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Abstract. Action observation (AO) and motor imagery (MI) has emerged as promising tool for physiotherapy intervention in
Parkinson’s disease (PD). This narrative review summarizes why, how, and when applying AO and MI training in individual
with PD. We report the neural underpinning of AO and MI and their effects on motor learning. We examine the character-
istics and the current evidence regarding the effectiveness of physiotherapy interventions and we provide suggestions about
their implementation with technologies. Neurophysiological data suggest a substantial correct activation of brain networks
underlying AO and MI in people with PD, although the occurrence of compensatory mechanisms has been documented.
Regarding the efficacy of training, in general evidence indicates that both these techniques improve mobility and functional
activities in PD. However, these findings should be interpreted with caution due to variety of the study designs, training
characteristics, and the modalities in which AO and MI were applied. Finally, results on long-term effects are still uncertain.
Several elements should be considered to optimize the use of AO and MI in clinical setting, such as the selection of the
task, the imagery or the video perspectives, the modalities of training. However, a comprehensive individual assessment,
including motor and cognitive abilities, is essential to select which between AO and MI suite the best to each PD patients.
Much unrealized potential exists for the use AO and MI training to provide personalized intervention aimed at fostering
motor learning in both the clinic and home setting.
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INTRODUCTION

Parkinson’s disease (PD) is a neurodegenera-
tive disorder characterized by motor and non-motor
symptoms [1]. While there is no cure for PD,
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therapeutic interventions aim to alleviate symp-
toms through pharmacological therapy, surgical
approaches (deep brain stimulation) and reha-
bilitative interventions [2]. Physiotherapy in PD
encompasses several types of training, from aerobic
exercises to motor-cognitive combined approaches,
with the goal of improving motor function, activities
of daily living and quality of life [3–5].

In recent years, there has been growing interest in
the use of action observation (AO) and motor imagery
(MI) as rehabilitative techniques in PD, owing their
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potential to engage and enhance, via motor learning
mechanisms, motor circuits within the brain [6–9].
Both AO and MI involve the internal simulation of
motor programs without physical movement execu-
tion and activate a wide network of brain regions,
which partially overlap with those involved in actual
motor execution [10, 11].

Usually, AO training (AOT) involves observing
and imitating movements performed by others. This
process is facilitated by specialized neurons in our
brain called mirror neurons which fire both when
we perform a particular action and when we observe
someone else performing the same action. This phe-
nomenon, known as “motor resonance”, facilitates
the activation of motor pathways, promoting and
potentially improving the acquisition of motor skills
[12].

MI training (MIT) involves the mental rehearsal of
movements or actions without overt motor output,
followed by the physical execution of the imag-
ined movement or action. This includes recalling the
sensory consequences (visual or kinesthetic) of the
action and envisioning the desired outcome of the
imagined movement. By mentally rehearsing a motor
skill, individuals can reinforce neural connections
and enhance their ability to execute the same skill
during physical performance [13].

In this paper we explore emerging knowledge in
using AO and MI as physiotherapy techniques to
enhance motor performance in individuals with PD.
Firstly, we briefly summarize the underlying neural
mechanisms of AO and MI in healthy individuals and
in people with PD. Then, we revise evidence regard-
ing the effects of AO and MI training on PD-related
motor symptoms.

By understanding the current state of research and
the implications of these techniques, we hope to con-
tribute valuable insights to the field of physiotherapy
for PD and pave the way for further advancements in
this area of study.

AO AND MI NEUROPHYSIOLOGY IN
HEALTHY PEOPLE

AO and MI are motor-cognitive mechanisms that
share substrates with movement execution, relying on
the process of movement preparation and involving
the premotor cortex (ventral and dorsal), supplemen-
tary motor area (SMA), pre-SMA, inferior frontal
gyrus (IFG), superior and inferior parietal lobule
(SPL and IPL), intraparietal area, and the primary

motor cortex (M1) [10, 11, 14, 15]. Recent fMRI
studies in humans, have provided supportive evi-
dence for the involvement of cortical-cerebellar and
cortico-striatal (e.g., striatum, SNT) networks, like
motor execution [16, 17]. This suggests the possible
contribution of the cerebellum and basal ganglia to
an extended mirror neuron system [11]. Conversely,
the involvement of the primary motor cortex (M1)
in AO and MI studies has been a subject of contro-
versy, with inconsistent findings across neuroimaging
studies. Methodological factors and task instructions
may contribute to these discrepancies [10, 11, 18,
19].

However, the neural activation patterns associated
with AO and MI differ, reflecting the different sources
of information that each process relies on. AO is
primarily driven by visual stimuli, such observing
others’ behavior and is associated with activation in
occipital regions [10]. On the other hand, MI relies
on internally generated stimuli involving the reac-
tivation of motor representations stored in memory.
During MI, there is a decreased level of activation in
sensory cortical regions, somatosensory cortex, SPL
[13] and visual areas, which can be attributed to the
absence of somatosensory input. The activation of
visual cortical regions during MI is task-dependent,
with the type of imagery (kinesthetic or visual) influ-
encing the pattern of activation [11]. Furthermore,
consistent recruitment of the dorsolateral prefrontal
cortex (DLPFC) during MI has been linked to the
frontal-executive functions (i.e., working memory),
involved in motor preparation [10, 13]. Additionally,
recent studies suggest that the retrieval of episodic
(perceptual) memories aids image construction dur-
ing MI [18] suggesting that also posterior (middle)
areas of the cingulate, are recruited during imagery
processes [20].

Finally, it has been shown that combining AO and
MI lead to a greater activation of shared neural areas
and enhances corticospinal excitability compared to
using AO or MI alone [21, 22]. This may suggest the
synergistic effects of integrating AO and MI in motor
processes.

AO AND MI NEUROPHYSIOLOGY IN
PARKINSON’S DISEASE

The Mirror Neuron System (MNS) is activated
in people with PD, but with some differences with
respect to healthy controls [23]. A pilot study [24]
reported reduced �-rhythm desynchronization in cor-
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tical areas near M1, compared to healthy controls.
A previous study on AO in PD patients with freez-
ing of gait (FoG) [25], revealed a reduced activity in
the precentral and SMA areas, in comparison with
controls. Impaired functionality of fronto-parietal
areas during AO of gait has been also reported in
individual with PD especially in those with FoG,
with respect to control group [26]. During both a
“FoG-observation-task” (consisting of watching a
patient experiencing FoG during a walking task)
and a “gait-observation-task” (consisting of watching
a healthy subject performing similar walking tasks
without experiencing FoG) PD-FoG patients showed
reduced activity of the fronto-parietal MNS relative
to controls [27]. In the “FoG-observation-task” rela-
tive to the “gait-observation-task”, PD-FoG patients
revealed an increased recruitment of the anterior
medial prefrontal cortex and a reduced recruitment of
the dorsomedial prefrontal cortex and hippocampus
relative to controls. Unfortunately, so far evidence
on neurophysiological substrate of AO in PD is
scarce and limited particularly to patients in a more
advanced stage (with FOG). Further research is
needed to better understand MNS network function
in PD.

The accessibility of MI in subject with PD is
also a topic of ongoing discussion. Brain activation
patterns during MI may differ in individual with
PD [28–30]. Peterson and co-workers [31] showed
that, in the OFF-medication state, individuals with
PD were able to imagine walking but with differ-
ent patterns of brain activation compared to healthy
controls. They exhibit reduced activity in globus pal-
lidus and increased activity in the SMA not only
during imaged gait but also in complex tasks, such
as imaged turning [31] and imaged backward walk-
ing [32]. Neuroimaging studies also suggest that PD
subjects with freezing of gait (FOG) exhibit greater
activity in the mesencephalic locomotor region and
decreased activation of SMA and parietal areas dur-
ing imagined walking compared to those without
FOG. Interestingly, this hyperactivity in MLR corre-
lates with severity and duration of FOG [33]. A more
recent fMRI study [34], during an imaged turning
task, found a higher activation of the superior occip-
ital gyrus, left precentral gyrus, and right postcentral
gyrus in freezers compared to non-freezers indicat-
ing the compensatory roles of visual information in
imagery process. EEG studies have revealed that a
10-minute session of kinesthetic imagery enhances
the activity of prefrontal cortex including DLPFC
[35].

AO AND MI TRAINING: GENERAL
CHARACTERISTICS

Several characteristics should be considered when
AOT and MIT are applied:

– First-Person (1stP) vs. Third-Person (3rdP) Per-
spective: AOT and MIT can be performed from
the perspective of the person performing the
action (1stP) or from an external observer’s
perspective (3rdP). Studies in healthy subjects,
results suggest that AO and MI delivered in 1stP
perspective elicit greater activation of the MNS
[36] and more embodied sensorimotor activity
[13] compared to 3rdP perspective. The effec-
tiveness of these perspectives for motor learning
is still under investigation.

– Motor Task Complexity: The complexity of the
motor task being observed or imagined can
influence the effectiveness of AOT and MIT.
Observing or imagine more complex motor tasks
may take longer and deteriorate imitation abili-
ties after AO or the quality of MI. In some cases,
a 3rdP perspective both for AO and MI might be
more beneficial for fostering motor learning [6,
37].

– Familiarity of Movement: The familiarity of the
movement being observed or imagined plays a
role in the effectiveness of AOT and MIT. Indi-
viduals are likely to perform better mentally and
physically if they have prior experience with the
task [38]. The activation of the MNS is also
greater when the observed actions are part of
the individual’s motor repertoire [39].

– Goal-Directed Transitive Actions: Actions
involving interaction with objects and having a
clear goal are associated with greater activation
of the MNS [40] compared to movements out
of context [41]. This is because goal-directed
movements are abstractly encoded based on their
goal, regardless of the effector used to accom-
plish them [42].

– Consecutive vs Concurrent modalities. AOT and
MIT can be applied consecutively, where the
individual observes the action and then performs
it, or concurrently [43, 44], where they observe
the action while simultaneously performing it
[43, 44].

– Duration: It is important to notice that AOT and
MIT necessitate distinct durations. To uphold a
heightened focus during AOT, it is suggested that
each video does not exceed a duration of 1.5 min-
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utes. Moreover, the overall session duration for
AOT should ideally range from a minimum of 30
minutes to a maximum of one hour. Conversely,
MIT sessions may have a shorter duration than
AOT, ranging from a minimum of 15 minutes
to 40 minutes. The shorter duration is attributed
to the increased cognitive load associated with
MIT.

– In consideration of different patient profiles,
including executive and attentive abilities, it
is plausible to hypothesize a training regimen
involving progressively challenging AO and MI
exercises.

Taking these different elements into consideration
can help optimize the application of AOT and MIT in
motor learning and rehabilitation programs for people
with PD.

MI ASSESSMENT

To date, various methods are employed for clini-
cally testing MI ability (for review see, Di Rienzo,
(2014) [29, 45] and Malouin (2013) [29, 45]. These
include:

– Standardized questionnaires: these assess the
MI “vividness” and “ease”. Participants provide
scores on a 5 or 7-level Likert scale.

– Logbooks: used to collect vividness, ease and
accuracy of MI

– Tests (e.g., “congruency” and “mental rota-
tion”): these typically address the accuracy of
imagery

– Mental chronometry: involves recording the
duration of MI. It allows the measurement of
temporal correspondence between imagery and
physical execution time. The MI accuracy is
often measured as “temporal equivalence” and
“isochrony”.

– Oral debriefs: these are used to check adher-
ence to MI instructions, although the interview
procedures have been poorly described.

AO AND MI TRAINING IN PARKINSON’S
DISEASE

WHY do we apply AOT and MIT in PD?

The use of AO and motor imagery MI training in
PD is driven by two main reasons.

First, there is substantial evidence from studies
in healthy individuals suggesting that both AO and
MI can induce motor learning similar to movement
execution. Motor learning involves repeated interac-
tions with the environment to change motor behavior
[46, 47], and this process can be accomplished by
repeatedly observing an action [48–51] or mentally
imagining it [52, 53]. Accordingly, neuroplasticity in
the sensorimotor network, a major neurobiological
substrate of behavioural learning outcomes [54] can
be induced by both action observation [55, 56] and
motor imagery training [50, 57].

Secondly, in individuals with PD, MI ability and
MNS seem to be relatively preserved. Indeed, in
early-stage PD, the vividness and accuracy of MI
appear to be maintained in both simple [58] and
complex task [59]. Regarding isochrony, it has been
reported that, like motor execution, individuals with
PD imagine movements at a slower pace than healthy
controls [58, 60–63], but this difference can be
reduced through external cueing in imagery [61] and
potentially, through using AO [64]. A substantially
preserved ability for MI, which can also be boosted,
makes MIT a promising tool for physiotherapy in PD.

Related to MNS, some studies suggest that the
MNS may be preserved in PD. Investigations into
subthalamic nucleus activity, which plays a role
in modulating basal ganglia output and motor/non-
motor information sharing across the cortico-basal
ganglia-thalamo-cortical loop, have shown signifi-
cant modulation in beta activity during deep brain
stimulation (DBS) in individuals with PD, particu-
larly in the “on” medication state [65, 66]. Addition-
ally, studies have indicated that voluntary movement
imitation and imitative priming do not differ between
individuals with PD and controls, further supporting
the preservation of the MNS in PD [67, 68].

HOW do we apply AOT and MIT in PD?

In this section, we first summarize available evi-
dence on the effectiveness of AOT and MIT in PD.
Then, starting from this body of evidence we revise
training modalities used in individual with PD.

Action observation training

Recent research has highlighted the applicability
and efficacy of AOT. AOT has been shown to improve
motor and functional outcomes [6, 7, 69–71]. Effec-
tiveness on outcome measure was studied both in the
short and in the long term (1 to 3 months).



S. Mezzarobba et al. / AO and MI Training in People with PD S57

Precisely, AOT has demonstrated effects on static
and dynamic balance, with improvement on Berg bal-
ance and Tinetti scales scores, [25, 72–75] and gait
speed [76]. Moreover, signs of efficacy have been
reported on functional mobility, endurance, and ADL,
tested by means of Timed Up and Go test (TUG)
6 Minutes Walking Test [74], 10-meter walking test
[73], and Functional Independence Measure (FIM)
[77]. In addition, AOT have been shown to reduce
FOG severity, evaluated with Freezing of Gait Ques-
tionnaires [25, 72–74], and episodes, assessed with
Freezing of Gait Diary [72].

Regarding upper limb bradykinesia, AOT was
demonstrated to increase movement rate during self-
paced finger opposition movements [78] and hand
dexterity, tested with the nine-hole peg test [75].

Finally, some studies also reveal a global benefi-
cial effect of AOT with significant improvements on
quality of life [25, 72], and subjective-reported mobil-
ity (tested with PDQ-39, mobility dimension score)
[76].

Noteworthy long term additional benefits on
disease severity (UPDRS-II and UPDRS-III), biome-
chanics of ecological task (Center of Pressure COP,
and moving timings) and quality of life (PDQ-39)
were found when the intervention was associated with
ecological auditory cues [74].

Motor imagery training

The number of trials that specifically evaluate the
effects of motor training based on MI in clinical prac-
tice is limited with marked differences in research
protocol, training regimen, outcome measures and a
small sample size. Plus, results are contradictory.

Positive studies showed that training based on
motor imagery improve mobility, as evidenced by
a reduction in the mean TUG score [79], balance
Tinetti [80], push and release test, turning 360◦ [79],
and daily activities, measured with Impact on Par-
ticipation and Autonomy Scale Questionnaire [79].
Moreover, sign of efficacy was seen after MIT train-
ing on disease severity [79–81] and bradykinesia
measured with a Standing up and lying down test
[81]. Only a case-report study showed improvement
of pain (assessed by Visual analogic scale-VAS) [80]
and only one RCT tested and revealed an improve-
ment in participants’ MI ability (KVIQ) after training
[79]. Two RCT studies reported an improvement
in participant’s body schema [82] and in visuospa-
tial working memory [79]. Effectiveness on outcome
measure was studied both in the short (immediately

after the training [79–81] and in the long term (12-
week follow-up) [80].

Conversely, two studies suggested that MIT may
not confer benefits. The first study by Braun et al. [83]
found no difference between MIT and a relaxation
protocol on mobility (TUG) and walking (10 M Walk
test) parameters, following kinesthetic and visual
MIT, despite observing a larger effects of MI training
in sub-groups of less impaired patients. Similarly, the
second study, a randomized controlled trial by Santi-
ago et al. [84], reported no benefits of MIT added to
physical practice in terms of mobility (evaluated by
means of TUG) and walking, assessed by means of
Functional Gait assessment (FGA). Moreover, kine-
matic parameters of stride length, stance and swing
time, hip range of motion were collected. However,
it’s worth noting that these results refer to a single
session of a multi-level protocol of MIT [84].

Training modalities used in individual with PD

Applying AO or MI in a physiotherapy protocol
in PD involves specific considerations to optimize its
effectiveness.

Action observation training

– Perspective: While the 1st person perspective
has shown potential benefits for balance and
mobility in PD [75], most studies have utilized
the 3rd person perspective as it allows captur-
ing all elements of a motor task more easily [25,
72–74, 76–78].

– Familiarity of movements and tasks complexity:
The selection of observed acts in AOT is crucial,
and they should be linked to the target symptom
and relevant to the individual’s motor repertoire.
Different types of movements have been used
for specific goals. The observation of strategies
to circumvent FOG episodes, such as shifting
weight, wide turning, stepping over obstacles
have been applied in FOG-focused AOT [25,
72–74]. For gait improvement, videos of usual
and dual task walking or different functional
daily actions have been proposed [75–77]. For
improving upper limb function, videos of repeti-
tive finger movements (intransitive movements)
[78] or task-oriented actions (transitive move-
ments) have been used [75]. Videos performed
by healthy actors were commonly used, except
for one study [76] that used gait videos of both
healthy and individuals with PD.
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– Finally, for increasing participants attention
multisensory stimuli, such as action-related
“sonified” sounds or auditory cues, were incor-
porated in the video-clip [25, 74].

– Consecutive vs Concomitant: In general, the
observation of the videos is proposed with an
“attentional” modality (i.e., active watching)
compared to “passive” modality (i.e., watch-
ing without further instructions) [72–74, 78,
85]. Regarding consecutive or concomitant
modalities, all the studies used the consecutive
modality, except for one [74] when AO was com-
bined with movement execution.

– Time, Dosage, Setting: Common session fre-
quency is 2 to 3 times a week for 4 to 8 weeks.
Videos last between 40 seconds to 6 minutes, and
training session 45–60 minutes, with approxi-
mately 25 minutes dedicated to AO [25, 72, 73,
75–78]. Except for one study that administered
AOT in a group setting with multiple partici-
pants [73], most of the studies used a one-to-one
(physiotherapist-patient) training modality [70].
7 studies were performed in clinical setting or
research laboratories, while only 1 was accom-
plished in a home-based setting [76].

Motor imagery training

– Perspective: Four studies required to imagine
both 1stP and 3rdP perspectives [79, 81–83].
Others used only 1stP perspective [80, 84].
Abraham and colleagues [79, 82] employed
the Dynamic Neuro-Cognitive Imagery (DNI)
method, that incorporate different MI categories
(e.g., emotional, metaphorical) and mental-
imagery-related assistive tools (i.e., self-talk and
self-touch).

– Familiarity of movements and motor Tasks:
To enhance MI performance, the familiarity of
the movement should be considered. Functional
tasks such as gait initiation, sitting down, stand-
ing up, walking, and turning in various contexts
have been proposed [79–84].

– Consecutive vs Concomitant: The current MIT
approach focuses on alternated single mental
and physical repetitions of the proposed tasks
to exploit the priming effects of MI on physi-
cal performance [86] and reduce the number of
physical repetitions [87]. Only in one study a
series of mental repetitions was required before
executing the imagined actions [84]. Regarding
consecutive or concomitant modalities, all the

studies used the consecutive modality, except
for two [79, 82] when MI was combined with
movement execution.

– Time, Dosage, Setting: Studies showed effec-
tiveness of MIT vary in training duration ranging
from 2 weeks to 12 weeks with session fre-
quency from 1 time to 5 times a week Training
duration was about from 20 minutes to 2 hour
[79–82]. The modality of MIT training also dif-
fers among studies. Three of the studies used a
one-to-one modality [80, 83, 84], whereas the
other three studies used a group setting, where
multiple participants underwent the MIT inter-
vention together [79, 81, 82].

Finally, it is noteworthy that before implement-
ing AO or MI in a physiotherapy protocol for PD, a
comprehensive individual assessment should be con-
ducted. This assessment should include evaluating
the patient’s motor impairments, disease stage, cog-
nitive abilities, and medication states. Understanding
the specific needs and abilities of each patient will
help tailor the intervention accordingly.

WHEN do we apply AOT and MIT in PD?

In this section, we summarize from the available
evidence the characteristics of individual with PD
which may benefit from AOT and MIT.

Action observation training

Common characteristics of the patients included in
AOT studies can be extracted [6, 7, 69, 71].

These studies typically recruited patients with a
Hoehn and Yahr (H&Y) stage ranging from 1 to
3, indicating a moderate level of motor impairment.
The disease duration was at least 5 years. All par-
ticipants were on a stable dopaminergic medication
regimen for a minimum of 4 weeks prior the inter-
vention. AOT was proposed during their ON phase,
and no patients with DBS were enrolled in any study.
Moreover, studies investigating the effectiveness of
AOT on FOG, recruited participants who experienced
freezing episodes at least once a week, lasting for at
least 2 seconds [25, 72, 73]

In addition to motor impairments, another essen-
tial inclusion criterion common to all the studies
was the absence of severe cognitive deficits (MMSE
> 25). This ensured that participants could effectively
engage in the AOT interventions.
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Motor imagery training

MI is an explicit learning requiring cognitive
load (i.e., working memory) and may induce mental
fatigue [13, 19]. PD patients may exhibit cognitive
decline in attention, executive function, short-term
working memory, and visuospatial memory, which
varies depending on the stage and time of disease
onset [88], potentially reducing MIT effectiveness
[29, 89]. Therefore, a screening for cognitive impair-
ment and MI ability should be mandatory prior to
start MIT training [45].

In studies applied MIT, most of the participants
had no severe cognitive deficits (MMSE score range
26–30; MoCA 23–29) [79–84] and normal visuo-
spatial memory and attention [79, 81]. The H&Y
stage range between 2 and 3 and a disease dura-
tion ranging from 4 to 12 years [79–82, 84]. Only in
one study [83] enrolled patients were in H&Y stage
from 1 to 4 with a disease duration from 4 to 6 years.
MIT was always proposed during ON condition, and
no patients with DBS or FOG were enrolled in any
study.

Two studies [79, 84] assessed MI ability by means
of the VMIQ-2; KVIQ-20 and MIQ-RS score, and
one study [66] encountered MIQ-R – Kinesthetic
score. In only two studies mood severity was assessed
and patients reported a mild depressive status [79, 82].

Combined AO and MI

Recent physiotherapy protocols have explored the
combined use of AO and MI techniques, where
participants observe an action and simultaneously
imagine executing it, based on promising neuro phys-
iological findings associated with their simultaneous
application [21, 22]. A pilot study combining AO-
MI, followed by physical execution, demonstrated
preliminary evidence of effectiveness in improving
dexterity and timed action performance in par-
ticipants with PD [90]. Furthermore, the AO-MI
technique combined with dual-task gait and balance
training resulted in specific functional brain reorgani-
zation in motor control and executive-attentive areas,
leading to lasting improvements in dual-task, mobil-
ity and balance [85]. However, in a different study
by Bezerra et al. [91], no significant improvement
in balance or FOG was observed when AO-MI was
combined with gait training.

Despite these mixed results, there is still poten-
tial for combining AO and MI with gait training to
improve motor function in PD, but further research

is needed to confirm and better understand its effec-
tiveness.

FUTURE PERSPECTIVE

Both AO and MI techniques have the potential
to be administered to patients at home or through
telemedicine, making them easily accessible and fea-
sible for remote interventions.

In addition to their standalone application, these
techniques could be combined with noninvasive
neuromodulation techniques to foster neuroplastic-
ity processes and improve their effectiveness in
rehabilitation programs. Transcranial direct current
stimulation (tDCS), has been explored in combina-
tion with MI. A pilot study [92] combining tDCS with
MI in healthy subjects showed short-term effects on
postural control, suggesting its potential use in phys-
iotherapy programs. Moreover, a recent study [93]
using high-definition tDCS (HD-tDCS) targeting the
inferior parietal lobe (IPL) and inferior frontal gyrus
(IFG), combined with AO, demonstrated improved
reaching time in healthy subjects compared to sham
stimulation.

Another promising approach is the use of neuro
feedback, a technique that provides real-time
feedback from EEG signals to allow individuals to
regulate their own brain activity. An fMRI study
[94] employing neuro feedback-guided motor
imagery in individual with PD showed an improved
self-perceived physical activities level after MI
training. However more recent trials [95, 96] did not
find additional benefit from adding neuro feedback
to MIT in individual with PD in the mid-stage of
the disease. Potential barriers to successful neuro
feedback regulation may include mental fatigue,
distraction, and frustrated efforts during motor
imagery [95]. These challenges should be carefully
considered when incorporating neuro feedback into
rehabilitation programs.

Finally, mild cognitive decline should not be per-
ceived as a constraint to treatment but as a viable
target for intervention, as suggested by recent evi-
dence [97, 98]. Future studies should consider testing
AOT or MIT in PD-MCI patients to assess its impact
on cognitive dysfunctions.

CONCLUSION

Based on the available evidence, both AO and
MI training shown promising results in improving
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Take home messages

◦ AO and MI training are promising tools for physiotherapy in individuals with PD.
◦ Neurophysiological evidence supports that brain networks involved in AO and MI processes are relatively preserved in PD.
◦ Both AO and MI have been shown to improve motor performance and activities of daily living.
◦ Cognitive abilities should be assessed to ensure that the individuals are suitable candidates for MI training.
◦ New technologies can be incorporated to boost the effectiveness of AO and MI training.
◦ Future research is needed to establish consensus on optimal treatment parameters and training modalities.

Fig. 1. A) Depiction of AO and MI networks in human brain. AO task predominantly activates premotor and motor regions (Premotor cortex
(PMC), supplementary motor area (SMA), pre-SMA and M1 (green)), parietal areas, (parietal lobule (PL) and intraparietal areas (purple))
and visual areas (red). MI task activates regions including PMC, SMA, pre-SMA and M1 (green), PL and intraparietal area (purple). Visual
imagery shows activity in visual areas (red) and kinesthetic MI in the primary somatosensory area (orange). Additionally, the dorsolateral
prefrontal cortex (DLPFC) is consistently recruited during Motor Imagery task (yellow). Both cerebellum (light blue) and basal ganglia
(blue) are activated during AO and MI. B) Cartoon of consecutive and concurrent training modalities.

motor and functional outcomes in individuals with
PD. Evidence are strongest for the effectiveness of
AOT, whereas due to the exiguous number of stud-
ies and conflicting results the effectiveness of MI
is more uncertain. To optimize the effectiveness of
AOT and MIT in PD, several features (e.g., perspec-
tive, tasks complexity, training modalities) should be
taken into account. Tailoring the interventions to the
individual’s needs and abilities can enhance their ben-
efits. However, more research is needed to establish
consensus on optimal treatment parameters and train-
ing regimens. Additionally, larger sample sizes and
careful consideration of disease stage, cognitive abil-
ities, and medication states are essential for future
studies to provide a more comprehensive understand-
ing of the mechanisms underlying AO and MI in
PD.
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