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1. Introduction

External sensory cues can help to overcome difficulties with
movement initiation and control in Parkinson's disease (PD) [1], typi-
cally targeting gait impairments such as reduced stride length and
freezing. However, the applicability of such cues to other functional
tasks (e.g., manual actions) is limited, and the longer-term effects of
cueing are unclear [2]. Observation of human movement provides a
powerful external stimulus that facilitates movement and increases
motor learning in healthy individuals [3], by activating a network of
fronto-parietal neural structures also engaged during motor execution
[4]. Action observation (AO) training has shown encouraging effects in
neurorehabilitation [5] and may help to reinforce or reorganise neural
connections involved in motor control [6].

AO can facilitate manual actions (reducing bradykinesia and tem-
poral variability) in people with PD [7]. Moreover, AO-based inter-
ventions have been found to increase functional independence, improve
balance and mobility, and reduce freezing of gait, in PD [5,8]. How-
ever, such therapies rely on the ability to internally represent actions,
which may be affected by PD [7]. Indeed, impaired imitation of ges-
tures and facial expressions has been documented in PD [9,10], as well
as an altered corticomotor response to observed actions [11]. There-
fore, it is important to further investigate these processes in people with
PD. In particular, quantitative effects on movement amplitude have not
been demonstrated, despite the significant impact of reduced move-
ment size (e.g., micrographia, shorter steps) on daily functioning.

Motor imagery (MI; the imagination of movement including asso-
ciated images and sensations) also recruits neural regions overlapping
with action execution [12], and facilitates movement and learning [13].
Recent studies of healthy participants have demonstrated greater effects
on movement (e.g., sequential and rhythmic actions) when AO is

combined with MI, compared with either AO or MI alone; moreover,
combined AO + MI increases cortico-motor activity relative to either
approach in isolation [14]. There is also some evidence of beneficial
effects of combined AO + MI in stroke rehabilitation [15]. However,
the therapeutic potential of this approach has not previously been ex-
amined in PD [7]. People with PD are capable of engaging in MI [16],
and MI can improve their performance of functional movements [17]
and reduce freezing of gait [18]. Nevertheless, differences in neuro-
physiological responses during MI between people with PD and healthy
controls suggest the use of compensatory (e.g., visual) mechanisms
[19].

This study investigated the effects of (i) AO and (ii) combined
AO + MI on hand movement amplitude in people with PD. Our first
aim was to examine the effect of AO by comparing imitation of simple
hand movements involving elevated (high) vs. direct (low) trajectories.
Our second aim was to determine whether combining AO with MI in-
creased the effects of the observed actions. Combined AO + MI was
examined using the same imitation task, but explicitly instructing
participants to engage in MI while observing the movements.
Participants were encouraged to focus on the sensations associated with
executing the action, since kinaesthetic MI produces greater sensor-
imotor activations than visual MI [20].

Based on previous evidence of AO and imitation in PD, we hy-
pothesised that participants would imitate the amplitude of observed
actions by modulating the height of their own movements. Moreover, if
people with PD are able to engage in MI during AO, combined AO+MI
should increase imitation of movement amplitude, as found in healthy
young adults [21]. Conversely, if MI is compromised, people with PD
may fail to exhibit an effect of MI on imitation. We therefore also ex-
amined the relationship between imitation and self-reported MI.
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2. Method

2.1. Participants

Participant characteristics are shown in Table 1. A convenience
sample of 24 participants (9 females) with mild to moderate idiopathic
PD (Hoehn & Yahr stage 1–3) were recruited through local neurology
clinics and Parkinson's UK. All but one were taking dopaminergic
medication. Participants remained on their usual medication during the
study and were tested in the ‘on’ state where applicable. 24 control
participants (13 females) with no history of neurological injury or ill-
ness were recruited from among relatives/friends of participants with
PD and the local community. All participants except two in the PD
group were right-handed. Participants had normal or corrected-to-
normal vision and were screened for dementia using the Addenbrookes
Cognitive Examination; ACE-III [22] or a brief version if they had been
assessed recently for a previous study (M-ACE) [23]. Although three
participants in the PD group scored within the borderline range on the
M-ACE, the main results were not altered by removal of these partici-
pants, so their data were retained in the final analysis. The study was
approved by a UK National Health Service Research Ethics Committee
and participants provided written informed consent.

2.2. Stimuli and procedure

Imitation was examined using a video-based task [24]. Participants
observed, and immediately replicated, movement sequences performed
by a human hand with the index finger extended, shown as a mirror-
image (right-handed participants viewed a left hand). Sequences con-
sisted of two movements between three of four positions (e.g., 4-2-1)
spaced 150mm apart horizontally (Fig. 1). In elevated trials, the hand
moved between positions via an indirect trajectory, with a vertical
amplitude of 130.9mm. Direct trials showed a lower movement tra-
jectory with an amplitude of 21.5 mm. In half of the trials, the four
possible target positions were marked by small grey circles (see sup-
plementary materials). The model's movements were paced using a
metronome during recording of the stimulus videos (not audible during
the imitation task).

Stimuli were projected at life-size onto a 1000mm×750mm
screen, positioned 1200mm from the participant, who was seated at a
table with their hand concealed from view by an occluding box
(650mm×450mm x 200mm). A motion sensor was attached to the
intermediate phalanx of the index finger of the dominant hand, and
movements were tracked in X, Y and Z axes at 120 Hz, using a Polhemus
Liberty motion tracking system with Motion Monitor software
(Innovative Sports Training).

The trial sequence is illustrated in Fig. 1. Following a fixation cross
(4000ms), a still image indicated the starting position for the sequence
(4000ms). The participant placed their index finger in the start position
and the stimulus video was then displayed (4000ms). The action

execution phase was indicated by a go-signal (green cross and “beep”;
1000ms), presented at a variable post-stimulus delay (1000–2000ms).
Finally, a blank screen was displayed (4000ms) while the action was
performed.

The task began with a short practice block (4 trials), followed by
four blocks of 30 trials. For the first two blocks (AO), participants were
given the following instruction: “Copy what you have seen as closely as
you can in terms of the timing and size of the movement”.

For the final two blocks (AO + MI), the following additional in-
struction was given: “Imagine what it feels like to make the movements
yourself. As you watch the hand move from one place to another, imagine
what your arm, hand and finger would feel like to make the movements”.

Each block consisted of 20 test trials (10 elevated, 10 direct) con-
taining a movement between the second and fourth positions, with 10
filler trials containing different sequences to reduce predictability.
Trials were randomized within blocks. A pause halfway through each
block allowed participants to take a short break.

2.3. Motor imagery

MI was assessed using a short form of the Kinaesthetic and Visual
Imagery Questionnaire (KVIQ), which has been validated in people
with PD [25]. Participants are asked to first perform, and then imagine
performing, each of a set of simple movements, rating the clarity of
images (visual subscale) and intensity of sensations (kinaesthetic sub-
scale) using 5-point scales.

Task-specific MI was measured by asking participants to report their
use and vividness of MI while watching the videos. Ratings were
completed following the second block (prior to MI instructions), and
again after the final block (post MI instructions), using a 5-point scale
similar to the KVIQ (see Table 3).

2.4. Data processing and statistical analysis

Kinematic data from correctly-executed movements were analysed
using Matlab (Mathworks Inc.). Errors or missing data were excluded
(0.7% of trials in the PD group; none in the control group) and outliers
for each trajectory condition (elevated/direct) at each time-point (pre/
post MI instructions) were then removed according to the procedure
outlined by van Selst and Jolicoeur [26]. This resulted in the exclusion
of 1.93% individual trials in the PD group (M=1.54 trials;
range=0–5) and 1.61% trials in the control group (M=1.29 trials;
range=0–3). Mean vertical amplitude was then calculated for each
participant, for each trajectory and time-point. Between-participant
outliers were identified using the same procedure, resulting in exclusion
of data for two participants in the control group only.

To first determine the effect of AO, imitation of vertical amplitude
prior to MI instructions was analysed using a Group x Trajectory
ANOVA. The effect of MI instructions (AO + MI) was then analysed
with a Group x Trajectory x Time ANOVA. To examine any differences
in imitation of movements toward visible targets, the above analyses
were repeated with Target included as an additional factor, but no main
effects of Target or interactions with Trajectory or Time were found (see
supplementary material).

Between-group differences in general MI (KVIQ visual and kinaes-
thetic subscales) and on the task-specific MI questions were analysed
using Mann-Whitney U tests. Task-specific MI ratings for AO and
AO+MI blocks were then compared within each group using Wilcoxon
signed rank tests. Finally, correlations between imitation of amplitude
(elevated – direct trials) and MI measures, UPDRS motor examination,
time since diagnosis and levodopa equivalent daily dose (LEDD) were
analysed using Spearman's correlation coefficient. Statistical analysis
was conducted using IBM SPSS v.22, with an accepted significance level
of p < .05.

Table 1
Demographic characteristics and motor imagery (KVIQ) scores in each group.

PD Control Statistic p

Age (M, SD) 63.5 (6.34) 68.33
(5.38)

t= 2.85 .007

Sex (% female) 37.5 54.2 χ2=1.34 .25
UPDRS motor score (M, SD) 38.4 (11.33) N/A
Hoehn & Yahr (Mdn, IQR) 2.00 (1.5) N/A
Years since diagnosis (M, SD) 6.8 (4.8) N/A
Levodopa equivalent daily dose;

LEDD (mg; M, SD)
519.08
(300.77)

N/A

KVIQ-visual (Mdn, IQR) 64.23
(20.78)

79.34
(17.00)

Z= 1.89 .059

KVIQ-kinaesthetic (Mdn, IQR) 60.45
(17.00)

54.78
(24.56)

Z= .032 .97
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3. Results

The two groups did not differ significantly in sex, but participants in
the control group were significantly older (see Table 1). However, age
did not correlate significantly with modulation of amplitude before or
after MI instructions (all r< 0.4; p> .09).

3.1. Effects of action observation

Prior to MI instructions, there was a significant effect of Trajectory
(F (1,44)= 49.16; p < .001; η2p= .53), with greater amplitude for
elevated trials (M=72.82mm) than direct trials (M=39.96mm),
demonstrating modulation in response to the observed movements
(Fig. 2). The effect of Group and the interaction between Group and
Trajectory were not significant (see Table 2).

3.2. Combined action observation and motor imagery

Following MI instructions (AO + MI), a significant effect of
Trajectory remained (F (1,44) = 77.90; p < .001; η2p= .64), again

reflecting greater amplitude for elevated (M=79.69mm) than direct
(M=39.80mm) trials. There was a significant effect of Time (F
(1,44)= 17.73; p < .001; η2p= .64), and a Trajectory×Time inter-
action (F (1,44)= 12.74; p= .001; η2p= .22), demonstrating that
amplitude increased post-instructions in elevated trials (mean differ-
ence=13.73mm; t (46)= 4.44; p < .001; d=0.65) but not direct
trials (mean difference=−0.32mm; t (46)= 0.19; p= .85;
d= 0.027). The difference in amplitude between elevated and direct
trials was significantly larger following instructions (mean differ-
ence=13.81mm; t (45)= 3.47; p= .001; d= 0.52), confirming an
increase in modulation (see Fig. 2). Effects of Group, Group x Trajec-
tory, Group x Time, and Group x Trajectory x Time were non-significant
(see Table 2). Paired t-tests confirmed that modulation increased post-
instructions in both the PD group (t (23)= 2.39; p= .026; d= 0.49)
and the control group (t (21)= 2.71; p= .013; d= 0.58).

3.3. Relationships with motor imagery measures

As shown in Table 1, the two groups did not differ significantly on
the visual or kinaesthetic subscales of the KVIQ. Task-specific ratings of

Fig. 1. Illustration of trial sequence: Participants observed videos depicting (a) elevated or (b) direct hand movement sequences, which they imitated following a
short delay (1000–2000ms).

Fig. 2. Vertical amplitude was significantly greater when
imitating elevated vs. direct hand movements across both PD
and control groups. Both groups exhibited a significant in-
crease in imitation of elevated trials when action observation
was combined with motor imagery (*p < .05). The mean
amplitude for stimuli with and without visible targets is
shown (see supplementary materials). Error bars re-
present± 1SEM.

J. Bek et al. Parkinsonism and Related Disorders 61 (2019) 126–131

128



visual and kinaesthetic imagery did not differ between groups either
before or after MI instructions (see Table 3). Both groups reported a
significant increase in the use of kinaesthetic imagery (PD, Z= 2.73,
p= .006; control, Z= 3.47, p= .001) and visual imagery (PD,
Z=2.45, p= .014; control, Z= 3.15, p= .002) following MI instruc-
tions. The control group also reported increased vividness of sensations
(Z=2.14; p= .032) and images (Z= 2.35; p= .019) after instruc-
tions, while the PD group showed no significant change in reported
vividness of sensations or images.

Scores on the KVIQ subscales did not correlate significantly with
imitation of amplitude in either group, before or after MI instructions
(all rs< .3; p> .1). In the PD group, task-specific ratings of visual MI
prior to instructions correlated positively with modulation of amplitude
both before (rs (22)= 0.45; p= .028) and after (rs (22)= 0.51;
p= .01) instructions. In contrast, modulation of amplitude correlated
positively with kinaesthetic imagery ratings after MI instructions in the
control group (rs (21)= 0.46; p= .026). There were no other sig-
nificant correlations between task-specific MI ratings and amplitude
modulation. There were no significant correlations between modulation
and UPDRS motor score, time since diagnosis, or LEDD (all rs< 0.3;
p> .1).

4. Discussion

The present study demonstrated for the first time that people with
PD can modulate the amplitude of their movements during imitation of
observed hand actions, and that combining action observation with
motor imagery increases this effect.

4.1. Effects of action observation

Reduced movement amplitude can be a debilitating consequence of
PD, affecting everyday activities such as walking and handwriting.
While previous studies have found that AO can influence temporal
characteristics of movement in PD [7], our results provide the first
quantitative evidence that people with PD can successfully adjust the
amplitude of their hand movements in response to observed actions,
indicating the potential for AO-based interventions to increase ampli-
tude as well as speed.

4.2. Combined action observation and motor imagery

Combining observation and imagery has been found to increase
behavioural and neural effects in healthy individuals relative to AO or
MI alone [14]. However, despite evidence of motor facilitation in PD
when these approaches are used separately, AO and MI have not pre-
viously been combined in studies of PD. It has been proposed that
combined AO + MI may improve movement in PD by increasing cor-
ticospinal excitability, thereby enhancing pre-movement facilitation
[8]. Here, we demonstrate that both people with PD and healthy older
adults show increased imitation of hand movements when instructed to
engage in MI during AO, consistent with our findings in young healthy
adults [21].

The present results are complemented by our recent finding that
people with PD exhibit motor resonance, whereby even without the
intention to imitate, hand movements were influenced by compatibility
with observed actions [27]. Action observation may therefore provide
an effective external trigger for action simulation. AO may also facil-
itate MI by reducing the need to generate visual images, thereby al-
lowing an increased focus on kinaesthetic elements of imagery [14].
This facilitatory effect may be somewhat independent of MI ability, as
suggested by the absence of a relationship between imitation and a
general MI measure (KVIQ) in the present study.

To avoid carry-over effects, whereby participants may apply MI
during an ostensible AO-only condition, the task conditions were pre-
sented in a fixed order. It is thus possible that the increase in imitation
with AO + MI is partly attributable to simple practice effects; however,
additional analysis showed that this increase was greater following MI
instructions than between pre-instruction blocks (see supplementary
materials). Additionally, we have previously found that imitation of
elevated movements increased in young healthy participants instructed
to engage in MI, compared with a control group [21]. Moreover, any
practice effects might be expected to be counteracted by fatigue, par-
ticularly in the PD group, since the imitation task required repeated
movements over multiple trials. The increase in imitation despite these
demands therefore strengthens the conclusion that MI can boost the

Table 2
Effects of AO and AO + MI on hand movement amplitude.

df F p η2p

AO-only:
Group 1,44 3.05 .088 .065
Trajectory 1,44 49.16 < .001 .53
Group x Trajectory 1,44 1.29 .26 .028
AO + MI:
Group 1,44 3.54 .066 .075
Trajectory 1,44 77.90 < .001 .64
Time 1,44 17.73 < .001 .64
Trajectory x Time 1,44 12.74 .001 .22
Group x Trajectory 1,44 3.27 .078 .069
Group x Time 1,44 .22 .64 .005
Group x Trajectory x Time 1,44 2.09 .16 .045

Table 3
Task-specific MI: ratings of imagery use and vividness (median, interquartile range).

Question Pre-instruction (AO) Post-instruction (AO + MI)

PD Control p PD Control p

1. Kinaesthetic
Did you try to imagine how it would feel to make the movement yourself?
(Not at all … Very much)

4.00 (2.00) 2.00 (3.00) .34 5.00 (1.00) 5.00 (1.00) .34

2. Kinaesthetic-Sensations
How strong was your feeling (if any) of making the movement yourself?
(No sensation … As intense as performing action)

3.00 (2.00) 2.00 (2.00) .63 3.00 (1.00) 3.00 (2.00) .63

3. Visual
Did you try to imagine what it would look like to make the movement yourself?
(Not at all … Very much)

3.00 (3.00) 2.00 (3.00) .46 4.00 (1.00) 4.00 (2.00) .98

4. Visual-Images
How clear was your image (if any) of making the movement yourself?
(No image … As clear as seeing action)

3.00 (3.00) 3.00 (3.00) .34 3.50 (1.00) 3.00 (2.00) .90

Note. Scores range from 1 to 5; 5 representing the highest degree of engagement (Q. 1, 3) or vividness (Q. 2, 4).
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effects of AO in PD.

4.3. Relationships with motor imagery measures

Although both groups reported increased engagement in kinaes-
thetic and visual imagery while observing actions after MI instructions
were provided, only the control group reported increased vividness of
sensations and images. Additionally, imitation of movement amplitude
correlated with self-reported use of kinaesthetic MI in controls, but with
visual MI in the PD group. These findings suggest that participants with
PD may have had difficulty in generating or effectively applying MI
during AO, perhaps relying more on visual processes, consistent with
neurophysiological evidence indicating possible compensatory me-
chanisms during MI [19]. The roles of different imagery modalities
during AO in PD and healthy adults, and the relationship between MI
ability and AO + MI effects, require further investigation and clar-
ification.

4.4. Clinical implications

These findings have clear relevance for the design of interventions
for PD based on AO and MI, which could offer a safe, effective and
economically viable option for home-based therapy that patients find
acceptable [28]. Although we did not test the effects of AO + MI in the
absence of dopaminergic medication, previous studies have docu-
mented benefits of AO in patients both on and off medication (e.g.
[29]), and it is anticipated that AO-based therapy would improve daily
activities in PD as a supplement to pharmacological treatments. Future
studies should further explore the therapeutic potential of AO + MI,
including effects on meaningful everyday actions, and longer-term be-
havioural and neural outcomes.

The absence of a correlation between imitation and disease severity
suggests that imitation and MI may not be directly influenced by motor
impairment, at least in mild to moderate PD. MI has been found to be
slowed but not inaccurate in PD [16], suggesting that imagery may
reflect the individual's current motor repertoire [8]. However, facil-
itation of MI by AO offers the possibility of increasing the parameters of
imagined actions beyond physical ability; combined AO +MI may thus
provide a viable therapeutic option even in individuals with limited
ability to overtly practice actions. Our findings also support the use of
AO + MI training to improve action representation and motor control
in healthy older adults [14]. Additionally, since imitation contributes to
social processes, interventions based on AO and MI might improve so-
cial understanding and interaction, which may be compromised in PD
and ageing [30].

In conclusion, people with PD are able to modulate the amplitude of
their hand movements when imitating observed actions, and motor
imagery instructions can boost this imitation. Future studies should
explore potential therapeutic applications of combined AO + MI in
neurorehabilitation for PD and other conditions, as well as in healthy
ageing.

Funding

This work was supported by the Economic and Social Research
Council [Grant Number ES/K013564/1].

Declaration of interests

None.

Acknowledgements

The authors thank Dr Matthew Sullivan and Dr Emma Stack for their
input into the design of this study and Dr Jeremy Dick for assistance
with participant recruitment. We would also like to thank all the par-
ticipants involved in the study.

Appendix A. Supplementary data

Supplementary data related to this article can be found at https://
doi.org/10.1016/j.parkreldis.2018.11.001.

References

[1] S.J. Spaulding, B. Barber, M. Colby, B. Cormack, T. Mick, M.E. Jenkins, Cueing and
gait improvement among people with Parkinson's disease: a meta-analysis, Arch.
Phys. Med. Rehabil. 94 (3) (2013) 562–570, https://doi.org/10.1016/j.apmr.2012.
10.026.

[2] E.E.H. van Wegen, M.A. Hirsch, M. Huiskamp, G. Kwakkel, Harnessing cueing
training for neuroplasticity in Parkinson disease, Top. Geriatr. Rehabil. 30 (1)
(2014) 46–57, https://doi.org/10.1097/tgr.0000000000000005.

[3] K. Stefan, J. Classen, P. Celnik, L.G. Cohen, Concurrent action observation mod-
ulates practice-induced motor memory formation, Eur. J. Neurosci. 27 (3) (2008)
730–738, https://doi.org/10.1111/j.1460-9568.2008.06035.x.

[4] S. Caspers, K. Zilles, A.R. Laird, S.B. Eickhoff, ALE meta-analysis of action ob-
servation and imitation in the human brain, Neuroimage 50 (3) (2010) 1148–1167,
https://doi.org/10.1016/j.neuroimage.2009.12.112.

[5] E. Sarasso, M. Gemma, F. Agosta, M. Filippi, R. Gatti, Action observation training to
improve motor function recovery: a systematic review, Archiv. Physiother. 5 (2015)
14, https://doi.org/10.1186/s40945-015-0013-x.

[6] F. Agosta, R. Gatti, E. Sarasso, M.A. Volonte, E. Canu, A. Meani, et al., Brain plas-
ticity in Parkinson's disease with freezing of gait induced by action observation
training, J. Neurol. 264 (1) (2017) 88–101, https://doi.org/10.1007/s00415-016-
8309-7.

[7] E. Poliakoff, Representation of action in Parkinson's disease: imagining, observing,
and naming actions, J. Neuropsychol. 7 (2) (2013) 241–254, https://doi.org/10.
1111/jnp.12005.

[8] D. Caligiore, M. Mustile, G. Spalletta, G. Baldassarre, Action observation and motor
imagery for rehabilitation in Parkinson's disease: a systematic review and an in-
tegrative hypothesis, Neurosci. Biobehav. Rev. 72 (2017) 210–222.

[9] R.C. Leiguarda, P.P. Pramstaller, M. Merello, S. Starkstein, A.J. Lees, C.D. Marsden,
Apraxia in Parkinson's disease, progressive supranuclear palsy, multiple system
atrophy and neuroleptic-induced Parkinsonism, Brain 120 (2007) 75–90, https://
doi.org/10.1093/brain/120.1.75.

[10] G. Simons, M.C.S. Pasqualini, V. Reddy, J. Wood, Emotional and nonemotional
facial expressions in people with Parkinson's disease, J. Int. Neuropsychol. Soc. 10
(4) (2004) 521–535, https://doi.org/10.1017/s135561770410413x.

[11] F. Tremblay, G. Leonard, L. Tremblay, Corticomotor facilitation associated with
observation and imagery of hand actions is impaired in Parkinson's disease, Exp.
Brain Res. 185 (2) (2008) 249–257, https://doi.org/10.1007/s00221-007-1150-6.

[12] F. Filimon, J.D. Nelson, D.J. Hagler, M.I. Serenoa, Human cortical representations
for reaching: mirror neurons for execution, observation, and imagery, Neuroimage
37 (4) (2007) 1315–1328, https://doi.org/10.1016/j.neuroimage.2007.06.008.

[13] F. Malouin, P.L. Jackson, C.L. Richards, Towards the integration of mental practice
in rehabilitation programs. A critical review, Front. Hum. Neurosci. 7 (2013),
https://doi.org/10.3389/fnhum.2013.00576.

[14] D.L. Eaves, M. Riach, P.S. Holmes, D.J. Wright, Motor imagery during action ob-
servation: a brief review of evidence, theory and future Research opportunities,
Front. Neurosci. 10 (2016), https://doi.org/10.3382/fnins.2015.00514.

[15] Y. Sun, W. Wei, Z. Luo, H. Gan, X. Hu, Improving motor imagery practice with
synchronous action observation in stroke patients, Top. Stroke Rehabil. 23 (4)
(2016) 245–253, https://doi.org/10.1080/10749357.2016.1141472.

[16] E. Heremans, P. Feys, A. Nieuwboer, S. Vercruysse, W. Vandenberghe, N. Sharma,
W. Helsen, Motor imagery ability in patients with early- and mid-stage Parkinson
disease, Neurorehabilitation Neural Repair 25 (2) (2011) 168–177, https://doi.org/
10.1177/1545968310370750.

[17] R. Tamir, R. Dickstein, M. Huberman, Integration of motor imagery and physical
practice in group treatment applied to subjects with Parkinson's disease,
Neurorehabilitation Neural Repair 21 (1) (2007) 68–75, https://doi.org/10.1177/
1545968306292608.

[18] A. Kikuchi, T. Baba, T. Hasegawa, N. Sugeno, M. Konno, E. Miura, et al.,
Improvement of freezing of gait in patients with Parkinson's disease by imagining
bicycling, Case Report. Neurol. 6 (1) (2014) 92–95, https://doi.org/10.1159/
000362119.

[19] B.F.L. van Nuenen, R.C. Helmich, N. Buenen, B.P.C. van de Warrenburg,

J. Bek et al. Parkinsonism and Related Disorders 61 (2019) 126–131

130

https://doi.org/10.1016/j.parkreldis.2018.11.001
https://doi.org/10.1016/j.parkreldis.2018.11.001
https://doi.org/10.1016/j.apmr.2012.10.026
https://doi.org/10.1016/j.apmr.2012.10.026
https://doi.org/10.1097/tgr.0000000000000005
https://doi.org/10.1111/j.1460-9568.2008.06035.x
https://doi.org/10.1016/j.neuroimage.2009.12.112
https://doi.org/10.1186/s40945-015-0013-x
https://doi.org/10.1007/s00415-016-8309-7
https://doi.org/10.1007/s00415-016-8309-7
https://doi.org/10.1111/jnp.12005
https://doi.org/10.1111/jnp.12005
http://refhub.elsevier.com/S1353-8020(18)30469-3/sref8
http://refhub.elsevier.com/S1353-8020(18)30469-3/sref8
http://refhub.elsevier.com/S1353-8020(18)30469-3/sref8
https://doi.org/10.1093/brain/120.1.75
https://doi.org/10.1093/brain/120.1.75
https://doi.org/10.1017/s135561770410413x
https://doi.org/10.1007/s00221-007-1150-6
https://doi.org/10.1016/j.neuroimage.2007.06.008
https://doi.org/10.3389/fnhum.2013.00576
https://doi.org/10.3382/fnins.2015.00514
https://doi.org/10.1080/10749357.2016.1141472
https://doi.org/10.1177/1545968310370750
https://doi.org/10.1177/1545968310370750
https://doi.org/10.1177/1545968306292608
https://doi.org/10.1177/1545968306292608
https://doi.org/10.1159/000362119
https://doi.org/10.1159/000362119


B.R. Bloem, I. Toni, Compensatory activity in the extrastriate body area of
Parkinson's disease patients, J. Neurosci. 32 (28) (2012) 9546–9553, https://doi.
org/10.1523/jneurosci.0335-12.2012.

[20] A. Guillot, C. Collet, V.A. Nguyen, F. Malouin, C. Richards, J. Doyon, Brain activity
during visual versus kinesthetic imagery: an fMRI study, Hum. Brain Mapp. 30 (7)
(2009) 2157–2172, https://doi.org/10.1002/hbm.20658.

[21] J. Bek, E. Poliakoff, H. Marshall, S. Trueman, E. Gowen, Enhancing voluntary
imitation through attention and motor imagery, Exp. Brain Res. 234 (7) (2016)
1819–1828, https://doi.org/10.1007/s00221-016-4570-3.

[22] S. Hsieh, S. Schubert, C. Hoon, E. Mioshi, J.R. Hodges, Validation of the adden-
brooke's cognitive examination III in frontotemporal dementia and alzheimer's
disease, Dement. Geriatr. Cognit. Disord. 36 (3–4) (2013) 242–250, https://doi.
org/10.1159/000351671.

[23] S. Hsieh, et al., The mini-Addenbrooke's cognitive examination: a new assessment
tool for dementia, Dement. Geriatr. Cognit. Disord. 39 (2015) 1–11, https://doi.
org/10.1159/000366040.

[24] K.S. Wild, E. Poliakoff, A. Jerrison, E. Gowen, Goal-directed and goal-less imitation
in autism spectrum disorder, J. Autism Dev. Disord. 42 (8) (2012) 1739–1749,
https://doi.org/10.1007/s10803-011-1417-4.

[25] B. Randhawa, S. Harris, L.A. Boyd, The kinesthetic and visual imagery
Questionnaire is a reliable tool for individuals with Parkinson disease, J. Neurol.
Phys. Ther. 34 (3) (2010) 161–167, https://doi.org/10.1097/NPT.
0b013e3181e1aa71.

[26] M. van Selst, P. Jolicoeur, A solution to the effect of sample-size on outlier elim-
ination, Q. J. Exp. Psychol. Sect. A Hum. Exp. Psychol. 47 (3) (1994) 631–650.

[27] J. Bek, E. Gowen, S. Vogt, T. Crawford, E. Poliakoff, Action observation produces
motor resonance in Parkinson's disease, J. Neuropsychol. (2017), https://doi.org/
10.1111/jnp.12133.

[28] J. Bek, J. Webb, E. Gowen, S. Vogt, T.J. Crawford, M.S. Sullivan, E. Poliakoff,
Patients' views on a combined action observation and motor imagery intervention
for Parkinson's disease, Parkinson's Dis. (2016), https://doi.org/10.1155/2016/
7047910.

[29] E. Pelosin, M. Bove, P. Ruggeri, L. Avanzino, G. Abbruzzese, Reduction of brady-
kinesia of finger movements by a single session of action observation in Parkinson
disease, Neurorehabilitation Neural Repair 27 (6) (2013) 552–560.

[30] M. Alegre, J. Guridi, J. Artieda, The mirror system, theory of mind and Parkinson's
disease, J. Neurol. Sci. 310 (1–2) (2011) 194–196, https://doi.org/10.1016/j.jns.
2011.07.030.

J. Bek et al. Parkinsonism and Related Disorders 61 (2019) 126–131

131

https://doi.org/10.1523/jneurosci.0335-12.2012
https://doi.org/10.1523/jneurosci.0335-12.2012
https://doi.org/10.1002/hbm.20658
https://doi.org/10.1007/s00221-016-4570-3
https://doi.org/10.1159/000351671
https://doi.org/10.1159/000351671
https://doi.org/10.1159/000366040
https://doi.org/10.1159/000366040
https://doi.org/10.1007/s10803-011-1417-4
https://doi.org/10.1097/NPT.0b013e3181e1aa71
https://doi.org/10.1097/NPT.0b013e3181e1aa71
http://refhub.elsevier.com/S1353-8020(18)30469-3/sref26
http://refhub.elsevier.com/S1353-8020(18)30469-3/sref26
https://doi.org/10.1111/jnp.12133
https://doi.org/10.1111/jnp.12133
https://doi.org/10.1155/2016/7047910
https://doi.org/10.1155/2016/7047910
http://refhub.elsevier.com/S1353-8020(18)30469-3/sref29
http://refhub.elsevier.com/S1353-8020(18)30469-3/sref29
http://refhub.elsevier.com/S1353-8020(18)30469-3/sref29
https://doi.org/10.1016/j.jns.2011.07.030
https://doi.org/10.1016/j.jns.2011.07.030

	Combined action observation and motor imagery influences hand movement amplitude in Parkinson's disease
	Introduction
	Method
	Participants
	Stimuli and procedure
	Motor imagery
	Data processing and statistical analysis

	Results
	Effects of action observation
	Combined action observation and motor imagery
	Relationships with motor imagery measures

	Discussion
	Effects of action observation
	Combined action observation and motor imagery
	Relationships with motor imagery measures
	Clinical implications

	Funding
	Declaration of interests
	Acknowledgements
	Supplementary data
	References




