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fficacy of a Physical Therapy Program in Patients With
arkinson’s Disease: A Randomized Controlled Trial
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ABSTRACT. Ellis T, de Goede CJ, Feldman RG, Wolters
C, Kwakkel G, Wagenaar RC. Efficacy of a physical therapy
rogram in patients with Parkinson’s disease: a randomized
ontrolled trial. Arch Phys Med Rehabil 2005;86:626-32.

Objective: To investigate the effects of a physical therapy (PT)
rogram in groups of people with Parkinson’s disease (PD).

Design: Randomized controlled trial with a crossover
esign.
Setting: Two outpatient rehabilitation clinics in Boston and

msterdam, respectively.
Participants: Sixty-eight subjects diagnosed with typical,

diopathic PD, Hoehn and Yahr stage II or III, and stable
edication use.
Intervention: Group A received PT and medication therapy

MT) for the first 6 weeks, followed by MT only for the second
weeks. Group B received only MT for the first 6 weeks and

T and MT for the second 6 weeks.
Main Outcome Measures: The Sickness Impact Profile

SIP-68), the mobility portion of the SIP-68, the Unified
arkinson’s Disease Rating Scale (UPDRS), and comfortable
alking speed (CWS) at baseline, 6-week, 12-week, and
-month follow-up.
Results: At 6 weeks, differences between groups were sig-

ificant for the SIP mobility (P�.015; effect size [ES]�.55),
or CWS (P�.012; ES�.49), for the activities of daily living
ADL) section of the UPDRS (P�.014; ES�.45), and for the
otal UPDRS (P�.007; ES�.56). The total SIP and the men-
ation and motor sections of the UPDRS did not differ signif-
cantly between groups. Significant differences were found at 3
onths compared with baseline for CWS, the UPDRS ADL,

nd total scores.
Conclusions: People with PD derive benefits in the short

erm from PT group treatment, in addition to their MT, for
uality of life related to mobility, CWS, and ADLs; long-term
enefits were found in CWS, UPDRS ADL, and total scores
ut varied between groups.
Key Words: Parkinson disease; Physical therapy; Random-

zed controlled trials; Rehabilitation.
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ARKINSON’S DISEASE (PD) is a progressive neurologic
disorder characterized by insidious onset. The first clinical

igns occur when about 60% of the dopamine-producing cells
n the substantia nigra have degenerated.1 The mean age of
nset of PD is in the mid fifties, with increasing incidence and
revalence as age increases.2 With an estimated prevalence of
28 to 187 per 100,000 and an annual incidence of 20 per
00,000, PD is among the most common neurologic diseases.3

espite dopaminergic medication, dopamine agonists, mono-
mine oxidase type B inhibitors, catechol O-methyltransferase
nhibitors, and in some cases surgical intervention, people face

relentless deterioration in mobility and activities of daily
iving (ADLs). The clinical hallmarks of the disease include
igidity, bradykinesia, tremor, and loss of postural control.4

hese impairments lead to a decline in functional status such
hat people with PD have difficulty with tasks such as walking,
ising from a chair, and moving in bed. This decrease in
unctional status often results in a loss of independence and a
ecline in quality of life (QOL). The rate of progression varies
idely among the PD population, ranging from 2 to 30 years
ntil severe disability or death.2 Given the large number of
eople affected by this disease, the long life span after diag-
osis, the progressive nature of PD, and the short duration of
edication effectiveness, it is critical to identify additional

nterventions to maximize QOL and functional status while
inimizing the burden on society.
A number of intervention studies have investigated the effi-

acy of physical therapy (PT) and medication therapy (MT) in
eople with PD. Most studies reveal the positive effects of PT
n patients with PD. A meta-analysis5 of 12 studies, classified
s true or quasi-experiments, investigating the effects of PT
nd medications in subjects with PD showed a significant
ummary effect size (ES) for ADLs (.40), stride length (.46),
nd walking speed (.49). The summary ES for neurologic signs
.22) was not significant. A meta-analysis6 of 16 studies inves-
igating the effects of occupational therapy (OT)�related treat-

ents for subjects with PD revealed a significant summary ES
or outcomes classified at the capabilities and abilities level
.50), the activities and tasks level (.54), and on overall out-
omes (.54). The results of this meta-analysis also suggested
mall to moderate positive effects of OT-related interventions
n subjects with PD. In both systematic reviews by Deane et
l,7,8 however, it was concluded that there was not enough
vidence to reject or to support the efficacy of PT for patients
ith PD. Marked methodologic flaws of most of the studies in

he authors’ opinions, did not allow for a meta-analytic review
f the data presented. In addition to the methodologic flaws in
he PD rehabilitation literature, there is also a lack of emphasis
n measuring QOL changes after participation in a rehabilita-
ion program. Focus has been on impairment-level changes in

otor status and on changes in function with regard to mobil-
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ty, but the impact of rehabilitation on QOL is largely un-
nown.
The primary objective of our study was to investigate the

fficacy of group PT intervention in subjects with PD across 2
ites by conducting a large randomized controlled trial (RCT)
ith QOL as the primary outcome measure. In this RCT, it was
ypothesized that people in the early to middle stages of PD
articipating in a group PT program 1.5 hours, 2 days a week
or 6 weeks, added to MT, would benefit in terms of QOL,
unctional status, and neurologic impairments compared with a
ontrol condition of MT only. In addition, it was hypothesized
hat subjects would show a larger gain during the intervention
eriod than during the control period and that these gains
ould be maintained for 3 months postintervention.

METHODS

articipants
A total of 68 subjects diagnosed with typical, idiopathic PD

articipated in this study, which was conducted at 2 sites.
hirty-seven subjects participated at the Boston site in the
nited States, and 31 participated at the Amsterdam site in the
etherlands. At the Boston site, subjects were recruited from

he Department of Neurology at Boston Medical Center and
rom local support groups in the Boston area. At the Amster-
am site, subjects were recruited from the Department of
eurology at Vrije Universiteit Medical Center. All subjects
et the following inclusion criteria: (1) stable medication

sage; (2) Hoehn and Yahr stage II or III; (3) at least 1 score
f 2 or more for at least 1 limb for either the tremor, rigidity,
r bradykinesia item of the Unified Parkinson’s Disease Rating
cale (UPDRS); (4) ability to walk independently; (5) age 35

o 75 years; (6) no severe cognitive impairments (Mini-Mental
tate Examination score, �24); (7) no other severe neurologic,
ardiopulmonary, or orthopedic disorders; and (8) not having
articipated in a PT or rehabilitation program in the previous 2
onths. All subjects were required to sign an informed consent

ocument approved by the institutional review boards at Bos-
on University and Vrije Universiteit Medical Center.

tudy Design
This study was an RCT with a crossover design, taking place

uring a 6-month period (fig 1). Recruitment began in 1997,
nd the study was completed in 2001. A power analysis based
n the Sickness Impact Profile (SIP-68), our primary outcome
easure, indicated that a minimum of 60 subjects was neces-

ary to have sufficient power (based on an estimated ES of 0.4)
o detect differences in efficacy between the 2 conditions.5

ithin each site, 8 subjects were randomly allocated to 2
roups by the investigators who were not involved in data
ollection, treatment implementation, or data analysis. A block
andomization procedure was used in which each sealed enve-
ope contained 4 group A assignments and 4 group B assign-
ents. This process continued until a total of 68 subjects were

andomly allocated. Subjects in group A started with a 6-week
T program added to their MT, followed by a 6-week control
eriod during which only MT was received. Subjects in group
began with an initial 6-week control period consisting of MT

nly, followed by a 6-week intervention period consisting of
oth PT and MT. The PT program comprised 12 sessions, each
.5 hours long, 2 times a week during a 6-week period. Base-
ine assessments were done before randomization (t0), after the
nitial 6 weeks (t6), and after the second 6-week period (t12).

final assessment was conducted 3 months (t24) after the

econd 6-week period. An investigator blinded to group assign- i
ent conducted all assessments. For each subject, all assess-
ent sessions were performed at the same time of day, and all

ests were performed in the same order, to control for variations
n performance because of medication cycle. All assessments
ere conducted in the “on” state for those subjects experienc-

ng motor fluctuations. All subjects were required to take their
edications at the same time of day for all assessment sessions.

ssessments
The SIP-689 is a modified version of the SIP-136. It explains

4% of the total variance of the original SIP-136. Although the
IP was originally designed to assess changes in behavior as

he result of disease, recent intervention studies have shown it
o be responsive to detect treatment efficacy.10 Six domains of
ealth-related functional status (ie, somatic autonomy, mobility
ontrol, psychological autonomy and communication, social
ehavior, emotional stability, mobility range) were evaluated
y using the SIP-68.11 Scores from 3 of these domains (ie,
omatic autonomy, mobility control, mobility range) were used
o comprise the SIP mobility score. These mobility domains
onsist of items evaluating functional mobility, ADLs, and
nstrumental ADLs such as housecleaning, shopping, or wash-
ng clothes. A high score indicates poor health-related func-
ional status. Post et al11 have shown that the instrument is
alid and highly reliable. Sections I, II, and III of the UPDRS
ere used to assess impairments and functional status.12 Sec-

ion I consists of 4 items measuring mentation, behavior, and
ood. Section II measures ADLs and consists of 13 items (eg,

ressing, falling, walking, turning in bed, cutting food). The

ig 1. Study design and flow of participants through each stage of
he trial.
nformation in sections I and II was obtained through subject

Arch Phys Med Rehabil Vol 86, April 2005
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A

nterview. Section III measures the motor system status and
onsists of 14 items (eg, severity of rigidity, bradykinesia, and
remor, as well as coordination of rapid alternating movement
f the upper and lower extremities). The information was
btained through examination. Each item in all sections is rated
n a 5-point ordinal scale. The UPDRS has been administered
n several large clinical trials and is reliable and valid.12 Co-
ella et al13 have shown the responsiveness of the total UP-
RS score and the ADL and motor subsections.
To assess comfortable walking speed (CWS), subjects were

sked to walk on the treadmill without holding on for support.
or safety, standby supervision was provided, but no physical
ssistance was given. Subjects were allowed a 5-minute prac-
ice period to become accustomed to the treadmill. The re-
earcher proceeded to gradually increase the speed of the
readmill, asking the subject to identify when walking pace was
ost comfortable. Subjects were not aware of the numerical

alue associated with walking speed, in an effort to avoid
ncouraging them to replicate a previously attained walking
peed or to walk faster. The speed was repeatedly decreased
nd increased around the CWS, to facilitate subjects’ ability to
istinguish slow, comfortable, and fast walking speeds. Mea-
uring walking velocity on a treadmill is both a valid and a
eliable measure.14 Gait velocity is a clinically relevant out-
ome measure and is responsive in several patient populations,
ncluding those diagnosed with PD.15,16

ehabilitation Program
The rehabilitation program consisted of 12 sessions, each 1.5

ours long, 2 times a week for 6 weeks. All treatment sessions
ccurred at the same time of day on the same 2 days of the
eek throughout the study. Intervention was conducted in a
roup format, in which 4 subjects participated in the program
ed by 1 licensed physical therapist and assisted by 1 to 2 PT
tudents. A total of 3 licensed physical therapists at each site
articipated in 2 training sessions in the treatment outlined by
he investigators. The physical therapists involved in perform-
ng the intervention were not involved in conducting any as-
essments. The treatment consisted of cardiovascular warm-up
ctivities (5min), stretching exercises (15min), strengthening
xercises in a functional context (15min), functional training
15min), gait training overground and on a treadmill with
xternal auditory cueing (15min), balance training and recre-
tional games (15min), and relaxation exercises (10min). There
s evidence in the literature to support each of the components
ontained in the intervention.16-22

tatistical Analysis
The following findings would support the hypothesis that the

T program was beneficial in terms of QOL, functional limi-
ations, and neurologic impairments: (1) during the first 6
eeks (t0 to t6), group A should show a greater improvement

han group B; (2) group A should show a greater improvement
uring the rehabilitation period (t0 to t6) than during the
ontrol period (t6 to t12); (3) group B should show a greater
mprovement during the rehabilitation period (t6 to t12) than
uring the control period (t0 to t6); (4) if group A improves
uring the intervention period, the gains will be maintained
fter the control period (t6 to t12) in comparison with baseline
easurements; and (5) if both groups improve during the

ntervention periods, these gains will be maintained (t24) in
omparison with baseline measurements (t0 to t24).

Differences in baseline outcome measures between groups
ere analyzed by using the Mann-Whitney U test. Two-way
nalysis of variance (ANOVA) with repeated measures was s

rch Phys Med Rehabil Vol 86, April 2005
sed to analyze for main effects of group and time and the
nteraction effect between group and time. If a significant
nteraction effect for time and group was found, the following
ost hoc analyses were performed: (1) a between-group (group

vs group B) comparison with respect to the first 6 weeks (t0
o t6) of the design using a contrast analysis (hypothesis 1), (2)
within-group comparison between rehabilitation and control

eriods (change scores from t6 to t0 vs t12 to t6) by using a
ilcoxon signed-rank test (hypotheses 2, 3), and (3) a com-

arison between follow-up and baseline measures (t24 vs t0)
or both groups by using a Wilcoxon signed-rank test (hypoth-
ses 4, 5). The level of significance was set at .05. For each
utcome, the ES of Hedge’s g and the 95% confidence interval
CI) were calculated. The ES of g was calculated by taking the
ifference between the means of group A and group B divided
y the average population standard deviation (SD). To estimate
he SD for g, baseline estimate SDs of groups A and B were
ooled.23 All data analyses were performed by using the SPSS
rofessional Statistics, version 10.1 software,a for Windows.

RESULTS
A total of 68 subjects (37 from Boston, 31 from Amsterdam)
et the inclusion criteria, consented to participate, completed

aseline assessments, and were randomly allocated to either
roup A or group B (see fig 1). All subjects completed all
aseline assessments except for the UPDRS, which was not
dministered to 11 subjects admitted to the study. Sixty-three
ubjects completed the intervention. Two subjects withdrew
rom treatment because of medical complications unrelated to
D, 2 withdrew because of a decline in cognitive status, and 1
ithdrew secondary to a conflicting work schedule. Sixty-five

ubjects participated in assessments at t6. The 3 subjects who
ithdrew during the intervention period did not participate in

ssessments at t6. Sixty subjects participated in assessments at
12. Two subjects who did not complete the intervention did
ot participate in assessments at t12. In addition, 3 other
ubjects had scheduling conflicts and were not included in
ssessments at t12. Fifty-seven subjects participated in assess-
ents at t24. Three additional subjects were lost to follow-up,
because of unrelated medical complications and 2 because of

cheduling conflicts.
Data from 68 subjects were used to perform the analysis on

aseline characteristics, SIP, SIP motor, and CWS. Data from
7 subjects were used to perform the baseline analysis on all
ections of the UPDRS. Analyses at t6, t12, and t24 were
erformed on those subjects with complete data sets (tables 1,
). Subjects with missing data were excluded from the initial
nalysis.

A subject’s attendance in the rehabilitation program was
ecorded at each session to monitor compliance. Of the 68
ubjects, 50 attended all treatment sessions, 10 missed 1 ses-
ion, 4 missed 2 sessions, and 1 missed 3 sessions. Three
ubjects dropped out after t0 and did not attend any treatment
essions.

In table 3, the baseline characteristics (ie, age, sex, Hoehn
nd Yahr stage) and baseline intake values of all dependent
ariables are presented for all subjects combined, for groups A
nd B separately, and for site 1 and 2 separately. Baseline
haracteristics and intake values for all dependent measures of
ubjects in group A did not differ significantly from those in
roup B. Baseline characteristics of subjects at site 1 did not
iffer significantly from those at site 2. However, there were
ignificant differences between sites with respect to baseline
IP total, SIP motor, UPDRS III, UPDRS total, and CWS

cores, which suggests differences in disease severity between
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he 2 samples. No significant differences in baseline UPDRS I
nd II scores with respect to sites were found.

For the SIP-68, no significant interaction effect between
roup and time was observed. In addition, no significant main
ffects for group or time were revealed (see tables 1, 2). An ES
or the total SIP score of 0.1 (95% CI, �.44 to .64) is consistent
ith our lack of significant findings on this global QOL mea-

ure.

Table 1: Baseline Values and Changes

Variable Group Baseline

SIP A 85.0�9.5
B 83.4�8.2

SIP mobility A 46.1�4.9
B 45.0�4.0

UPDRS I (mentation) A 3.1�1.8
B 3.0�1.8

UPDRS II (ADLs) A 13.2�4.6
B 13.0�4.1

UPDRS III motor A 28.9�8.4
B 31.5�7.8

UPDRS total A 45.3�10.7
B 47.4�10.7

CWS A .77�.30
B .83�.34

OTE. Values are mean � SD. A decrease in SIP, SIP mobility, an
nalyses were performed only on those measures for which a sign
ignificance set at P�.05.
Significant between-group differences (contrast analysis).
Significant differences within groups comparing intervention and c
Significant differences between follow-up and baseline periods (W

Table 2: Gro

Variable

ANOVA (t0 to t1

G T

SIP total df�1,57 df�2,114
Group A (n�30) F�.02 F�1.66
Group B (n�29) (NS, P�.88) (NS, P�.20)

SIP motor df�1,57 df�2,114
Group A (n�30) F�.03 F�1.76
Group B (n�29) (NS, P�.88) (NS, P�.18)

UPDRS I df�1,48 df�2,96
Group A (n�25) F�.17 F�12.2
Group B (n�25) (NS, P�.68) (P�.001)

UPDRS II df�1,48 df�2,96
Group A (n�25) F�.90 F�9.8
Group B (n�25) (NS, P�.35) (P�.001)

UPDRS III df�1,48 df�2,96
Group A (n�25) F�5.35 F�3.05
Group B (n�25) (P�.025) (NS, P�.52)

UPDRS total df�1,48 df�2,96
Group A (n�25) F�4.88 F�11.4
Group B (n�25) (P�.032) (P�.001)

CWS (m/s) df�1,59 df�2,118
Group A (n�31) F�.01 F�15.5
Group B (n�30) (NS, P�.94) (P�.001)

OTE. Results of statistical analysis for all patients between groups A

, II, III, and total; and CWS during the first 12 weeks (t0 to t12) and durin
bbreviations: G, group; NS, not significant; T, time.
A significant interaction effect between group and time was
ound for the SIP mobility scores. Post hoc analysis revealed a
ignificant difference between groups (P�.015) after the initial
-week intervention period (t0 to t6), which indicates a signifi-
antly improved QOL score as it relates to physical mobility
ompared with the control period (see table 2). An ES for the SIP
obility score of .55 (95% CI, 0.0�1.1) is consistent with these

ignificant findings. No significant main effects for group and time

Baseline for All Outcome Measures

Measurements

6 Weeks 12 Weeks 24 Weeks

�1.5�5.3 �1.3�3.9 �0.2�4.7
�0.5�4.4 0.5�5.3 1.3�5.9
�1.5�3.1* �0.8�2.9† �0.7�2.9

0.2�2.7* 0.3�2.5 0.9�2.8
�1.1�1.6 �0.8�1.3 �1.0�1.6
�0.5�1.3 �0.9�1.3 �0.4�2.0
�2.1�2.8* �2.2�2.8† �1.8�3.2‡

�0.3�2.3* �1.0�3.1 �0.0�3.2
�3.0�6.6 �2.6�7.8 �3.5�8.6
�0.2�5.3 �1.4�5.2 �1.5�6.7
�6.2�6.2* �5.7�8.5† �5.3�11.6‡

�1.0�6.0* �3.4�7.4 �1.9�8.1
.16�.22* .14�.25† .06�.24
.01�.21* .19�.29† .09�.24‡

UPDRS scores indicates an improvement in status. Within-group
t interaction effect between group and time was found. Statistical

l periods (Wilcoxon signed-rank test).
n signed-rank test).

omparisons

Post Hoc Analysis (t0 to t6)

T�G T T�G

df�2,114
F�.91
(NS, P�.41)
df�2,114 df�1,57 df�1,57
F�3.48 F�3.24 F�6.3
(P�.034) (NS, P�.08) (P�.015)
df�2,96
F�.81
(NS, P�.48)
df�2,96 df�1,48 df�1,48
F�2.96 F�11.1 F�6.58
(P�.057) (P�.002) (P�.014)
df�2,96 df�1,48 df�1,48
F�.99 F�3.09 F�2.2
(NS, P�.38) (NS, P�.085) (NS, P�.145)
df�2,96 df�1,48 df�1,48
F�2.7 F�17.0 F�8.05
(P�.069) (P�.001) (P�.007)
df�2,118 df�1,59 df�1,59
F�5.5 F�11.3 F�6.67
(P�.005) (P�.001) (P�.012)

B, with respect to total SIP score; SIP motor score; UPDRS sections
From

d all
ifican
up C

2)

and

g the first 6 weeks (t0 to t6).
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A

ere found. A within-group analysis for group A showed signif-
cantly larger improvements (P�.019) in SIP mobility change
cores during t0 to t6 compared with t6 to t12 (see table 1).
owever, these gains were not sustained after the control period
ecause there was no significant difference from t0 to t12 in group
. A within-group analysis for group B revealed no significant
ifferences between the control period and the intervention peri-
ds (see table 1). With regard to long-term effects, a comparison
etween baseline (t0) and follow-up (t24) SIP mobility scores
howed no significant differences for either group A or group B
see table 1). The latter finding indicates that at 24 weeks post-
tudy, subjects’ QOL, as measured by the SIP mobility, was
imilar to baseline status.

An interaction effect between group and time approached sig-
ificance (P�.069) for the total UPDRS scores. In addition, a
ignificant main effect for group was found warranting further
ost hoc analysis. Post hoc analysis revealed a significant differ-
nce between groups at t6 (P�.007), which indicates a signifi-
antly improved status in group A after the intervention period
ompared with group B during the control period (see table 2). An
S of .56 (95% CI, .28 to .84) for the total UPDRS score supports

hese findings. A significant main effect of time was found
P�.001), which indicates that both groups improved over time. A
ithin-group analysis for group A revealed a significant improve-
ent (P�.04) between total UPDRS change scores from t0 to t6

o t6 to t12. These gains were maintained during the control period
ecause there was a significant difference (P�.002) between t0
nd t12 in group A. A comparison between t0 and t24 revealed a
ignificant difference for group A (P�.021), which indicates that
he long-term effects were maintained. A within-group analysis
or group B, comparing the control period with the intervention
eriod, was not statistically significant. No significant long-term
ffects were found for group B (see table 1).

No significant interaction effect between group and time was
bserved for the UPDRS I (mentation, behavior, mood) scores
see table 2). However, there was a significant main effect for
ime. No significant main effect for group was found. An ES of
38 (95% CI, �.17 to .93) for the UPDRS section I (mentation)
upports these nonsignificant findings.

For the UPDRS II (ADL) scores, the interaction effect
etween group and time approached significance (P�.057),
arranting further post hoc analysis. Post hoc analysis revealed
significant difference between groups (P�.014) after the

nitial 6-week intervention period (t0 to t6), which indicates an
mproved ADL score in group A compared with the control

Table 3: Baseline Characteristics of All Study

Variable All Subjects Group A

Patients (n) 68 35
Age (y) 64�8.6 64�8.4
Hoehn and Yahr 2.4�0.5 2.5�0.5
Sex (M/F) 51/17 25/10
SIP total score 84.3�8.9 85.0�9.5
SIP motor score 45.6�4.5 46.1�4.9
UPDRS I score 3.1�1.8 3.1�1.8
UPDRS II score 13.1�4.3 13.2�4.6
UPDRS III score 30.2�8.1 28.9�8.4
UPDRS total score 46.3�10.7 45.3�10.7
CWS (m/s) 0.8�0.3 .08�0.3

OTE. Values are mean � SD. There were no significant difference
bbreviations: F, female; M, male.
Significant difference between sites (P�.05).
eriod in group B (see table 2). An ES of .45 (95% CI, �.01 q
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o 1.0) for the UPDRS ADL section revealed a small to
oderate ES consistent with these findings. No significant
ain effect for group was found. However, a significant main

ffect of time was found (P�.001). A within-group analysis for
roup A approached significance (P�.099) in ADL change
cores from t0 to t6 to t6 to t12. These gains were maintained
uring the control period because there was a significant dif-
erence (P�.001) between t0 and t12 in group A. A compari-
on between t0 and t24 revealed significant long-term effects
or group A (P�.010). A within-group analysis for group B,
omparing the control with the intervention period, was not
ignificant (see table 1).

No significant interaction effect between group and time was
bserved for the UPDRS III (motor) scores. However, there
ere significant main effects for both group and time, warrant-

ng further post hoc analysis. Post hoc analysis at t6 revealed
hat differences between groups were not significant (P�.145)
see table 2). An ES of .32 (95% CI, �.23 to .86) for the
PDRS section III (motor) supports our lack of significant
ndings on the impairment level. A within-group analysis
evealed no significant difference between scores in period t0
o t6, compared with t6 to t12 for either group (see table 1).

A significant interaction effect between group and time was
bserved for CWS. Post hoc analysis revealed a significant
ifference between groups (P�.012) after the initial 6-week
ntervention period (t0 to t6), which indicates significantly
mproved CWS in group A compared with the control period in
roup B (see table 2). An ES of .49 (95% CI, 0.00�1.05) for
WS supports these findings. No significant main effect for
roup was found. However, a significant main effect for time
as observed. A within-group analysis for group A revealed

ignificantly higher (P�.007) CWS change scores for t0 to t6
ompared with t6 to t12. These gains were sustained after the
ontrol period because there was a significant difference
P�.002) from t0 to t12 in group A. A within-group analysis
or group B also revealed significantly larger improvements
uring the intervention period (t6 to t12) than during the
ontrol period (t0 to t6, P�.041). With regard to long-term
ffects, a comparison of t0 and t24 scores showed no signifi-
ant differences for group A, but significant differences for
roup B (P�.005) were found (see table 1).

DISCUSSION
The findings of our present study partially support our main

ypothesis in that gains were observed in functional status and

ipants Expressed in Total, by Group and Site

Group B Boston Amsterdam

33 37 31
63�8.8 64�8.8 63�8.5
2.4�0.5 2.4�0.4 2.5�0.6

26/7 30/7 21/10
83.4�8.2 86.2�8.9* 81.9�8.3*
45.0�4.0 47.0�4.5* 43.8�4.0*
3.0�1.8 3.0�1.9 3.2�1.6

13.0�4.1 13.2�4.0 13.0�5.0
31.5�7.8 32.0�7.3* 26.8�8.6*
47.4�10.7 48.2�9.8* 42.9�11.7*
0.8�0.3 0.9�0.3* 0.7�0.3*

aseline characteristics between groups.
Partic

s in b
uality of life related to physical mobility but not in global
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uality of life or at the impairment level. Our results reveal
ignificant improvements in the SIP motor score, UPDRS ADL
core, UPDRS total score, and CWS in the intervention group
PT and medication), compared with the control group (med-
cation only). No significant differences between groups were
ound for the SIP and UPDRS mentation and motor scores. The
ithin-group analyses supported the between-group differ-

nces. Significant differences at 3 months compared with base-
ine were found for the UPDRS total and ADL scores in group

and for CWS in group B, which indicates that some gains
ere maintained over time.
An additional analysis using age and sex as covariates did

ot alter the results or significance levels appreciably for any of
he dependent measures. An analysis (worst-case analysis) was
lso conducted based on the assumption that subjects with
issing data at t6, t12, and t24 showed no changes compared
ith baseline measurements. This did not change the outcome
ith regard to significance level for any of the dependent
ariables. Analyses performed by site were consistent with the
verall results as well.
We considered the clinical relevance of our significant findings.
classification of walking disability, developed by Hoffer et al24

nd revised by Perry et al,25 discriminates between a physiologic
alker, a limited household walker, a household walker, a limited

ommunity walker, and a community walker. In a study of 147
atients poststroke, Perry found that walking velocity was the only
ingle measure that predicted walking classification. In our study,
he mean gain in walking velocity was .16m/s. In group A, a gain
f 21% from a walking velocity of .77 to .93m/s translates to a
hange from a limited community walker to a community walker.
imilar gains were seen in group B. This suggests that the changes

n CWS that occurred appear to be clinically relevant. Significant
orrelation coefficients were found between the UPDRS ADL
ection and the SIP mobility in both group A and group B after
reatment, suggesting a relationship between change in ADL sta-
us and QOL as it relates to physical mobility. The degree of
hange necessary to be clinically relevant needs further investiga-
ion in these measures.

The crossover design may have been a limitation in some
espects. We found within-group differences between the inter-
ention and control periods in group A with regard to most of the
utcome measures. However, in group B, we observed significant
ithin-group differences with regard to CWS only. Group B often
ade gains in status during the initial control period and continued

o improve during the intervention period. Differences between
hese periods may have been minimized by the initial gains
bserved during the control period, which reveals a possible
lacebo effect. Limitations to our study also include lack of a full
ata set from the UPDRS. The UPDRS was not administered to
1 subjects admitted to our study. This may have hampered the
tatistical power of the design and contributed to our results
pproaching level of significance in the UPDRS motor section.
ifferences in the impact of rehabilitation on neurologic impair-
ents have been reported. It may be that PT does not affect

hanges in rigidity or tremor.5 Even when significant changes in
radykinesia or rigidity are identified, they are short-lived and no
onger exist at follow-up.13 Differences may also be explained by
ariations in the components of the particular treatments, with
ome focusing more on the impairment level than others. It is also
ossible that the UPDRS motor section does not contain measures
f the types of impairments where we expect to see change. Some
tudies17,18,26,27 report changes in strength and muscle length but
ot in rigidity and tremor. The relationship between impairments
nd functional status is also open to further investigation. How-
ver, in an RCT, Schenkman et al17 showed improved axial

obility and functional reach in subjects with PD who partici- p
ated in a 10-week exercise program focusing on improving
pinal flexibility. It was concluded that increases in ability to reach
orward in the functional reach test might have been because of
he improved spinal mobility. It is also possible that neurologic
igns change at the functional level but not at the impairment
evel. For example, tremor often appears to be altered while
alking; however, frequently used measurement tools evaluate

remor independent of function, failing to capture the changes that
ccur with walking.15

Another limitation of our study may be the differences observed
n baseline dependent measures between the 2 sites. The differ-
nces highlight varying degrees of disease severity at each of the
sites, although all were categorized in Hoehn and Yahr stages II

nd III. The block randomization procedure implemented at each
ite, however, did result in similar baseline status between the
xperimental and control groups at each site and across sites. In
ddition, similar trends were revealed at each of the 2 sites.
everal other studies obtained similar results in other samples of
ubjects in Hoehn and Yahr stage II and III. Generalizability of
ur results, however, may be limited to community-dwelling
eople with PD in Hoehn and Yahr stage II and III. In addition,
hanges in CWS observed on the treadmill may not generalize to
hanges in CWS over ground. However, several other studies16,28

eport significant changes in overground walking velocity, lending
upport to our findings.

Our findings revealed changes in QOL at the disability level
s it relates to physical mobility (SIP mobility) and at the
unctional level (walking speed, ADLs), but not at the impair-
ent level (mentation, motor status) or at the global disability

evel (SIP total). At the disability level, QOL measures are
onsistently missing from well-controlled PD intervention
tudies. Our results revealed a significant change in the SIP
obility score but not in the SIP total score. This implies that

hanges in QOL are limited to those areas affecting physical
obility. There appears to be a specificity of training effect.
reatment aimed at improving function resulted in perceived

mprovements in QOL related to mobility. Lack of improve-
ents in the more global QOL measure may be secondary to

ack of treatment specifically addressing areas beyond physical
obility. To see greater participation in household and com-
unity activities, treatment may need to explicitly include

ractice of these types of activities. Treatment administered in
he home environment may be necessary to allow direct in-
truction in the environment in which the behavioral change is
esired. Nieuwboer et al29 found positive effects for a home PT
rogram for subjects with PD in the domains of gait, chair
ransfer, and bed mobility.

Our most robust findings occurred at the functional level
ith respect to gait speed and ADLs. In subjects with PD,

mprovements in stride length, step cadence, gait initiation,
alking velocity, and ADLs are consistently reported in the

iterature after participation in a rehabilitation pro-
ram.16,18,19,26,30,31 These studies all provide evidence support-
ng the functional gains that occur after PT intervention in the
D population. The literature on evidence-based practice sup-
orts functionally specific training as critical for progressing
unctional status.32

Interventions in the home environment and in the commu-
ity, which more specifically address QOL issues, such as
ncreasing socialization and participation in household and
ommunity activities, need further investigation. The impact of
T on the impairment level needs further clarification as well.
n addition, the specific components of intervention that lead to
he most profound changes are not well established. Most
vidence supports the use of external cueing within the PT

rograms, but other critical ingredients are unclear and need

Arch Phys Med Rehabil Vol 86, April 2005
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A

urther investigation. Another key issue is related to determin-
ng optimal intensity of treatment. Studies consistently report
T programs offered during a span of 4 to 12 weeks, with
essions occurring 2 to 3 times a week. Several show gains in
tatus at study completion, followed by a gradual decline and a
eturn to baseline status between 3 to 6 months. In a multidis-
iplinary rehabilitation program for people with PD, Wade et
l33 showed short-term gains in mobility, with worsening dis-
bility at 6 months. Heterogeneity between groups related to
edication adjustments and activity level may contribute to the

ack of significant findings across outcome measures at the
ong-term follow-up assessment periods. It is worthy to con-
ider, however, that perhaps people with a long-term chronic
egenerative disease need intervention to occur over a longer
ime period. Instead of receiving a bout of exercise for a short
eriod, they may need to continue the program for several
onths or more to maintain gains shown early on.

CONCLUSIONS
People with typical, idiopathic PD within Hoehn and Yahr

tage II or III benefit in the short term from PT group treatment in
ddition to their MT with regard to function related to ADLs,
WS, and QOL related to mobility. Long-term benefits were
bserved in CWS, UPDRS ADL, and total scores but varied
etween groups.
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