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Abstract
Objective: This study evaluated the effects of extensive motor training in a finger-to-thumb opposition sequence
task on performance and automaticity of patients at early and intermediate stages of Parkinson’s disease (PD).
Methods: Fifteen PD patients in stage 1 of Hoehn and Yahr classification, 15 patients in stages 2 and 3, and 20
healthy matched control individuals, were extensively exposed to a 5-element finger-to-thumb opposition sequence
task, 2 sessions per week, along 5 weeks. On session 1 the participants performed a specified sequence of
movements along 60 seconds in a single-task condition; the number of sequences completed correctly was
recorded. On sessions 2 to 9 the subjects were exposed to 600 repetitions per session of the same sequence of
movements. On session 10 the participants performed 4 different 60-second-duration trials including (1) the trained
sequence and (2) a novel sequence, both in a single-task condition, and (3) the trained sequence and (4) a novel
sequence, both concurrently with a verbal fluency task, therefore in a dual-task condition. The number of sequences
completed correctly was recorded.
Results: All groups exhibited improvement of performance for the trained sequence. However, as expected, this
improvement was relatively greater for the control subjects as compared to that seen for PD patients. Performance
in the dual-task condition disrupted performance of all groups. However, while for control subjects this disruption was
smaller for the trained as compared to the novel sequence, thus indicating automaticity for the trained sequence, for
PD patients disruption was equivalent for trained and novel sequences.
Conclusion: Extensive motor training promotes improvement of performance in PD patients at different stages of
the disease. However, this improvement is not associated with development of automaticity for the trained
sequence. It seems important to take this information into account when planning therapeutic training approaches
for PD patients.

Keywords: Parkinson's disease; Automatic control; Attention;
Learning; Training, Basal ganglia

Introduction
Bradykinesia is among the early symptoms of Parkinson’s disease
(PD) and seems to be related to the patients’ difficulties to perform
learned motor skills automatically. In fact, loss of automatic control has
been claimed to be one of the symptoms of PD [1]. Evidence from
experimental and clinical studies has confirmed a progressive difficulty
to perform learned movements automatically [2-4]. In addition to
deficits in movement neural coding, there would be a failure to shift
execution of movements to subcortical levels. Performance of motor
skills along progression of PD has been associated with increments of
activity in the cerebellum, premotor area, parietal cortex, precuneus
and prefrontal cortex, since these figures differ from those seen in
healthy subjects; those activations are interpreted as a strategy to
compensate for the basal ganglia dysfunction [5]. Despite these neural
compensatory mechanisms, the lack of automatic control of movement
seem to result in impairments in gait, balance, facial expression, speech
modulation, swallowing and routine tasks [6]. In other words,
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automatic control seems fundamental for efficient performance in
these activities.
Deficits exhibited by PD patients during performance of dual-tasks
have also been associated with lack of automatic control. That is, the
patients tend to engage attentional control in order to compensate for
the impaired automatic control of motor performance. Consequently,
the remaining attentional resources are not enough to support
performance of the secondary task. In other words, deficit of
performance in dual-task condition may result from decline in
automaticity [7].
Functionality for daily living activities dependent on the ability to
perform learned movements under dual-task conditions. This would
explain why PD patients exhibit difficulties for daily living activities,
that is, their disturbance would be related to loss in automaticity.
Dan et al. showed that deficits in learning sequences of movements
by PD patients is stronger in later stages of acquisition usually
associated to development of automatic control. Since this effect occurs
before the emergence of the early symptoms [8], it suggests that
automaticity is among the early functions disturbed in PD.
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Not surprisingly, attempts to minimize PD patients’ functional
difficulties in daily living activities not rarely involve training based on
increased attentional control of movement. For instance, external cues,
attentional and cognitive strategies have been used to improve
performance in gait [9,10], transfer [11,12], balance [13-15] and
speech [16] in rehabilitation programs for these patients.
Wu and Hallet gathered evidence that even though slower as
compared to elderly healthy subjects, PD patients achieve automaticity
after training. Among 15 PD patients included in this study, 12 were
capable of maintaining motor performance under a dual-task
condition. However, this was only observed for simple sequences of
movements, defined by the authors as a criterion for achievement of
automatic control. In contrast, only 3 of these patients were considered
to have achieved automatic control when complex sequences of
movements were involved [2]. Wu et al. [7] discussed the potential of
training strategies to promote recovery of automatic control on gait
and balance, relying on the assumption that it is possible to recover
automatic control through repetitive training.
Identification of the PD patients’ ability to achieve automatic
control is critical for orienting training approaches aiming at
improving daily living activities and therefore quality of life of patients
and their families.
This study investigated learning and automaticity resulting from
extensive training in a finger-to-thumb opposition movement task
involving sequences in PD patients at early and intermediate stages of
the disease. The working hypothesis was that PD patients’
improvement along repetitive training is related to attentional control
and not to automaticity, independently on the stage of the disease.

Methods
Participants
Fifteen patients in early stage (stage 1) of PD (EPD Group) and 15
patients in intermediate stage (stages 2 and 3) of PD (IPD Group),
according to the Hoehn and Yahr [17] classification, undergoing
treatment with levodopa, were recruited from PD associations,
following evaluation by an experienced specialist. Healthy volunteers
(N=20) matched for age and gender, recruited from the same
community, were assigned to the control group (CT). Inclusion criteria
involved (1) idiopathic Parkinson’s disease as diagnosed by an
experienced specialist in movement disorders, following the UK Brain
Bank criteria [18], (2) absence of neurological diseases (except for PD
in EPD and IPD groups) and detectable sensory and/or motor
disturbances in hands and arms, (3) a minimum score of 24 on the
Mini-Mental State Examination [19], (4) normal or corrected visual
acuity, and (5) lack of auditory losses. Patients and volunteers with
extensive practice involving hand movements, such as musicians and
typists, were excluded from the study. A total of 50 participants took
part in the study including 28 men and 22 women (see details on Table
1), with mean age of 63.2+9.2 years, right-hand dominance, and mean
of 8+5 years of formal education.
Patients were tested 40 to 120 minutes after their L-dopa dose
(MED on condition), always at the same time of day.
This sample size design relied on a pilot study [20] showing that 12
patients per group is sufficient to a power greater than 0.9 (α=0.05;
ES=0.91).
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Control Group Early PD patients Intermediate PD
Group (n=15)
patients
Group
(n=20)
(n=15)
Age (years)

63.2 ± 9.01

63.7 ± 9.27

66.03 ± 9.63

Gender (male)

12

8

8

duration -

3.61 ± 1.98

8.25 ± 3.30

Motor exam (UPDRS -Section III)

7.15 ± 3.26

22.25 ± 7.20

Mini-Mental
Examination

27.3 ± 1.6

26.7 ± 1.9

Disease
(years)

State 28.2 ± 1.2

Table 1: Age, as expressed by the mean number (+ standard deviation)
of years, number of male subjects per group and scores achieved in the
Mini-Mental Examination, by the Control participants and Early PD
and Intermediate PD patients.
A written informed consent was signed for each participant. The
present research protocol attends to national and international
standards and policies, and was approved by the Ethics Committee of
the Hospital das Clínicas da Universidade de São Paulo, São Paulo,
Brazil (protocol 581/02).

The Finger-to-thumb Opposition Sequence Task
A finger-to-thumb opposition sequence task [21] was employed.
The fingers of the hand were sequentially numbered 1 to 4, being 1 the
index finger and 4 the little finger. Two sequences of equal length and
complexity were used; one sequence was the reverse of the other
(4-1-3-2-4 and 4-2-3-1-4). One of these sequences was randomly
assigned for the subjects of each group as either the trained sequence
(TS) or new sequence (NS) in a counterbalanced schedule. The
participants were instructed to tap each finger to the thumb following
the informed sequence “as accurately and quickly as possible”.
Independent trials were run for each sequence and for each hand. The
participants performed the task while seated comfortably in front of
the desk where they could support their elbows and forearms. Speed
and accuracy of performance were continuously monitored using a
device attached to each fingertip and the thumb, connected to a
computer programed to record each tap and the sequence of
movements.

Procedure
Performance of each participant was assessed along 10 individual
sessions. Since there were 2 sessions per week in distinct days, this
assessment lasted for 5 weeks. The 1st and 10th sessions consisted of
testing sessions before (BT) and after (AT) training, respectively (see
below). Differently, the 2nd throughout the 9th sessions consisted of
training sessions.
The participants were instructed to tap the informed sequence
repetitively soon after presentation of the auditory stimulus and to stop
doing it upon presentation of the same auditory stimulus. In case of
errors of the tapping sequence, the subjects had to continue the task
without pausing.
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Before-training (BT) Testing
The participants were exposed to the printed sequence of numbers
assigned for them as TS, and asked to memorize it. After 2 minutes
retention of the sequence was assessed by asking the participant to
repeat it verbally. After accurate memorization, the participants
performed the finger-to-thumb opposition sequence task until
completing 10 repetitions of the sequence, in order to get familiarized
with the task. Then, the BT testing was run along 60 seconds using the
TS and the trained hand. They were asked to repeat the movements
corresponding to the sequence “as accurately and quickly as possible”.
This task was performed without the concurrent performance of other
tasks, which was named “single task (ST) condition”. The number of
sequences completed correctly was recorded as the dependent variable.

Training

As expected, performance of the finger-to-thumb sequence task
under the DT condition was poorer as compared to the ST condition,
as revealed by a reduction in the number of sequences performed
correctly. This “cost effect” was expressed by taking the number of
correct sequences performed in the ST condition as one hundred
percent and by calculating the percentage of reduction of the
corresponding score in the DT condition. Then, an additional ANOVA
having Groups (CT, EPD and IPD) as the between subjects factor, and
Sequence (TS and NS) as the within subjects factor was run for cost
effects.
The effect sizes (ES) were calculated for all ANOVAs (alpha=0.05).
A Tukey HSD post-hoc test was performed whenever required.
Statistical software version 11.0 (StatSoft, USA) was used for all
analyses. P-values smaller than 0.05 were considered statistically
significant.

Along training sessions (2nd throughout 9th sessions), the
participants were re-exposed to the TS printed sequence and then
asked to perform it following the same instruction provided during the
BT testing, in a ST condition.

Effects of repetitive training

Each training session consisted of 600 repetitions of the TS,
organized in 4 consecutive blocks of 120 repetitions each. There was a
resting interval of 2 minutes after each block.

Figure 1 shows the mean number of sequences performed correctly
by the EPD, IPD and CT subjects, during performance of the trained
sequence in a single-task condition, both in the BT and AT sessions.

After-training (AT) Testing
Performance during after-training (AT) testing was evaluated in 4
distinct trials in which the TS and NS sequences were performed either
alone (ST condition) or concurrently with another task [dual-task
(DT) condition–see below]. Therefore, the AT testing involved
evaluation of performance (1) using the TS in a ST condition, (2) using
the TS in a dual-task (DT), (3) using the NS in a ST condition, and (4)
using the NS in a DT condition, in this sequence. The intertrial interval
was 2 minutes. The basic procedures employed in each case were the
same as those employed in the BT testing, except for the inclusion of
the DT condition.
The concurrent task employed for the DT condition involved a
phonological form of verbal fluency task. That is, the participants had
to state a load as many words as possible beginning with either “F”, “A”
or “S” letters, concurrently with performance of the finger-to-thumb
sequence task. Different letters were counterbalanced for participants
within each group.
Comparisons of performance using the TS in a ST condition before
and after the training allowed evaluation of the effect of repetitive
training. Comparisons of performances in the ST conditions as
compared to those seen in corresponding DT conditions allowed
evaluation of automaticity.

Results

The ANOVA including these scores revealed significant main effects
for Groups (F2, 40=16.1, P<0.00001, ES=0.99) and Testing Session (F1,
40=153.9, P<0.000001, ES=.99), and a significant interaction effect for
Groups x Training Session [F2, 40= 8.28, p<0.001, ES=0.94]. This later
effect seems to be related to a greater relative improvement by controls
subjects as compared to both EPD and IPD groups. Post-hoc
comparisons using the Tukey HSD test indicated that the mean
number of correct sequences in the AT testing session was significantly
greater when compared to the corresponding scores in the BT testing
session, thus reflecting task acquisition by all groups. In addition, as
expected, performance of the IPD group was significantly inferior as
compared to CT scores, both in the BT and AT testing sessions.
Furthermore, performance of EPD group was significantly inferior, as
compared to CT subjects, in AT testing session but not in the BT
testing session.
Thus, repetitive training lead to improvements of performance in a
finger-to-thumb opposition sequence task, by both EPD and IPD
patients, despite their inferior performance relative to that seen in
healthy volunteers. In addition, the relative improvement of
performance after training, as compared to the corresponding group’s
performance before training, was greater in the control subjects
(Figure 1).

Data Analysis
The Kolmogorov–Smirnov and Levene tests were used to assess
normality and homogeneity of variance of the number of sequences
performed correctly, respectively, for all measures.
The number of TS sequences correctly completed was subjected to a
Repeated Measures Analysis of Variance (ANOVA), having Groups
(CT, EPD and IPD) as the between subjects factor, and Testing Session
(BT and AT) as the within subjects factor. This allowed evaluation of
the effect of repetitive training on performance of TS.
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Figure 1: Mean number (+ S.E.M.) of the number of sequences
performed correctly by the Early (EPD) and Intermediate
(MPD=IPD) PD patients, and Control (CT) subjects, during
performance of the trained sequence (TS) in a single-task (ST)
condition, in testing sessions run before (BT) and after (AT)
training. a. Post-hoc Tukey tests: before training X after training
comparison: p<0.001. b. Post-hoc Tukey tests: control group x early
PD group comparison: p<0.005. c. Post-hoc Tukey tests: control
group x intermediate PD group comparison: p< 0.005

Disruption of performance with TS and NS sequences in the
dual-task condition
The present study evaluated automaticity effects by introducing a
secondary concurrent verbal fluency task during performance of the
principal finger-to-thumb sequence task, and compared performance
in this dual-task condition with that seen when the principal task was
performed alone.
The ANOVA including these cost effects revealed significant main
effects for Groups (F2, 36=26.1, P<0.000001, ES=0.99) and Sequence
(F1, 36=3.76, P<0.05, ES=0.61), and a significant interaction effect for
Groups x Sequence [F2, 36=4.35, p< 0.01, ES=0.79]. Post-hoc
comparisons using the Tukey HSD test indicated that the mean cost
effects were inferior for TS in comparison to NS only for CT. In
addition, surprisingly, the cost effects for TS and NS was similar for
EPD and CT. Furthermore, cost effects of IPD group was significantly
superior, as compared to CT and EPD subjects, for both sequences (TS
and NS).
As can be seen in Figure 2 the cost effects exhibited by CT subjects
in the dual task condition was stronger for the NS as compared to
those seen for the TS, thus revealing automaticity rendered by
repetitive training. In contrast, even though at different levels both
EPD and IPD patients exhibited similar cost effects for both the TS and
NS, thus indicating lack of automatization for the TS (Figure 2).
Finally, note that IPD patients exhibited stronger cost effects for TS
and NS as compared to the other groups (Figure 2) thus emphasizing
that progression of the disease render PD patients more dependent on
attentional resources.
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Figure 2: Mean percentage of reduction (+ S.E.M.) in the number of
sequences performed correctly by the Early (EPD) and Intermediate
(MPD=IPD) PD patients, and Control (CT) subjects, during
performance of trained (TS) and novel (NS) sequences, in the dualtask condition relative to that seen in the single-task condition
(performance in the corresponding single-task condition was taken
as 100%). a. Post-hoc Tukey tests: TS X NS comparison: p<0.005. b.
Post-hoc Tukey tests: early PD group x intermediate PD group
comparison: p<0.001. c. Post-hoc Tukey tests: control group x
intermediate PD group comparison: p<0.001.

Discussion
This study investigated the ability of patients in early and
intermediate stages of Parkinson’s disease to learn a finger-to-thumb
opposition sequence task by repetitive training, and to which extent
these patients were capable of achieving automaticity.
Repetitive training led to improvement of performance for both
EPD and IPD patients, and CT subjects (Figure 1). Data also showed
that the proportion of improvement by EPD and IPD patients after
training, relative to their performance before training, were similar
(Figure 1). That is, even though exhibiting different basal levels of
performance, the amount of improvement rendered by repetitive
training were equivalent for both EPD and IPD groups. In contrast, the
relative amount of improvement achieved by CT subjects was greater
(Figure 1), confirming data or a prior study [22], rendering plausible to
hypothesize that these subjects were getting the benefit of processes not
available for PD patients. We propose that this process corresponds to
automaticity provided by repetitive training.
This hypothesis was evaluated by comparing performance of EPD,
IPD and CT subjects in the finger-to-thumb opposition sequence task
using both an extensively trained sequence and a novel sequence, in a
dual-task condition involving concurrent performance in of a verbal
fluency task. If extensive repetitive training had rendered some degree
of automaticity for the trained sequence the dual-task-induced cost
effect on performance would be smaller as compared to that seen for
the novel sequence.
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Results clearly showed that performance of both trained and novel
sequences under the dual-task condition disturbs performance of CT,
EPD and IDP subjects, and that this disturbance was stronger for IDP
subjects. In addition, there was a differential sequence effect in CT
subjects, with minimal disturbance when testing in the dual-task
condition involved the TS and a stronger disturbance when it involved
the NS. This result suggests that automaticity provided by repetitive
training partially prevents the disruptive effect induced by the dualtask condition. Interestingly, this differential sequence effect was not
observed for both the EPD and IPD patients, thus indicating that even
though these patients improve performance along repetitive training
they do not get the benefit of automaticity.
In other words, extensive training for EPD and IPD patients was not
enough to allow reduction of attentional control in order to perform
both repetitive and novel sequences. These results have important
implications for designing rehabilitation approaches for patients with
Parkinson’s disease.
Despite their motor difficulty, patients with Parkinson’s disease are
capable of improving motor performance following repetitive training,
even when classified in intermediate stages of disease’s progression. In
other words, even though exhibiting an important reduction in
movement speed as compared to patients in early stages of Parkinson’s
disease, patients in intermediate stages of the disease exhibited similar
proportions of improvement following repetitive training.
Patients in early stage of the disease, despite reaching similar levels
of performance relative to those seen in healthy participants before
training (Figure 1), were unable to reach the same level of performance
after the training. This might suggest an initial reduction in the
learning process efficiency, as predicted by Pavão’s et al. model [23],
and suggest that patients with Parkinson’s disease may require
additional training in order to reach the same level of learning than
healthy individuals [2].

automaticity has been associated with increments in effective
connectivity between motor areas, including cerebellum, cingulate
motor area, supplementary motor area, and posterior putamen.
Patients with Parkinson’s disease exhibit greater activations in the premotor area, parietal cortex, and cerebellum while performing repetitive
movements, suggesting that compensatory mechanisms engage
additional neural networks as compared to those of healthy people
[28].
Neural correlates of repetitive movement in healthy subjects
indicate the occurrence of a shift of control as the new motor skill
become automatic, engaging the striatum. Patients at early stages of
PD seem to adopt compensatory strategies to perform repetitive
movements, because their automatization mode is not efficient [3].
Results of the present study involving dual-task condition confirm
that patients in early stages of Parkinson’s disease adopt compensatory
strategies to perform repetitive and novel tasks. However, these
strategies were not enough to sustain automatic control of the learned
sequences. In other words, these patients have lost automaticity and
this loss seems not possible to be reverted even after extensive
repetitive training.
This conclusion, even though consistent with the data, requires
confirmation, since a relatively small sample of patients participated in
the present study. Additional studies involving greater samples of
patients at different stages of the disease would be desirable.
The results of the present study bring important implications for the
choice of therapeutic training approaches. Since loss of automaticity
related to the disease cannot be reverted by extensive training,
therapeutic approaches might focus on increasing compensatory
mechanism, instead of insisting in recovery of automatic control.

Conclusion

In other words, extensive training can help patients in early and
intermediate stages of Parkinson’s disease progression to improve
motor performance. Therefore, motor repetitive training for deficient
movements might be considered a useful and effective strategy to
minimize reduction of functional losses in these patients, thus helping
to improve their quality of life.

Patients in early and intermediate stages of Parkinson’s disease are
capable of improving performance of sequential movements through
repetitive training. However, they are not able to achieve automatic
control of these movements.

There have been proposals that disruption of performance by PD
patients in the dual-task condition is associated to executive
dysfunction [24,25]. Data of the present study emphasized that PD
patients engage attentional control in order to perform sequential
movements independently on the degree of prior training with these
movements. In addition, data involving EPD patients showed that their
level of performance for the NS in a dual-task condition was similar to
that seen for healthy volunteers, thus indicating that their ability to
deal with the requirements of both tasks simultaneously was preserved.
Therefore, disruption of PD patients in early stages of the disease in
dual-task conditions seems more parsimoniously interpreted as
reflecting a disruption of automaticity.

1.

Thus, improvement of performance of these patients after training
seems to be related to compensatory mechanisms dependent on
attentional control, being the slight deficiency observed relative to
healthy subjects possibly related to limitations in this kind of
compensatory strategy.
In fact, movement automatization in healthy individuals seems
related to increments in neural efficiency [3,4,26,27]. That is,
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