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Abstract

Setting: Brazil Parkinson Association.

Classification

Rating Scale.

were compared for CG and EG using RM-ANOVA.

of gait in PD patients.

Background: Deficits in automatic motor control, a typical feature of Parkinson’s disease (PD), contribute to
progressive impairment in gait performance. The use of declarative memory cues in order to promote the engagement
of attention and activation of the next movement in gait may minimize the consequences of lack of automatic control.

Objectives: To verify the long-term efficiency of a new strategy based on declarative memory cues to improve the
gait performance and independence in activities of daily living (ADL) in patients with PD.

Design: Parallel prospective, single blind, randomized clinical trial.

Participants: Forty-four patients with PD in stages 2-3 of disease evolution according to Hoehn and Yahr

Interventions: The experimental training (ET) consisted of eight gait training sessions, twice a week, using the
declarative memory cue strategy (DMCS). The control training (CT) consisted of a similar gait training without DMCS.

Primary outcome measure: Gait performance in terms of speed and stride length.

Secondary outcome measure: Independence in ADL according to Section Il of the Unified Parkinson’s Disease

Randomization: Participants were randomized into a control group (CG), which performed the CT, and an
experimental group (EG), which performed the ET, through blinded drawing of names.

Statistical analysis: Gait performance and independence in ADL before, 2 and 60 days after the end of training

Results: RM-ANOVA revealed a significant improvement of the gait performance in terms of speed and stride
length and independence in ADL, remained until 2 months after the end of training, exclusively for the EG after ET.

Conclusion: Gait training associated to declarative memory cues promotes significant long-term improvements in
gait performance and can be considered a new useful strategy to compensate the deficiency in automatic motor control

Keywords: Physiotherapy; Automatic motor control; Cognition

Introduction

Among the motor alterations in PD patients, gait is particularly
affected and characterized by several hypokinetic features such as
decrease of the stride length and off-ground elevation of the feet,
leading to short stepping, shuffling and consequently reduction
in gait speed [1,2]. The search for novel strategies to attenuate gait
disturbances in PD has posed a challenge to physiotherapists. Current
strategies are based on external cues [3-7], attention engagement [8-
13] and both combined [14], which facilitate gait by minimizing the
deficit in automatic control associate to PD. In spite of the significant
short-term benefits, these strategies on gait performance, evidences on
the long-term results and their effects on gait in daily living remain
limited [15-19].

One possibility which remains unexplored is based on the use of
declarative memory resources to minimize deficits in automatic control
on the gait. It is well established that the implicit memory system

depends on the striatal network, and PD patients have been shown to
be impaired on automatic motor tasks relying on the well-functioning
of this system [20]. Basal ganglia are responsible for generating
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internal signals required by the transition process from one movement
component to the next, within an automatic sequence of movements.
These internal signals enable an action plan to be prepared, retrieved
and implemented from memory [21]. Due to the decreased dopamine
levels associated with PD, internal signal generation is reduced,
leading to impairments in automatic sequential movements [20,22-
24]. This deficiency is correlated with clinical disability and functional
outcome [25]. Considering that, although patients with PD tend to
present several cognitive alterations, their declarative memory remains
partially intact [26-28], we put forward the hypothesis that it should be
possible to train patients to guide their actions by following declarative
information (cues) concerning the previously memorized sequence
of movements. During walking, this information (cues) would be
retrieved from declarative memory, facilitating the start and execution
of the next step and functioning as a compensatory strategy in order
to minimize the lack in the automatic control of gait. In fact, previous
studies have confirmed that patients with PD have similar performance
in comparison to elderly individuals in sequential movement when
they can use advanced information to guide the sequence [29-33].

We differentiate this declarative memory cue strategy (DMCS)
from the external cue strategy since, after being memorized, the cues are
internally generated from neural structures related to the declarative
memory system, remaining available even before the gait initiation.

Furthermore, we differentiate DMCS from attentional and cognitive
strategies because, despite the involvement of attentional control and
the cognitive functions in both, the key point for DMCS consists of the
usage of the declarative memory cues for activating the next component
of the sequence allowing a forward motor control, while attentional
and cognitive strategies, according to the more recent physiotherapy
guideline for PD [34], involve general instructions to improve the gait
performance as: “thinking about taking big steps, lifting knees high up,
making wide turns, choosing a point of reference to walk towards”.
In other words, the main principle of DMCS consists of using the
declarative memory to compensate the deficiency in implicit control
on the gait. Evidences from a recent study sustain that PD patients
have deficiency in implicit learning with preserved declarative learning
capacity and, most importantly, the possibility of compensation from
declarative memory for implicit deficiency, suggesting a cooperative
interaction between the two systems [35]. In DMCS, the declarative
memory is used as compensatory strategy facilitating the chunking
of movement involved in the gait. In fact, complex movements such
as gait, rely on a combination of the grouping of single movements
into sequences, leading to coordinated actions [36]. Such groupings,
consolidated into chunks, optimize the automatic execution of
movements. This process involves the nigrostriatal dopaminergic
system in animal [37,38] and human [39,40]. Thus, the deficiency to
control the movements automatically and the excessive dependency on
voluntarily controlled cognitive processes consequent of the reduction
of dopamine level may be associated with the lack in the movement
chunking [40,41].

Therefore, the aim of this study was to verify the immediate and
long-term effects of the DMCS on gait performance and independence
in activities of daily living (ADL), in patients with PD. To isolate
the effects of the declarative memory cues, we compared the results
obtained by DMCS with results obtained by identical gait training
without the support of the declarative memory cues.

We hypothesized that DMCS could compensate the consequences
of the deficiency in automatic control, improving the gait performance
and consequently, improving the independence in ADL due to

generalization of improvements to gait-related ADLs. This hypothesis
was based on the supposition that declarative memory cues could
compensate the deficiency in implicit memory system promoting
the engagement of attention and activation of the next movement in
a predictable sequence. Considering that automatic motor control
depends on the optimal movement chunking, this strategy could be
efficient for initiating and maintaining an efficient movement sequence
in the gait of PD patients, minimizing the consequences of deficiencies
in automatic control.

Methods
Trial design

This was a parallel, prospective, single-blind, randomized clinical
trial. The study was performed in accordance with the Consolidated
Standards of Reporting Trials (CONSORT) guidelines [42]. Figure
1 presents a diagrammatic representation of the study and flow of
participants based on the CONSORT flowchart. This study was
approved by the Local Ethics and Research Committee (number
058/15), and registered on clinicaltrials.gov (identifier: NTC02600728).

Participants

Inclusion criteria: Eligible participants were patients with a
diagnosis of idiopathic Parkinson’s disease according to the UK Brain
Bank criteria [43], in stage 2-3 of the disease evolution according to the
Hoehn and Yahr [44], aged 65 to 80 years, treated with levodopa or
its synergists; capable to ambulate independently indoors without aid;
referring 5 to 15 years of education.

Exclusion criteria: There were excluded patients with other
neurological (excluding PD), orthopedic or cardiopulmonary problems,
visual and auditory deficiency, dementia [assessed by the Mini Mental
State Examination (MMSE), cut-off 23] [45] or depression [according
to the Geriatric Depression Scale (GDS-15), cut-off 6] [46]. Patients
receiving physical therapy training were also excluded from study.

Settings and locations: Forty-four patients with Idiopathic
Parkinson Disease, who had as complaint the gait alterations, were
recruited from PD associations.

Intervention

First, we defined which declarative memory cues were more
efficient to guide the gait. In fact, the main challenge in developing the
DMCS was to identify the most efficient cues to be memorized. These
cues must be specific and short to facilitate the memorization and
retrieval, yet sufficiently meaningful to guarantee the engagement of
the next movement in sequence, facilitating the movement chunking.
Considering the biomechanical and motor control aspects of gait
in patients with PD, we tested several sequences of cues in order to
find the most feasible. At the end of a pilot study, we selected the foot
movements as the best focal attentional point and a sequence of 3 cues
summarizing the three important phases of gait as the most feasible
among the tested sequences. The three declarative memory cues were:
HEEL STRIKE, associated to first heel contacts on the walking surface;
STEP ON, associated to loading response when the foot comes in
full contact with the floor, and body weight is fully transferred onto
the stance limb; PUSH-OFF, associated to time at which the foot is
removed from the walking surface [47].

Subsequently, we defined the procedures involved in the
experimental and control training. Afterward, participants were
randomly distributed between two groups according to type of
training. The experimental group fulfilled the gait training based on
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Figure 1: Study flow according to CONSORT.

DMCS while the control group fulfilled the gait training without the
support of any kind of cues or cognitive strategies. To verify retention
after the training, participants were assessed and re-assessed as a follow
up 2 and 60 days after the end of their training.

Both trainings consisted of 8 individual training sessions, twice a
week, for four weeks. After the training sessions, no instruction was
offered to patients for training at home.

Experimental training

The ET consisted of 3 phases, the first one (Phase 1) was done only
in the first session of training, and the other two (Phase 2 and 3) were
repeated at each of the 8 sessions.

Phase 1: Initially, in order to better understand the strategy,
patients received a short and simple explanation about the deficiency
in automatic movement resulting from PD. Following the explanation,
the patients memorized a sequence of declarative cues (Figure 2).

The patients would then move on to the next stage only after having
successfully memorized the cue sequence.

Phase 2: Patients organized a sequence of cues using cards

illustrating the subcomponent movements (key movement) involved
in taking steps. The sole purpose of this approach was to further
consolidate the memorization of cues. The patients would then move on
to stage 3 only upon completion of 5 consecutive successful attempts.

Phase 3: Gait motor training guided by the cues. In this stage,
the patients had to train using declarative cues as a gait performance
support through 8 sets following the instruction “Walk in your
ordinary speed. Use the key movements to guide your steps saying
each of them while you do them”. Each set was performed following
different four trajectories with 80 meters of extension. Markers on the
ground delimited the straight and crooked trajectories. The declarative
cues had to be evoked verbally by the patients themselves, during gait,
triggering the corresponding movement. Whenever patients proved
unable to use the cues properly, e.g. they were not able to coordinate
the retrieval of cues together with the respective movement, they
returned to phase 2.

Control training

The CT consisted of 3 phases, the first one (Phase 1) was done only
in the first session of training, and the other two (Phase 2 and 3) were
repeated at each of the 8 sessions.
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[ Heel strike ][ Step on ][ Push-off ]

Figure 2: Sequence of cards illustrating with declarative memory cues (key
movements) used in the phase 1 and 2 of the Experimental Training.

Phase 1: Patients received a short and simple explanation about the
deficiency in automatic movement resulting from PD.

Phase 2: Patients received a general verbal attentional instruction
of “pay attention to your steps and try to walk as well as you can”,
before starting the walk.

Phase 3: Motor training of gait, where the patient had to perform
8 sets, following the instruction “Walk in your ordinary speed, paying
attention toyour steps” in theidentical four trajectories of ET. Additional
instructions or cues were not provided by the physiotherapist.

Outcome measures and test procedure

The three assessments were performed in individual sessions by
an independent blinded examiner, before (A1) and two (A2) and sixty
days (A3) after the end of training.

All patients were tested at between 40 and 120 minutes after their
last L-dopa dose, whereby each patient was tested at same time of the
day.

Primary outcome: The primary outcome was the gait performance
in terms of speed and stride length. Patients were asked to walk in a
straight trajectory of 20 meters following the sole instruction “upon the
go signal, walk as fast as possible to the line and stop”. The speed was
calculated based on the time to walk 20 meters timed using a digital
chronometer. The stride length was calculated based on the number of
steps measured using a pedometer.

Secondary outcome: The secondary outcome was independence in
activities of ADL, assessed by Section IT of the Unified Parkinson Disease
Rating Scale (UPDRS-II). This section includes 12 questions (items 5 to
16) on patient’s performance in ADL. Among these questions, two of
them investigate gait performance [frequency of falls due to freezing
(14); inability to walk (15)], with scores ranging from zero (normal)
to 4. The application followed the procedure recommended by Goetz
et al. [44]: (1) Reading to the patient the introductory statement for
each item of the UPDRS-II. (2) After the introduction, the interviewer
asked the patient: “With all these considerations in mind, do you have
any problems in this activity?” (3) If the initial answer was “No” (likely
rating is “Code 0”), the rater probed for “Code 1” to verify that this
response is not more appropriate. (4) If the initial answer was “Yes,”
the interviewer probed for the moderate option, using “Code 2” as an
anchor. (5) Depending on subsequent answers to this probed regarding
“Code 2,” the interviewer should move up or down the scale (to more
or less severe options) to find the most appropriate item response. (6)
When the best item response code was determined, the interviewer
verified this by reviewing those response codes immediately above and
the patient should confirm that these other response codes were not

appropriate [48].

The UPDRS has been considered by the Movement Disorders
Society to be the gold standard assessment for patients with Parkinson’s
disease, and it is the most widely used instrument for its clinical trials
(34,49,50].

Sample size calculation

The sample size calculation was based on the gait performance
according to 20 meters walking test (20MW). According to a pilot
study with PD patients with similar features to the PDs in this study,
the sample size calculation showed that 36 patients (18 in each group)
would be sufficient for a power greater than 90% (a =0.05).

Randomisation and blinding: Randomisation was achieved
through a computer-generated random-sequence Table 1. The subject’s
randomization was carried out by a researcher who is not involved
in enrolling the participants, in assigning them to their groups, or
in performing follow-up measurements. This researcher kept the
allocation concealed and prepared sealed envelopes, which were
opened individually only when each participant started their training.
Subjects were distributed between two groups. Only the researcher
responsible for conducting the training knew how the participants
were distributed. The researcher responsible for evaluations was not
aware of the allocations at any time during the data collection.

Statistical methods

Demographic and clinical characteristics of the patients in the CG
and the EG were compared using the unpaired t-test.

The Kolmogorov-Smirnov and Levene tests were used to assess
normality and homogeneity of variance of gait speed, number of steps
and scores in UPDRS-IL

We performed three comparisons using 2 X 3 repeated-measure
ANOVAs (type of training X assessments) with repeated measure on
the second factor. The first comparison focused on the effect of training
type (ET, CT) and assessment (Al, A2 and A3) on gait speed. The
second examined the effect of training type (ET, CT) and assessment
(A1, A2 and A3) on number of steps. The third focused on the effect
of training type (ET, CT) and assessment (A1, A2 and A3) on score in
UPDRS-IIL

In order to investigate the percentage change of the variables after
training we calculated the percentage improvement in speed gait [GSPI
(gait speed percentage improvement)], step length [SLPI (step length
percentage improvement)], and ADL [ADLPI (ADLs percentage
improvement)] for A1 X A2 and Al X A3. The Pearson Correlation
Coeflicient (r) was used to verify the correlation between GSPI X
ADLPI and SLPI X ADLPIL.

The effect sizes (ES) were calculated for all ANOV As (alpha =.05). A
Tukey HSD post-hoc test was performed whenever required. Statistica
software version 13.0 (StatSoft, USA) was used for all analyzes. P-values
smaller than 0.05 were considered statistically significant.

Grc?uo: ::1(;'22) (EE):c’:S:Tne:ZtZa)I All (n=44) vaFI,ue

Age (years) 70.31 (4.11) 70.45(6.38) | 70.38 (5.34) | >0.05

Gender (male) 13 13 26 >0.05
Hoehn&Yahr stage 2(12); 3(10) 2(12); 3(10) 2(24); 3(20) -

PD duration (years) 6.5 (1.97) 6.63 (2.57) 6.56 (2.28) = >0.05

Table 1: Computer-generated random-sequence.
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Results

Demographic and clinical characteristics of patients in the
two groups at baseline are presented in Table 1. Forty four patients
presenting mean disease duration of 6.5 years (SD 2.28), mean age
of 70.38 years (SD 5.34), comprising 18 women and 26 men, 24 had
stage 2, and 20 stage 3, disease evolution according to the Hoehn and
Yahr classification. There were no significant differences between the
two groups (unpaired t-test; p > 0.05). All participants completed the
training without any adverse effects.

For gait speed (Figure 3), significant effects were observed for
training type [F(1,58)= 40.23, p<.01, ES=.90], and assessments
[F(2,116)= 142.31, p<.01, ES=.90] and their interaction [F( 2,116)=
113.29, p<.001, ES=.95]. The interaction demonstrated that gait speed
increased for ET, but not for CT. Post-hoc intra-group comparisons
using the Tukey HSD test showed significant improvement between
AlxA2, and A1xA3 for ET, but not for CT. Inter-group comparison
showed non-significant differences in gait speed in A1, but significant
differences in A2 and A3 between EG and CG.

For step length (Figure 4), significant effects were observed for
trainingtype [F(1,58)=47.66,p<.01,ES=.90],and assessments [F(2,116)=
181.10, p<.001, ES=.95] and their interaction [F(2,116)=177.24, p<.001,
ES=.99]. The interaction demonstrated that step length increased for
ET, but not for CT. Post-hoc intra-group comparisons using the Tukey
HSD test showed significant improvement between Al X A2, and
A1xA3 for ET, but not for CT. Inter-group comparison showed non-
significant differences in step length in A1, but significant differences
in A2, and A3 between EG and CG.

For independence in ADL (Figure 5), significant effects were
observed for assessments [F (2,116) = 358.35, p<.01, ES=.80] and their
interaction with training type [F (2,116) =118.35, p<.01, ES=.85]. The
interaction demonstrated that punctuation decrease for ET, but not
for CT. Post-hoc intra-group comparisons using the Tukey HSD test
showed significant improvement between Al X A2, and Al X A2 for
ET, but not for CT.

Gait speed (m/s)

0,9

0,8

0,7

0,6
Al A2 A3

TeEr
o

Figure 3: Gait speed (+ S.E.M.) , before (A1), 2 days (A2) and 60 days (A3)
after end of training for

ET (experimental training) and CT (control training).

a Post-hoc Tukey tests: before training X after training comparison: p < 0.001.
b Post-hoc Tukey tests: control group x experimental group comparison: p <
0.001.

Assessments

34

32

30|

28

26|

24

Number  of steps

22

20|

Al A2 A3

ET
=
- CT
Figure 4: Number of steps to walk 20 meters (+ S.E.M.) , before (A1), 2 days
(A2) and 60 days (A3) after end of training for ET (experimental training) and
CT (control training).

a Post-hoc Tukey tests: before training X after training comparison: p <

0.001.

b Post-hoc Tukey tests: control group x experimental group comparison: p <
0.001.

Assessments

21

Section II - UPDRS  (score)

AT A A3

= ET
T CT
Figure 5: Independence in daily living activities according to UPDRS —
Section Il (+ S.E.M.), before (A1), 2 days (A2) and 60 days (A3) after end of
training for ET (experimental training) and CT (control training).

a Post-hoc Tukey tests: before training X after training comparison: p < 0.01.

Assessments

There was a significant correlation between the improvements in
the gait parameters and independence in ADL in A2 (SLPI X ADLPI,
R=.46; GSPI X ADLPI, R=.70) and A3 (SLPI X ADLPI, R=.49; GSPI X
ADLPI, R=.75), indicated that the effects of DMCS were generalized to
gait-related ADLs.

To summarize, there was a significant improvement in gait speed,
step length and independence in ADL after ET, which remained 60
days after training.

Discussion

The present study aimed at investigating the effects of the gait
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training based on declarative memory cue strategy on gait performance
in patients with PD.

Two key findings emerged from this study. The first of these was
that DMCS was effective for improving gait speed and stride length in
patients with PD and, the most important, the training effects remained
after 60 days without any additional training. Few studies have shown
long-term results after cue training. Some studies reported retention
of the gait improvements after 4 weeks without training [4,10]. The
most complete studies that investigated the largest number of patients
showed that the effects of the intervention on the gait in absence of
cues reduced significantly after 3 and 6 weeks without training [17,18].
Several factors may have contributed to maintenance of the gait
improvement in the current study: (1) the support of the declarative
system, (2) easy management of cues and, (3) the detailed explanation
on the deficiency in automatic control provided to the patients before
the training in order to emphasize the need of implementation of the
new strategy to minimize the gait disturbance resulting from PD. In
comparison with previous studies, these factors may have facilitated
the continuous use of the declarative memory cues by patients after the
training, increasing the retention of the training effects [51-53].

The second key finding was that the positive effect was transferable
to gait-related ADL, considering the improvements in the independence
in ADL. These results suggest that, after training, DMCS can be used by
patients at home. The tool used to assess the effect on ADL (section II
of the UPDRS) has been widely validated and assesses the perception
of the patients themselves regarding their performance in ADLs,
over the preceding two weeks [49]. The analysis of the longitudinal
metric attributes of the UPDRS showed that the independence in
ADL is a valid measure for follow-up of PD patients, being more
precise than other scales [54]. Additionally, the minimal clinically
important change in reference to the status before treatment for the
UPDRS-ADL score is two points for Hoehn and Yahr stages 1-2 and
three points for Hoehn and Yahr stage 2-3 [55]. Therefore, the mean
change found in the current study of 3 points (17.93 £+ 4.44 to 14.83 £
4.13), can be considered clinically important. This represents a further
considerable contribution to gait treatment in the light of a systematic
review on effects of external cues on gait, which concluded that, despite
reliable results in laboratory tests, the evidence of generalization of
improvement to gait-related ADLs are limited [56].

Taken together, these findings indicate that the DMCS constitutes
an important alternative to treatment of gait dysfunction in PD. One
of the mechanisms that might be involved in this strategy could be the
attention to movement. Undoubtedly, the increase in attention on gait
is an important mechanism activated in this strategy, given the need to
retrieve the cues from declarative memory and to manage them during
gait. This process most likely depends on working memory and it is well
known that this memory module is closely associated with attention.
Some studies have indicated that working memory is hampered in PD
[57,58] but, even considering that patients in the current study might
have had undetected working memory deficits, this would not impair
their ability to use the declarative cues. Moreover, it is important to
point out that the CT in this study also involved increased attention
on gait, and yet positive effects have not been found. Thus, there are
two possible alternative explanations behind the differences observed
between results obtained from the two strategies: the DMCS allows
best engagement of attention, or attention is not the most important
factor in improving gait. Further studies are necessary to elucidate
possible differences in the demand of attention between the strategies,
since this goes beyond the scope of this study. Considering the second
possibility, we believe that declarative cues were a key factor impacting

the results. After memorization and training, the cues not only engage
the patient’s attention to their foot movements, but also facilitate
the movement chunking involved in the gait, triggering the next
movement into a previously memorized sequence. It may compensate
the deficiency in automatic control on gait associated to the lack in
the movement chunking [40,41]. This evidence sustains the possibility
of compensation from declarative memory for implicit deficiency,
suggesting a cooperative interaction between the two systems. Recent
findings have confirmed the possibility that the declarative memory
system is able to compensate the deficiency in the implicit memory
system in individuals with striatal damage (e.g., individuals with PD),
minimizing the lack in automatic control [35]. Although the level of
gait automaticity after training has not been investigated by the current
study, it is reasonable to assume that DMCS might have minimized
the deficiency in automatic control of gait due to the facilitation in
movement chunking and gait programming, since long-term effects
and generalization to gait-related ADL were observed. According to
our knowledge, this is the first evidence about the clinical potential of
training based on this type of compensatory strategy for improving of
the gait performance. The positive results found may have important
implications for the development and modification of interventions,
which could improve rehabilitation programs for patients with PD.

Besides the limitation of our study previously outlined, a further
limitation is the absence of specific tests to assess declarative and
working memory capacity. Although the Mini-mental exam evaluated
memory and attention, it is not specifically for these memory modules.
Additional studies are necessary to investigate a possible correlation
between the memory function and effects of the DMCS. Further
studies are also necessary to investigate the effects on DMCS on gait
performance under dual-task condition in order to investigate the level
of attention demanded before and after the intervention.

In conclusion, DMCS leads to significant long-term improvements
in gait performance in patients with PD. Consequent improvements
in independence in ADL demonstrate the usefulness of this strategy in
motor rehabilitation of such patients.
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