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The rationale for motor learning in Parkinson’s disease

G. ABBRUZZESE, C. TROMPETTO, L. MARINELLI

Parkinson’s disease (PD) is a chronic progressive dis-
order mainly affecting the motor system. PD is only par-
tially controlled by symptomatic dopaminergic treat-
ment. Therefore, motor rehabilitation can be used in
PD to reduce complications and to train patients in the
use of compensatory movement strategies. Rehabilitative
practice is largely dependent on the efficiency of motor
learning, i.e. the acquisition of new abilities or the adap-
tation of pre-existing ones. Although patients with PD are
able to improve their motor performance through prac-
tice, the amount and persistence of clinical benefit are
uncertain. Both “implicit” (procedural) and “explicit”
(declarative) features of motor learning have been exten-
sively investigated in patients with PD using neuropsy-
chological testing, serial reaction time paradigms, and
analysis of reaching movements. Evidence from these
studies suggests an early impairment of “explicit” learn-
ing in PD, while “implicit” learning is relatively pre-
served. The consolidation of learned motor tasks is
defective in PD and the mechanisms of motor learning
seem to be independent from dopamine-replacement
therapy. The knowledge of motor learning in PD is crit-
ical in designing more effective rehabilitative protocols. 

KEY WORDS: Parkinson disease - Rehabilitation - Exercise ther-
apy - Memory.

Idiopathic Parkinson’s disease (PD) is defined patho-
logically by the loss of dopaminergic neurons in

the pars compacta of the substantia nigra (with the
presence of neuronal inclusions, the Lewy bodies)
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and clinically by some combination of motor (rest
tremor, rigidity, bradykinesia) as well as non-motor
symptoms.1 PD is a common neurodegenerative dis-
order affecting more than 250 patients per 100 000 2
and can be considered as one of the major reasons of
neurological disability, causing a significant econom-
ic burden. PD has a chronic progressive course, main-
ly affecting the motor system, and is responsible for
a severe motor impairment. The cause of the disease
is still unknown so that no “cure” or neuroprotective
treatment is so far available. On the other hand, the
symptomatic dopaminergic treatment is very effec-
tive in the early phases, but progressively loses its
efficacy. In addition, there are symptoms (such as
postural instability with falls, gait disturbances and
freezing, and cognitive impairment) that are not
responsive to dopaminergic stimulation; it has been
demonstrated that the most disabling long-term prob-
lems of PD are related to the occurrence of symp-
toms that are not improved by levodopa.3 Eventually,
in spite of optimal medical/surgical management,
patients’ autonomy in daily living activities is severe-
ly reduced in the late phases and there is no rescue
treatment for mobility and postural problems. 

Therefore, there is a solid rationale for motor reha-
bilitation in PD which is aimed at improving quality
of life. Recent evidence-based reviews 4, 5 demon-
strated that multidisciplinary rehabilitation in PD can
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be effectively used to prevent or cut down secondary
complications due to reduced mobility, but also to
teach and train patients with PD in the use of com-
pensatory movement strategies in order to optimize the
residual functional capacities and compensate for
their defective abilities. 

Motor rehabilitation may be regarded as a process
of relearning how to move in order to satisfy per-
sonal needs and it is based on the assumption that
practice or training leads to improvement of skills.6
Therefore, motor learning includes the acquisition of
new “abilities” (movement programming and execu-
tion) as well as the adaptation of pre-existing and
acquired “abilities”.7 The knowledge of the efficiency
of motor learning in patients with PD is a critical issue
in planning effective rehabilitation protocols.

Motor learning

Motor learning is the process of improving the
motor skill through a relatively permanent change in
behaviour that occurs as a result of experience and
practice. Motor learning is essential for effortless exe-
cution of complex sequential movements (speaking,
walking, typing, playing instruments) that constitute
a critical part of everyday life activities, but it is also
important for calibrating smoothness and accuracy of
simple movements. 

Different modalities of learning have been identified.
“Implicit” or “procedural” learning has been charac-
terized as a non-declarative process, where people
are exposed to information, and acquire knowledge
of that information simply through exposure. The
acquisition of such motor skills can be documented by
increased accuracy or speed of performance. On the
other hand, “explicit” learning is characterized as an
active process where people seek out the structure of
any information that is presented to them. This declar-
ative or explicit memory implies the conscious aware-
ness of the learned information.

The two learning modalities can be selectively
impaired in different populations and are likely to
depend on distinct neural circuits.8 Explicit memory
has been associated with the functional activity of
medial temporal lobes and of the diencephalic struc-
tures, while the anatomical and physiological sub-
strates of implicit memory are more uncertain.
However, imaging studies in normal subjects have

shown the activation of striatum, premotor, and sup-
plementary motor area during implicit learning tasks.9
In particular, network analysis of the PET data 10

revealed distinct brain activation patterns associated
with acquisition of performance (left dorsolateral pre-
frontal cortex, DLPFC; rostral supplementary motor
area, SMA; anterior cingulate cortex; left caudate and
putamen) and with retrieval of performance (bilater-
al premotor cortex; right precuneus and posterior
parietal cortex).

In addition, an impairment of procedural motor
learning has been consistently reported in patients
with various movement disorders (Huntington’s dis-
ease, Parkinson’s disease, and dystonia) 11 suggesting
that basal ganglia might be specifically involved in
the neural circuits underlying implicit learning. 

Motor learning in Parkinson’s disease

Using an accurate neuropsychological testing, it is
possible to demonstrate subtle signs of cognitive
impairment even in the earliest stages of the disease.12-

15 Cognitive changes regard multiple domains, includ-
ing particularly “frontal” executive functions: working
memory, attentional set-shifting, temporal sequencing,
and visuomotor processing.16, 17 The mechanisms
underlying these deficits are not fully understood and
the relationship between cognitive signs and
antiparkinsonian treatment is uncertain.18 Nevertheless,
the occurrence of cognitive deficits may worsen motor
dysfunction of PD. In addition, they may affect the
ability to learn and retain motor tasks raising the issue
whether patients with PD are capable of and may
benefit from motor learning. 

Early studies provided inconsistent data about the
possible impairment of motor learning in PD.
Parkinsonian patients appeared able to improve
their performance with practice, thus partially com-
pensating bradykinesia and defective force pro-
duction. However, they showed difficulties in the
acquisition of new motor “set” 19 and the ability to
use advance information (“pre-programming”)
required more practice than control subjects to
achieve comparable levels of performance.20, 21 Other
studies suggested that patients with PD did not dif-
fer from normal subjects in the processes of motor
adaptation and motor skill learning.22, 23 In summa-
ry, Parkinson patients do benefit from practice but
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the amount of benefit is generally lower than in
normal control subjects.24

Several questions, however, remained unresolved.
In particular, it was uncertain whether sequence learn-
ing was already affected in early PD, since defective
learning was apparently correlated with the severity
of motor signs (bradykinesia).25 Finally, it was not
clear whether PD was associated with an impairment
of explicit sequence learning, where (at variance with
implicit learning) working memory and attention play
a major role.

Implicit memory in PD

Indeed, most of studies investigated motor learning
capabilities by serial reaction time (SRT) paradigms.26

In such paradigms, subjects are required to respond
as quickly as possible to the presentation of visual
stimuli in different spatial positions. Subjects are
unaware that spatial localization of visual stimuli fol-
lows a repeated sequence. SRT induces mainly a
sequence-specific learning, with minimal demands
on working memory and is not associated with DLPFC
activation.27 The discrepancies between results of SRT
studies (from normal to severely impaired learning) 28,

29 have been interpreted taking into account differ-
ences in patient’s sampling (disease severity, thera-
peutic regimen), methodology, and possible frontal
executive impairment.30 A recent study 31 (using SRT
methodology and neuropsychological testing of declar-
ative memory, executive and visuospatial functions)
showed small differences in sequence learning
between patients and controls. However, patients
with more advanced clinical symptoms tended to
show worse performance, suggesting that “implicit”
procedural learning impairment is not an early feature
of PD, but emerges with progression of the disease
(independently of cognitive dysfunction or dopamin-
ergic medication).

Explicit memory in PD

Studies of motor learning with SRT paradigms can-
not completely discriminate between “explicit” and
“implicit” learning.32 Revisiting the SRT task, Moisello
et al.33 clarified that both explicit (reaction or onset
time) and implicit (movement time) components char-
acterize this approach. This conclusion is supported
by the results of imaging studies.34

However, motor learning can be investigated also

by methodologies other than SRT. One possible
approach is the analysis of “reaching” movements,
where subjects have to move a cursor on a digitizing
tablet with their dominant hand, performing out and
back movements from a central starting point to one
of eight targets (circles) displayed on a computer
screen (Figure 1). Subjects are instructed to make
movements without corrections and reversing sharply
inside each target circle; they receive a feedback of
successful hits (greying of the target). A computer
samples hand positions, elaborating movement tra-
jectory and displaying it on the screen in front of the
subjects (Figure 1). Different protocols can be designed
(timed-response task, reaction time task, pseudoran-
dom sequences). Early detection and anticipation of
targets have a prominent explicit component with
working memory engagement and activation of the
DLPFC.35

Using such experimental protocol (appearance of
targets within a repeated sequence and verbal reports
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Figure 1.—Schematic representation of the experimental apparatus
used to evaluate arm reaching movements. The lower part of the
figure shows the patient sitting with the right arm on a digitizing
tablet and moving a cursor (represented on the screen in front of him).
The upper part of the figure represents the computer screen show-
ing the eight targets. Solid lines show the hand trajectory of out and
back movements (arrows indicate the movement direction) from the
central starting point to the target (which turned grey).
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about the sequence order) it has been shown that
shown that explicit sequence learning is impaired in
early PD.35 Patients showed a learning deficit both
when targets reaching or sequence recognition were
required. Such impairment is independent from slow-
ness in motor execution (bradykinesia) and possibly
reflects early deficits in attention and working mem-
ory resources. Indeed, network analysis 10 showed
topographical abnormalities of brain activation during
motor sequence learning in early stage PD patients:
bilateralization of brain activation and additional cor-
tical activation suggested compensatory mechanisms
for abnormalities in basal ganglia function. It should
be noticed that PD patients with amnestic mild cog-
nitive impairment show a bilateral posterior cortical
dysfunction.36

Memory consolidation in PD

Memory consolidation refers to processes of brain
plasticity by which experiences result in enduring
long-term changes in neural representations.11

In a recent study 37 we analyzed motor memory
consolidation in a group of patients with PD. In the
protocol, subjects were unaware that the display of the
movement trajectory on the screen was rotated by
30°. Subjects can unconsciously compensate the fic-
tive directional error by rotating movement trajecto-
ry in the opposite direction (training). PD patients
and controls were able to adapt to rotation in the
same way. However, when tested after 1-2 days, the
directional error was greater in patients than in con-
trols, documenting a deficit in the consolidation of
implicit memory related to visuo-motor transformation
(Figure 2). Such lack of consolidation was present in
the early stages of the disease and independently
from treatment.

Impaired consolidation of learning a non-motor
procedural task was already documented by a long
term study in patients with PD.38 The mechanisms
underlying the lack of memory consolidation in PD are
not fully clarified. However, it should be noticed that
increasing evidence suggests a critical role of sleep in
the consolidation of memory traces for newly learned
sequences of movements.10 Indeed, patients with PD
are characterized by frequent sleep abnormalities and
homeostatic processes are altered during sleep.39

In any case, the defective consolidation of motor
memories in PD is relevant for planning of rehabili-
tation programs in these patients. It has been shown

that PD patients do benefit from short-term practice
similarly to normal controls, while prolonged prac-
tice is of scarce benefit in improving motor perfor-
mance.40

Effect of antiparkinsonian treatment on motor learn-
ing

PET imaging has demonstrated that the release of
endogenous dopamine is increased in the posterior
putamen and in the anterior caudate of healthy vol-
unteers during implicit or explicit task learning.41

However, levodopa does not improve explicit
sequence learning of parkinsonian patients, in spite of
a significant benefit on motor scores and movement
speed 42 and may even exert a detrimental effect on
cognitive function through impairment in the activa-
tion of occipital association cortex.43 Such observations
are in keeping with functional imaging studies: while
levodopa increased motor-related activation, an acti-
vation decrease was seen during the working mem-
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Figure 2. Effect of overnight consolidation on “implicit” learning in
patients with Parkinson’s disease (PD). The ability to compensate
the directional error to 30° rotation was analysed. During the train-
ing session (black bars) the directional error reduction was similar
between patients with PD and normal age-matched controls. One day
after, during the test session (white bars), the improvement of direc-
tional error was significantly lower in patients with PD than in con-
trols.
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ory task.44 This might suggests that the mesocortical
degeneration may not be predominantly involved in
cognitive deficits of PD or differences in dopamine
metabolism. On the other hand, deep brain stimula-
tion of the internal pallidum is able to improve
sequence learning performance and, at variance with
levodopa, to increase DLPFC activation.45-47

Conclusions

Motor learning is a fundamental step in the reha-
bilitation process of patients with PD. Common expe-
rience suggests that Parkinsonian patients are able to
improve their motor performance through practice
although both amount and persistence of clinical ben-
efit are variable and lower than in healthy subjects.
Behavioural and imaging studies documented that
plastic mechanisms within the corticostriatal system are
defective in PD. In particular, explicit learning is
impaired (early and independently of bradykinesia),
while implicit learning is relatively preserved in the ini-
tial stages of the disease. In addition, the consolida-
tion of motor memories looks defective in PD. Finally,
the role of dopamine and of dopamine-replacement
therapy in motor learning is still uncertain.

The knowledge of mechanisms underlying motor
learning in PD is critical in designing more effective
rehabilitative protocols and in choosing the optimal
strategy to improve motor skills of Parkinsonian
patients.
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