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Objective: To investigate whether body weight–supported
treadmill training (BWSTT) is of long-term benefit for patients
with Parkinson’s disease (PD).

Design: Randomized controlled trial.
Setting: Inpatient rehabilitation unit for neurologic diseases

in Japan.
Participants: Twenty-four patients (Hoehn and Yahr stages

2.5 or 3) who were not demented (Mini-Mental State Exami-
nation score, �27).

Interventions: Patients were randomized to receive either a
45-minute session of BWSTT (up to 20% of body weight
supported) or conventional physical therapy (PT) for 3 days a
week for 1 month.

Main Outcome Measures: Outcome measures were evalu-
ated at baseline and at 1, 2, 3, and 6 months. Measures included
the Unified Parkinson’s Disease Rating Scale (UPDRS), am-
bulation speed (s/10m), and number of steps taken for a 10-m
walk as a parameter for stride length.

Results: Four patients needed modification of medications
in the follow-up period. Twenty patients (BWSTT, n�11; PT,
n�9) without modified medications were analyzed for func-
tional outcome. Age, duration of PD, gender, and doses of
medications were comparable. There was no difference in the
baseline UPDRS (BWSTT�33.3; PT�32.6), speed (BW-
STT�10.8; PT�11.5), and steps (BWSTT�23.4; PT�22.8).
The BWSTT group had significantly greater improvement than
the PT group (Mann-Whitney U test, Bonferroni adjustment
for multiple comparison) in ambulation speed at 1 month
(BWSTT�8.5; PT�10.8; P�.005); and in the number of steps
at 1 (BWSTT�20.0; PT�22.7; P�.005), 2 (BWSTT�19.5;
PT�22.4; P�.005), 3 (BWSTT�20.1; PT�23.1; P�.005),
and 4 months (BWSTT�21.0; PT�23.0; P�.006).

Conclusions: BWSTT has a lasting effect specifically on
short-step gait in PD.
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ALTHOUGH AN INTENSIVE physical rehabilitation pro-
gram is beneficial in improving activities of daily living

(ADLs) and mobility in patients with Parkinson’s disease
(PD),1 it remains unclear how long its effect is sustained. Other
strategies of neurorehabilitation for PD, such as visual, audi-
tory, or somatosensory external cues, have been reported to
improve their motor performance only temporally.2-4 In stroke
patients, however, several trials5-9 have shown multidisci-
plinary rehabilitation to be effective in improving mortality,
ADLs, mobility, medical costs, and disposition. However,
there is no specific strategy or technique that is superior to
others.10 This is partially because those rehabilitative interven-
tions are highly variable among therapists, even among those
with the same approaches, such as neurodevelopmental tech-
nique and proprioceptive neuromuscular facilitation. Locomo-
tor training on a treadmill with partial body weight supported
with an overhead harness, a pelvic belt, and thigh straps (body
weight–supported treadmill training [BWSTT]) has an advan-
tage in that it is easy to replicate in any rehabilitation facility.11

Recent studies have shown that BWSTT is effective in improv-
ing the mobility outcome of patients with spinal cord injury
(SCI),12-15 stroke,16-18 and cerebral palsy.19 Favorable short-
term effects of BWSTT on gait disturbance in PD has also been
reported.20 To investigate whether BWSTT has a lasting benefit
for PD patients, we compared functional outcomes of BWSTT
and conventional physical therapy (PT) in a randomized con-
trolled trial. We hypothesized that BWSTT has a longer effect
on gait disorder in PD than does PT.

METHODS
Twenty-four PD patients (12 men, 12 women) with Hoehn

and Yahr stage 2.5 or 3 who were not demented (Mini-Mental
State Examination [MMSE] score, �27) were enrolled in this
study. Diagnosis of PD was based on the presence of rest
tremor, bradykinesia, rigidity, positive response to levodopa,
and no evidence of vascular lesions on magnetic resonance
imaging.21 No patients exhibited on-off phenomenon, but all
patients experienced freezing phenomenon during gait. Written
informed consent was obtained from each patient, who was
then randomized to receive either 45-minute sessions of BW-
STT or 45-minute sessions of conventional PT 3 days a week
for 1 month, for a total of 12 sessions.

At the start of the BWSTT session, patients were observed
by a therapist to optimize percentage unweighing by using the
overhead harness with a pelvic belt and thigh strips attached to
a suspension system. Patients were asked to walk with 0%,
10%, 20%, and 30% of their body weight supported. In each
percentage of body weight support (BWS), patients walked at
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a pace of 0.5, 1.0, 1.5, 2.0, 2.5, and 3.0km/h, as tolerated. All
patients were most comfortable when walking with 20% of
BWS and most uncomfortable walking with 30% of BWS.
(Therefore, patients were not trained with 30% of BWS.) The
most comfortable treadmill speed differed for each patients.
Consequently, all patients were trained at 20% of BWS for 10
minutes, 10% of BWS for 10 minutes, and then 0% of BWS for
10 minutes, with a 15-minute rest in 1 session. Treadmill speed
was initiated at 0.5km/h and increased to 3.0km/h by incre-
ments of 0.5km/h as tolerated. The PT program included gen-
eral conditioning, range-of-motion exercise, ADL training, and
gait training. The time spent training in walking in PT was
equal to that spent in BWSTT. Patients in both groups also
received 45-minute sessions of occupational therapy for train-
ing of ADLs and transfers 3 days a week during the study.
Medications for PD were not modified throughout the study.

Outcome measures included the Unified Parkinson’s Disease
Rating Scale22 (UPDRS), gait speed, and the number of steps
taken for a 10-m walk at the baseline, 1, 2, 3, 4, 5 and 6 months.
For evaluation of gait speed, we measured the time required for
the 10-m walk. We assessed the number of steps as a parameter
for stride length because mean length of stride was equal to
10m�2/number of steps per 10m. Thus, fewer steps per 10m
resulted in longer strides. To measure these gait parameters,
each patient walked 10m 5 times, and we measured time and
number of steps simultaneously. Median values of the 5 walks
were used as data to ensure the reliability of the data. We also
evaluated changes in ADLs, motor, mental, and complication
subscores of the UPDRS. Patients were evaluated for func-
tional outcome at the same time of the day (10 AM–11 AM). The
Mann-Whitney U test was used for statistical analysis. Statis-
tical significance was accepted at P less than .05. To adjust for
multiple comparison (at 7 points) using the Bonferroni correc-
tion, the significance level was set at P less than .007.

RESULTS
Four patients (1 in the BWSTT group, 3 in the PT group) had

to modify their medications for PD during the follow-up pe-
riod. Thus, 20 patients (BWSTT, n�11; PT, n�9) were ana-
lyzed for functional outcome. Age, duration of PD, gender, and
doses of PD medications were comparable between the groups
(table 1). At the initial session, all patients could walk without
freezing phenomenon at higher treadmill speeds with 10% and
20% of BWS (1.0–2.0km/h) than with no BWS (0.0–1.0
km/h).

There were no differences in the baseline values of
UPDRS (BWSTT�33.3�2.9; PT�32.6�2.8), gait speed
(BWSTT�10.8�0.9s/10m; PT�11.5�1.8s/10m), and num-
ber of steps taken for the 10-m walk (BWSTT�23.4�2.3;
PT�22.8�2.2). In age-matched unimpaired subjects (n�5:
2 men, 3 women; mean age, 68.0�1.5y), the average gait
speed � standard error of the mean (SEM) was 7.9�0.6, and
the number of steps was 14.3�1.1. In patients with PD, the
BWSTT group had significantly greater improvement over
the PT group in gait speed at 1 month (BWSTT�8.5�0.7;
PT�10.8�1.8; P�.005) and in the number of steps for the
10-m walk (fig 1) at 1 (BWSTT�20.0�2.1; PT�22.7�2.0;
P�.005), 2 (BWSTT�19.5�1.7; PT�22.4�1.8; P�.005),
3 (BWSTT�20.1�1.9; PT�23.1�2.1; P�.005), and 4
months (BWSTT�20.1�1.9; PT�23.1�2.1; P�.006).
There were no significant differences in UPDRS and its
subscores between the groups after adjustments for multiple
comparisons (table 2).

DISCUSSION
In a previous study,20 we showed that BWSTT was superior

to conventional PT in improving short-term mobility outcome
in PD. In this study, we not only confirmed our previous
results, but we also found that the effects lasted for 4 months.
BWSTT was specifically effective in improving short-step gait
of PD patients.

The favorable outcome in BWSTT might be attributed to
BWS rather than to treadmill walking because all patients
initially could tolerate a higher treadmill speed when walking
with BWS than without. A controlled trial that compared the
effect of treadmill training both with and without BWS in
stroke also showed a greater efficacy with the BWS.18 How-
ever, the mechanisms responsible for the functional improve-
ment remain unclear. Clinical improvement of gait disturbance
through the use of external cues is observed only when these
cues are given2-4; it is unlikely that these external cues induce
implicit motor learning. Normal stride length can be explicitly
elicited in PD by using attentional strategies as well as external
cues.23 A lasting improvement in gait after BWSTT occurred
without using such attentional strategies. Training of arm
movements, however, resulted in task-specific motor learn-
ing.24 Neuroimaging studies have revealed reduced activity in
the medial frontal motor areas during hypokinetic gait and

Fig 1. Changes of number of steps taken for the 10-m walk. The
lower, middle, and upper horizontal lines of the boxes represent
25th, 50th, and 75th percentiles, respectively. The vertical lines
extend from the 10th to the 90th percentiles. *P<.005 (significantly
greater improvement from the baseline in the BWSTT group than in
the PT group); †P�.006, Mann-Whitney U test (significantly greater
improvement from the baseline in the BWSTT group than in the PT
group).

Table 1: Clinical Characteristics of PD Patients

BWSTT PT

Patients (n) 11 9
Sex (male/female) 5/6 5/4 NS
Age (y) 69.5�1.9 69.8�1.5 NS
Hoehn and Yahr stage 2.9�0.1 2.8�0.1 NS
Duration of PD (y) 4.1�0.8 4.5�0.7 NS
MMSE 28.3�0.5 28.7�0.6 NS
Medications

Levodopa (mg) 241.0�29.5 255.6�22.8 NS
Trihexyphenidyl (mg) 1.5�0.8 0.9�0.7 NS
Amantadine (mg) 45.0�18.4 68.8�21.0 NS
Bromocriptine (mg) 3.2�1.3 3.1�1.7 NS
Pergolide (�g) 100.0�50.0 11.1�41.5 NS
DOPS (mg) 45.5�31.2 55.6�37.7 NS

NOTE. Data are mean � SEM unless otherwise indicated.
Abbreviations: NS, not significant; DOPS, L-threo-3,4-dihydroxyphe-
nylserine (a norepinephrine precursor).
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enhanced activity of the lateral premotor cortex when gait was
improved through visual cues in PD patients.25,26 Thus, it is
possible that BWSTT induces implicit motor learning by en-
hancing such alternative brain networks. Further studies are
necessary to determine whether such reorganization of motor-
related areas also occurs consistently after BWSTT. Enhance-
ment of a central pattern generator, which has been postulated
as a mechanism for the efficacy of BWSTT for SCI11 and
stroke,27 might be also associated with functional improve-
ments seen in PD patients.

CONCLUSION
Our results suggest that BWSTT has a lasting effect on gait

disturbance in PD patients. BWSTT specifically improved
short-step gait, which is a clinical characteristic of PD, beyond
the time of the intervention. Further studies are needed to
determine if the effects of BWSTT can be realized in outpatient
clinics. If so, it might be possible to delay increasing PD
medications doses, thus reducing for a longer time the risk of
unfavorable side effects such as on-off phenomenon and dys-
kinesia. Further studies are also needed regarding the mecha-
nisms that result in clinical improvement of gait disturbance
after BWSTT.
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