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ABSTRACT: Background and Objectives: Many
controversies surround the usefulness of dual-task
training in Parkinson’s disease (PD). This study (1) com-
pared the efficacy of two different dual-task training
programs for improving dual-task gait and (2) assessed
the possible fall risk of such training.
Methods: Patients (N 5 121) with a diagnosis of PD
(aged 65.93 [69.22] years, Hoehn and Yahr stage II-III
on-medication) were randomized to (1) a consecutive
group in which gait and cognitive tasks were trained
separately or (2) an integrated group in which gait and
cognitive tasks were trained simultaneously. Both inter-
ventions involved 6 weeks of at-home physiotherapist-
led training. Two baseline tests were performed as a 6-
week control period before training. Posttests were per-
formed immediately after training and at 12-week fol-
low-up. Dual-task gait was assessed during trained and
untrained secondary tasks to assess consolidation of
learning. Fall risk was determined by a weekly tele-
phone call for 24 weeks.

Results: No significant time by group interactions were
found, suggesting that both training modes had a simi-
lar effect on dual-task gait. Immediately after training,
and not after the control period, significant improve-
ments (P < .001) in dual-task gait velocity were found in
all trained and untrained dual tasks. Improvements
ranged between 7.75% and 13.44% when compared
with baseline values and were retained at 12-week fol-
low-up. No significant change in fall risk occurred in
both study arms (P 5 .84).
Conclusions: Consecutive and integrated dual-task
training led to similar and sustained improvements in
dual-task gait velocity without increasing fall risk. These
novel findings support adoption of dual-task training in
clinical practice. VC 2017 International Parkinson and
Movement Disorder Society

Key Words: executive function; falls; gait; rehabili-
tation; Parkinson’s disease

Parkinson’s disease (PD) is characterized by loss of
automatic motor control1 and cognitive impairment,
most notably by executive dysfunction.2-4 Dual-task
(DT) performance relies on the capacity to perform
motor tasks automatically as well as on the cognitive
(executive) ability to integrate different task demands.
Several studies demonstrated compromised DT gait in
mid to moderate stages of PD,5,6 correlating with an
increased risk of falling,7 more freezing of gait
(FOG),8 and reduced functional mobility.9

Physiotherapy guidelines state that DT training is
better avoided10 or at best undertaken cautiously.11

However, a recent review of uncontrolled pilot stud-
ies12 together with 1 randomized controlled trial13
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showed benefits of DT training in PD. So far, no
motor-cognitive training studies have been conducted
with a priori determined sample sizes for optimal
effect-size estimation to ascertain the difference in ben-
efits of 2 different DT training programs administered
in a home setting.12 What is, unknown is how DT
training is best performed and whether it should focus
on automatization of each task separately or on task
integration.5,12,14 Therefore, we designed the DUAL-
ITY study to investigate the effects of 2 DT training
programs and their possible fall risk delivered in the
home setting. Integrated dual-task training (IDT) con-
sisted of simultaneous gait practice and cognitive exer-
cises to optimize DT integration. In contrast,
consecutive task training (CTT) delivered gait and
cognitive exercises separately to improve task automa-
ticity.15 In PD, the transfer of learning is compro-
mised. This means that the generalization of learning
to skills that were not incorporated in the training
program is reduced. Therefore, we hypothesized that
IDT would have larger effects than CTT because of its
greater inherent cognitive challenge, resulting in better
retention and transfer to daily life.14 On the downside,
IDT was expected to enhance fall risk as attention
would be diverted from gait.10 Finally, we explored
which clinical characteristics influenced the effect of
training.

Methods

Study Design and Participants

The study involved a multicentred, single-blind, ran-
domized clinical trial. The University Hospitals Leu-
ven (Belgium) and the Radboud University Medical
Center Nijmegen (the Netherlands) received ethical
approval for the study (Belgium: Commissie Medische
Ethiek (CME) University of Leuven (KU) Leuven -
B322201213165/S53419 and the Netherlands: Com-
missie Mens-gebonden Onderzoek (CMO) Regio
Arnhem-Nijmegen - NL39530.091.12). The DUALITY
trial was registered in clinicaltrials.gov as
NTC01375413. In a detailed description of the proto-
col and power calculation, we revealed that a sample
of 120 participants would be needed to detect a clini-
cally meaningful difference of 15% between IDT and
CTT for the primary outcome DT gait velocity.15

Inclusion criteria were (1) diagnosis of PD according
to the UK Brain Bank criteria,16 (2) Hoehn and Yahr
(H&Y) stages II-III when on medication,17 (3) able to
walk 10 minutes continuously, (4) presence of DT
interference established by a structured checklist,15 (5)
Mini Mental State Examination � 24,18 (6) stable
medication over the past 3 months, (7) no hearing or
visual problems interfering with testing or training,
and (8) no deep brain stimulator or stable deep brain
stimulator settings during the past year. Participants

were excluded when they presented with unstable
other medical conditions that affected gait. Other
physiotherapy interventions were continued during the
trial and their content was documented, but we specif-
ically asked therapists not to address dual tasking, gait
and cognitive exercises.

Participants signed an informed consent form before
participation. Measurement protocols and treatment
interventions were standardized across both centers,
and fidelity checks were carried out through site visits.
Fall frequency and adverse effects were monitored by
a review board to ensure participants’ safety. Testing
was performed by a blinded physiotherapist at 4 time
points while participants were on medication. After
baseline measurement (test 1) and a 6-week interval, a
second baseline measurement was performed (test 2)
to serve as a control period. This allowed monitoring
of fall frequency prospectively before intervention. A
third test was carried out immediately after the 6-
week training (test 3). A follow-up test was performed
after 12 weeks without training (test 4).

Intervention

Both interventions were delivered at home by a
physiotherapist from each center specifically trained
for the aims of the study. Supervised training fre-
quency was twice a week for 6 weeks. Practice time
was equal in both interventions and consisted of 40
minutes of active exercise per session. In addition, the
participants were asked to perform unsupervised exer-
cises twice a week for 30 minutes. In the CTT arm,
the participants performed 15 minutes of gait practice,
15 minutes of cognitive exercises in sitting, and 10
minutes of functional practice based on breaking
down tasks in separate components. A detailed
description of training contents was published ear-
lier.15 Cognitive exercises involved verbal fluency tasks
and reciting switching and working memory tasks.15

IDT consisted of 30 minutes of concurrent practice of
gait and the same cognitive exercises as in CTT. The
10 minutes of functional training included integrated
DT practice. Training diaries were checked by the
therapists to monitor compliance. In both groups, cog-
nitive exercises were offered at different difficulty lev-
els15 to provide sufficient challenge for each
participant and to ensure a structured training pro-
gram in both centers. Progression to the next level
was determined by flawless performance at the chosen
training tasks and was scored accordingly by the treat-
ing physiotherapist (11 5 progression, 0 5 same
level) allowing to sum the progression scores of each
patient.

Randomization and Masking

After screening for eligibility, participants were ran-
domly assigned to the IDT or CTT training groups in
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each center. A computerized block randomization pro-
cedure (block size 5 4) was implemented by an inde-
pendent statistician. Group allocation was performed
by an independent person, who contacted the treating
physiotherapist by email to ensure concealed alloca-
tion. Randomization was stratified by subgroup with
or without FOG and by stage of the disease (H&Y
stages II and III).

Outcome Measures

The primary outcome was gait velocity during the
auditory Stroop task demonstrated to have excellent
test-retest reliability.19 This task was not trained and
therefore tested the transfer of learning. Secondary
outcomes were gait velocity while performing a back-
ward digit span task (trained) and while using a
mobile phone (untrained) to assess transfer to daily
life. Details on the additional tasks can be found in
Supplementary Table 1.

Gait was recorded via the GAITRite Walkway sys-
tem20 with an active length of 7.92 m and a sampling
frequency of 120 Hz. During DT conditions, partici-
pants were asked to “walk over the walkway at pre-
ferred speed while performing the secondary task and
divide attention equally across both tasks.” All tasks
were additionally performed under single-task (ST) con-
ditions. ST and DT test order was randomized but kept
constant for each patient throughout the trial. Cogni-
tive task performance was synchronized with walking
and verbal responses were recorded via a microphone
mounted on a headphone set (Supplementary Table 1).

Falls were evaluated for 24 weeks by weekly phone
calls by a blinded tester while referring to the follow-
ing definition of falling: “coming to rest unintention-
ally on the ground or other lower level, when this
occurs not as the result of a major intrinsic event or
overwhelming hazard.”21 Fall frequency was

calculated for four 6-week periods: (1) between the 2
baseline tests, (2) during the intervention, (3) during
the 6-week period immediately following the interven-
tion, and (4) during the final 6 weeks of follow-up. At
trial exit, patients’ perceptions of the training were
assessed by a structured interview.

Statistical Analysis

Statistical analysis was performed according to the
intention-to-treat principle, including all participants
initially included in the study (IBM SPSS version 22;
IBM Corp., Armonk, New York).22 Missing data
(2%-13%) were the result of dropout (6.61%), techni-
cal problems, and human errors. Linear mixed models
(using a direct likelihood estimation technique) were
used to analyze all continuous outcomes as values
were missing at random. Two-sided P values were set
at a level 0.05. Treatment group (IDT vs CTT), time
(test 1-4) and the interaction between time and group
were used as fixed factors. Participants were included
as random factor. We calculated medication dose as
levodopa equivalent dose (LED)23 and explored its
confounding effect. Fall frequency data was analyzed
using a negative binomial model. A separate analysis
compared whether people who dropped out of the
study differed from those who completed it. The influ-
ence of different subgroups, that is, with and without
FOG, falls, H&Y stage, and cognition, was explored
by including each term and their interactions in the
model in separate analyses.

Results

Table 1 presents the descriptive characteristics of
the participants (N 5 121). As shown in Figure 1, 65
participants were randomized into CTT and 56 into
IDT. Blinded testers guessed correctly in which group

TABLE 1. Descriptive characteristics at baseline test 1

Total group, N 5 121 CTT, n 5 65 IDT, n 5 56

CTT versus IDT,

P value

Age,y 65.93 6 9.22 66.05 6 9.30 65.80 6 9.19 .89
Gender, M/F 88/33 49/16 39/17 .48
Disease duration, y 8.67 6 5.83 8.89 6 6.30 8.41 6 5.29 .65
Freezing of gait, yes/no 68/53 34/31 34/22 .35
Recurrent falls 6 months
prior to study, yes/no

40/81 22/43 18/38 .84

LED, mg/day 687.80 6 431.66 752.25 6 453.24 612.99 6 396.10 .08
DBS, yes/no 18/103 9/56 9/47 .73
MMSE, /30 27.94 6 1.59 27.88 6 1.65 28.02 6 1.53 .63
MoCA, /30 25.81 6 2.78 25.71 6 2.82 25.93 6 2.76 .67
FAB, /18 15.76 6 1.99 15.77 6 1.97 15.75 6 2.03 .96
H&Y, II/III 80/40 42/23 38/17 .60

Means and standard deviations are presented. CTT, consecutive task training; IDT, integrated task training; N, number of participants; LED, levodopa equiva-
lent dose; DBS, Deep Brain Stimulator; MMSE, Mini Mental State Examination; MoCA, Montreal Cognitive Assessment; FAB, Frontal Assessment Battery;
H&Y, Hoehn & Yahr stage; H&Y stage was not recorded for 1 participant.
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participants were randomized in 58.2% of cases, illus-
trating that blinding was successful. Groups were simi-
lar for all disease characteristics, including LED
(Table 1). However, Table 2 shows that LED was not
stable in time (F 5 7.41, P < .001) with higher doses
at tests 3 and 4. Therefore, LED was adopted as a
covariate in all subsequent analyses.

Figure 1 illustrates that 4 participants dropped out
of CTT. Of these participants, 3 did not receive CCT
and 1 did not complete the intervention because of a
hospital stay. A total of 8 participants dropped out of
IDT. Of these participants, 4 did not receive IDT and
4 received the intervention but were lost to follow-up.
Total dropout rate was 9.9%. Reasons for dropout
mostly involved health or time constraints, unrelated
to the nature of the intervention. People who dropped
out were not significantly different from those who
completed the study.

Training diaries revealed that 6 participants in CTT
and 6 in IDT followed less than 80% of the training

sessions. Reasons for lack of compliance were lack of
time, technical problems with the MP3 player used
during home exercise, illness, and fatigue. In total,
84.6% of patients in CTT and 82.1% in IDT com-
pleted more than 80% of supervised and unsupervised
training sessions. Analysis of progression levels of the
cognitive exercises revealed that the CTT group
advanced to significantly higher difficulty levels when
compared with the IDT group (3.02 6 0.71 vs 2.71 6

0.81, T 5 2.14, P 5 .04). Fewer than half of the par-
ticipants (47%) continued their routine physiotherapy,
including strengthening of lower and upper limb
muscles, mobilization exercises, aquagym, physical fit-
ness training, and various interventions for non–
Parkinson-related conditions.

Primary and Secondary Dual-Task Outcomes

In contrast to our hypotheses, no interaction effects
between Time and Group were detected (Stroop:

FIG. 1. Flow diagram of the DUALITY trial. N, number of participants.
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F 5 0.89, P 5 .45; mobile phone: F 5 .86, P 5 .46;
digit span: F 5 0.34, P 5 .80; Table 2), indicating
that both training strategies led to similar results.

Main effects for time were found for all 3 dual tasks
(Stroop: F 5 38.99, P < .001; mobile phone: F 5

22.79, P < .001; digit span: F 5 33.55, P < .001),
indicating that both training strategies led to improved
DT gait velocity when compared with the control
period. As shown in Figure 2, the primary outcome
(DT gait velocity with Stroop) was stable between
baseline tests 1 and 2 and improved after the interven-
tion (D with baseline 1: P < .001, effect size [ES] 5

0.60; D with baseline 2: P < .001, ES 5 0.53). These
effects remained during follow-up (Table 2).

Similarly, the secondary outcomes, DT gait velocity
with mobile phone (functional transfer) and with digit
span (trained task), did not change significantly
between baseline tests, improved after training and
showed sustained benefits at follow-up (Fig. 2, Table
2). Subanalysis, excluding patients who dropped out
or showed less than 80% compliance, revealed similar
results compared to the intention-to-treat analysis.
The results demonstrated that ST gait velocity fol-
lowed the same pattern of improvement as DT gait
velocity (Supplementary Table 2).

No interaction effects between time and group were
found for DT cognitive outcomes (Table 2). Reaction
time on the untrained DT Stroop remained stable
between tests 1 and 2, improved after training when
compared with baseline test 1 (P 5 .001, ES 5 0.29),
and remained better at follow-up. The percentage of
correct responses on the DT Stroop showed the same
pattern. In contrast, the percentage of correct

responses on the DT mobile phone showed no
improvements after training (F 5 0.90, P 5 .44; Table
2). Reaction time on the DT digit span remained sta-
ble between both baseline tests and worsened after
training (when compared with baseline test 2). How-
ever, although the percentage of correct answers on
this task was stable between both baseline tests, it
improved significantly after training (F 5 21.17, P <
.001), a result that was retained at follow-up. ST cog-
nitive outcomes followed a similar pattern as DT cog-
nitive outcomes (Supplementary Table 2).

Fall Frequency

No differences between both training groups were
seen in the total number of fallers or in the total num-
ber of recurrent fallers (Table 3). Expressed as inci-
dence rate ratios, both groups experienced 12% (95%
confidence interval [CI] 5 260% to 94%) fewer falls
during the training period when compared with the
preintervention period, 24% (95% CI 5 267% to
76%) fewer falls in the 6 weeks right after the training
period, and 6% (95% CI 5 254% to 142%) more
falls in the final follow-up period (Table 3). These dif-
ferences did not reach statistical significance (P 5

.84). In the CTT group, 1 fall was recorded during
unsupervised practice. No other adverse events were
reported.

Perception of Training During Exit Interviews

Irrespective of training allocation, 89.9% of partici-
pants subjectively reported improvement during the
training sessions. Of the participants, 85% perceived
DT training as valuable for activities of daily life, and
75.2% reported using the exercises during activities of
daily life, including the cognitive exercises. Interest-
ingly, CTT found the training (v2 5 10.54, P 5 .001)
significantly more useful during activities of daily life
and stated they actually used it in daily life (v257.46,
P 5 .006). Of the participants, 75% had no problems
working with the MP3 player, and 90% of the partici-
pants were prepared to continue the same training if it
were offered again. A total of 77% of the participants
felt that they were randomized to the best training
group.

Subgroups With Freezing, Falling, Higher H&Y
Stage, and Impaired Cognition

No interaction effects of time by subgroup and type
of training were found, indicating that patients with
higher H&Y stage (n 5 40), with falls (n 5 68), or
with more cognitive impairment based on the Mon-
treal Cognitive Assessment <27 (n 5 65) benefited
equally from both training modes. Secondary analyses
for the primary outcome measure, including FOG as a
fixed factor, revealed that people with FOG (n 5 68)

FIG. 2. Dual-task gait velocity (cm/sec) at each test session. The solid
black line ( __ ) represents gait velocity in combination with the
untrained auditory stroop task (primary outcome), the dashed line (---)
represents gait velocity during the trained backward digit span task,
and the dotted line (. . .) represents gait velocity while performing the
untrained mobile phone task. Error bars represent the standard errors
of the mean. Significant contrasts of the linear mixed models are indi-
cated by the black lines under the graph.
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walked more slowly than people without (94.1 cm/sec
[95% CI 5 89.9 cm/sec to 98.4 cm/sec] vs 103.6 cm/
sec [95% CI 5 98.7 cm/sec to 108.6 cm/sec]). Groups
with and without FOG showed stable baseline meas-
urements and improved DT performance after train-
ing. However, and in contrast to nonfreezers, freezers
only showed retention in comparison to test 1 (D with
test 1 5 6.3 cm/sec [95% CI 5 1.0 cm/sec to 11.5
cm/sec], P 5 .01), but not when compared with test 2
(D 5 4.0 cm/sec [95% CI 5 20.7 cm/sec to 8.6 cm/
sec], P 5 .15).

Discussion

This study presents the first randomized clinical trial
that investigated the effects of 2 DT training programs
focusing on task integration on the one hand and sep-
arate task automatization on the other in a large
cohort of early to mid-stage PD. The results showed
that DT gait improved when compared with a control
period without training, irrespective of which training
method was used. Remarkably, effects transferred to
untrained dual tasks and benefits were retained after
12-week follow-up, signifying consolidated learning
effects. Furthermore, the novel training programs
delivered in the community setting did not increase
the risk of falls and showed excellent compliance
rates.

In contrast to our hypothesis and earlier results in
balance-impaired elderly,14 no differences between
CTT and IDT were found. The observed DT perfor-
mance improvements may thus be explained by better
task automatization after CTT as well as by more effi-
cient integration of task-related networks after IDT
leading to the same result. Alternatively, the fact that
both programs consisted of the same components may
have contributed to this result, as ST performance
improved for both gait and cognitive tasks, suggesting
that task automatization may have played a large role
in both groups. In this respect, our findings are contra-
dictory to previous work24,25 showing that transfer of
learning was decreased after CTT. Another reason for
the lack of differences between CTT and IDT is that
we individualized the training program for each par-
ticipant. Although we equalized the amount of prac-
tice in both arms, the CTT group performed the
cognitive exercises at a higher difficulty level than
IDT, possibly because the former could fully concen-
trate on cognitive performance. This may explain why
DT performance improved in CTT to the same degree
as in IDT. Unfortunately, the exact training mecha-
nisms cannot be gained from the current behavioral
data and need to be addressed in future imaging stud-
ies of the underlying neural network changes associ-
ated with each training approach.
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Although not the main research question, we dem-
onstrated DT training effects in the full cohort in con-
trast to a period without training of the same
duration, controlling for repetition effects. However,
because of the lack of an actual control group with
either a placebo or no intervention, we cannot entirely
exclude nonspecific effects as an explanation for these
benefits. Despite this limitation, we showed that DT
training transferred to untrained tasks such as the DT
mobile phone and DT Stroop tasks, illustrating the
functional relevance of the findings. The size of these
improvements was modest, indicating a standardized
effect size of 0.60 (Cohen’s d) on the primary outcome
with improvements ranging between 7.8% and 13.4%
of baseline DT gait velocity. This improvement is
comparable to what was found in previous studies,
investigating the training of cognitive combined with
(virtual) motor tasks in PD.12,26-28

Improvements exceeded the minimally clinically sig-
nificant change for DT gait velocity determined for
older adults,29 but not for PD.19 According to the for-
mer criterion, improvements during the digit span and
Stroop were substantial (>10 cm/sec) and small for
the mobile phone task (between 5 cm/sec and 10 cm/
sec), which was also the more difficult task.19 This
points to the possibility that more complex multitasks
may lend themselves less well for transfer of training
or alternatively that more multitasking should have
been incorporated into the program. However, future
work needs to determine first whether complex multi-
task training is at all feasible in PD.

In contrast to what we expected, transfer effects
were present in both training groups in line with a
previous cognitive-motor training study in PD.30 The
similarities between the CTT and IDT programs may
underlie this finding. It is also possible that, because
we found only modest training effects (ES 5 0.29) for
cognitive outcomes and strong effects for gait velocity
(ES 5 0.60), the transfer of learning was predomi-
nantly driven by gait velocity increases.

Another interesting result was the significant
improvement on reaction time and percentage of cor-
rect responses on the DT Stroop, especially because
this was an untrained task. Although this study was
not powered to detect cognitive gains, it showed the
potential for motor-cognitive training in PD. These
results reiterate the findings of a recent virtual reality
training study28 and concur with recent review papers
on cognitive training in PD.31-33 One of these reviews
showed that executive function is most likely to
improve not only after pure cognitive exercise but also
after combined motor and cognitive training.31

In this study, the results on other DT cognitive out-
comes were less clear. Reaction time on the DT digit
span was longer, but fewer errors were made, sugges-
ting a trade-off between task components. Training

did not have an effect on manipulating the mobile
phone during walking. However, a ceiling effect may
have been present during DT cognitive performance.
Effects on DT cognitive outcomes thus relied on the
type of task and possibly on the priority assigned to
each task. Indeed, people with a wide variety of neu-
rological disorders demonstrated a similar task-specific
effect of DT training with a tendency to favor gait
parameters over cognition and balance.34 Hence, inte-
grated DT training incorporating cognitive exercise
may closely resemble ST cognitive training if patients
prioritize this aspect, providing another explanation
for the lack of difference between training modes.

Clinically, an important finding was the apparent
safety of both interventions in contrast to the earlier
notion that DT training would be fall-provoking in
PD.10 We found that fall rates tended to drop during
practice (12%) and even more so in the first 6 weeks
after training (24%), but this was not statistically sig-
nificant. This eye-catching result is even more notable
as the sample included a considerable number of
recurrent fallers (33.1%) and may be explained by the
fact that supervised training increased awareness of
DT associated fall risk. The fact that fall frequency
became worse when professional input was withdrawn
supports this interpretation. Still, this study was not
powered to analyze falls, constituting a limitation.
The CTT group had a higher number of falls at base-
line, which persisted throughout the study and showed
no differential effect of training mode. It is possible
that as the participants with more frequent falls
received “the safest intervention” (CTT), true fall risk
may have been masked.

Adherence rates in both arms were very good, with
more than 80% of participants following more than
80% of sessions.35 As cognitive exercises are not part
of standard physiotherapy care, it was encouraging to
ascertain that participants were satisfied with this
novel part of the intervention and tended to want to
continue cognitive practice.

We powered the study based on a 15% difference of
improvement between IDT and CTT.15 Yet we found
only small differences between the 2 study arms, irre-
spective of dropout being larger than expected. This
implies that clinicians can choose which strategy they
wish to adopt to improve dual tasking in PD and indi-
vidualize therapy according to clinical need and dis-
ease stage. The physiotherapists who provided the
IDT and CTT training did so in both arms and this
may have biased the results. However, the fact that
most patients assumed that they had been in the most
effective intervention argues against performance bias.
Overall, we showed surprisingly well-preserved DT
learning capacity regardless of clinical profile, even in
patients with FOG (56%) albeit that retention was
impaired in this group. The relatively high number of
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people with FOG in this study may be explained by
the fact that freezers were more aware of their DT
problems and therefore may have been more ready to
participate. It also enhances the generalizability of the
findings, as it signifies that effect size estimates were
probably conservative.

In conclusion, both CTT and IDT were found to be
moderately and equally effective in improving DT gait
velocity in people with PD. This effect was apparent
when compared with a control period without training
and pertained to untrained cognitive and functional DT
tasks. The fact that the effects were retained for 12
weeks illustrated a robust capacity for DT motor learn-
ing in PD. Contrary to current thinking, DT training
proved not hazardous, as fall risk remained stable.
These novel results support the European Physiotherapy
Guideline for Parkinson’s Disease,11 which recommends
adopting DT training in clinical practice at least when
supervised by rehabilitation professionals.
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