K (2009) Improved
asymmetry of gait in Parkinson’s disease with DBS: gait and
postural instability in Parkinson’s disease treated with bilateral
deep brain stimulation in the subthalamic nucleus. Mov Disord
24:590–597
28. Miyai I, Fujimoto Y, Ueda Y et al (2000) Treadmill training with
body weight support: its effect on Parkinson’s disease. Arch Phys
Med Rehabil 81:849–852
29. Toole T, Maitland CG, Warren E, Hubmann MF, Pantom L
(2005) The effects of loading and unloading treadmill walking on
balance, gait, fall risk, and daily function in parkinsonism.
NeuroRehabilitation 20:307–322
30. MacRae PG, Spirduso WW, Cartee GD, Farrar RP, Wilcox RE
(1987) Endurance training effects on striatal D2 dopamine
receptor binding and striatal dopamine metabolite levels. Neurosci Lett 79:138–144
31. Liste I, Guerra MJ, Caruncho HJ, Labandeira-Garcia JL (1997)
Treadmill running induces striatal Fos expression via NMDA
glutamate and dopamine receptors. Exp Brain Res 115:458–468
32. Tillerson JL, Caudle WM, Reveron ME, Miller GW (2003)
Exercise induces behavioural recovery and attenuates neurochemical deficits in rodent models of Parkinson’s disease. Neuroscience 119:899–911
33. Tajiri N, Yasuhara T, Shingo T et al (2010) Exercise exerts
neuroprotective effects on Parkinson’s disease model of rats.
Brain Res 1310:200–207
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