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Abstract. [Purpose] In this study, we investigated the motor imagery ability of hemiplegic stroke patients.  [Subjects]
The subjects were 29 healthy individuals (average age, 63.5 ± 11.7), and 31 hemiplegic stroke patients (average age,
64.5 ± 9.5). [Method] Motor imagery was evaluated using the reaction time of mental rotation in response to
photographs of a rotated hand.[Results] The reaction time was delayed in stroke patients compared to healthy
individuals, and post-stroke mental rotation was better when viewing photographs of the unaffected than of the affected
side. Impaired attention is associated with mental rotation ability; in contrast, motor function, deep sensory factor,
lapsed days from onset and the brain damaged side were less associated with rotation ability in stroke patients.
[Conclusion] Therapeutic intervention using motor imagery is expected to have a high therapeutic effect because of its
affect on impaired attention.
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INTRODUCTION

Ischemic stroke is a devastating injury caused by
interruption of the blood supply to regions of the brain. In
humans, this type of injury strongly correlates with
paralysis, sensory deficits, impairments in learning and
memory, and disability in activities of daily living [ADL];
however, there are few effective therapies for the treatment
of ischemic stroke1). Recent evidence suggests that the use
of motor imagery training, as an additional therapy, has an
effect on motor recovery after stroke2–6).

 Motor imagery, which involves imagining actions
without their execution, can be defined as an active process
in which the representation of a specific action is internally
reproduced within working memory but without any overt
output7). Significant lateral organization was observed
during both the actual movements and motor imagery in the
primary motor cortex, somatosensory cortex, supplementary
motor area, premotor cortex, thalamus, and cerebellum8,9);
therefore, motor imagery training is expected to be a method
of prompting motor learning and motor skills without
voluntary movement.

Mental rotation of a body part is a simple method of
measuring a person’s capacity for motor imagery. Mental
rotation is the ability to mentally identify an object, which is
presented in a rotated manner10). Previous studies have
reported activity in the cerebral motor-related area measured
by functional magnetic resonance imaging when subjects

viewed a photograph of a rotated hand11–13). This activity
was the same as that observed during first-person motor
imagery. This result suggests the possibility that the
function that mentally rotates the photograph of a body part
could be a useful means of reinforcing simple motor
imagery. It is conceivable that mental rotation is an
embodied cognitive process, involving simulation of the
movements of one’s own body. Motor imagery training has
the effect of improving the motor function of hemiplegics
patients; however, the effect of therapeutic intervention on
motor imagery is by no means confirmed, because the
factors influencing motor imagery are unclear.

The purpose of this research was to measure the mental
rotation capacity of hemiplegic patients using photographs
of a rotated hand, and to examine the influence of mental
rotation on the affected side of stroke patients.

SUBJECTS AND METHODS

The participants in this study were 31 hospitalized
hemiplegic stroke patients (cerebrovascular accident [CVA]
group, 64.5 ± 9.5 years old) and 29 healthy individuals
living in the community (control [CTL] group, 63.5 ± 11.7
years old). We excluded CVA patients with severe pain,
dementia, aphasia, ataxia, and parkinsonism (according to
medical records) (Table 1). Subjects with physical or
cognitive impairments were also excluded from the CTL
group.
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 All subjects gave their informed, written consent to
participation in the study. This study used a cohort study
design.

Mental rotation by the participants was measured using a
personal computer. Photographs depicting the dorsal and
plantar views of the right and left hands were displayed on a
screen. Each photograph was then randomly rotated
clockwise to 0 °, 90 °, –90 °, and 180 °. Sixteen photographs
were displayed in random order. The subjects viewed the
photographs and were asked to identify the pictures as
quickly as possible by using a fingertip to push a button to
indicate “right hand” or “left hand”. The subject’s reaction
time for mental rotation was recorded. Moving a hand or
looking at hand was not allowed at that time. The
photograph was displayed until the subject answered, which
was defined as the reaction time (seconds). Measurements
were performed after one of the demonstration, and the
mean value of the reaction time was calculated.

  The Attentional Rating Scale [ARS] was used to assess
attention in stroke patients. ARS is a method of evaluating
impaired attention in ADL14) and classifies impaired
attention into five scales. It is composed of 14 items
assessed on a scale of 0 (none) to 4 (always), with a sum of
56 points. Individuals with high total points were judged as
having a serious impairment.

  The Stroke Impairment Assessment Set [SIAS] was
used to evaluate motor function of the upper limbs15). The
SIAS assesses various aspects of impairment in hemiplegic
patients. Motor function of the upper limb and fingers on the
affected side was evaluated in six stages on a scale of 0
(none) to 5 (normal). After evaluation, the median value of
the SIAS scale of the upper limb and fingers was calculated.

  Fugl-Meyer Assessment [FMA] was used for deep
sensory measurements of the upper limb16). FMA is an
international evaluation method of physical function in
stroke patients. Deep sensory measurements of the upper
limb were classified into five stages on a scale of 0
(anesthesia) to 4 (normal) at the shoulder, elbow and finger
on the affected side. Following the measurement, the mean

value of the FMA scale of the shoulder, elbow, and finger
was calculated.

The reaction time was measured on the affected side in
CVA, and the unaffected side in the CVA and CTL groups.
Data were analyzed with 3 × 4 (group × angle) two-way
analysis of variance [two-way ANOVA] with repeated
measures for one variable and appropriate post-hoc analysis.
In addition, ANOVA followed by Tukey’s post-hoc test was
used to compare subjects’ reaction times. The reaction time
for each rotation angle on the affected side was compared in
the CVA group. The reaction time on the affected side was
evaluated to identify influential factors from among lapsed
days from the onset of stroke, the brain-damaged side,
attention, and motor and sensory functions by multiple
regression analysis (stepwise method). p<0.05 was
considered significant.

RESULTS

The reaction times were 1.7 ± 0.8 s in the CTL group, 2.5
± 0.9 s on the affected side in the CVA group, and 2.2 ± 0.7
s on the unaffected side in the CVA group (Table 2). 

Two-way ANOVA showed that the physical function and
rotation angle of the photograph had a significant effect on
the reaction time (p<0.001), with no interaction between
them (Table 2). This result indicates that the reaction time is
associated with the physical impairment and the rotation
angle of the photograph. 

ANOVA showed significant differences in the reaction
time between the CVA and CTL groups (p<0.01). Further
statistical post-hoc analysis of the data showed that the
reaction time on the affected side in the CVA group was
significantly delayed in comparison with the CTL group
(p<0.05); however, there were no differences in the reaction
times between the unaffected side in the CVA and CTL
groups, and between the affected side and unaffected side in
the CVA group (Table 2).

In addition, ANOVA showed differences in the reaction
time of each rotation angle in the CVA group (p<0.01).

Table 1. Characteristics of the 31 CVA patients

CVA

Patients (n) 31
Right hemiplegia : Left hemiplegia (n) 13 : 18

Age (y) 64.5 ± 9.5
Lesion location (n) MCA territory 11

Putamen 7
Thalamus 4

ACA territory 4
Basal ganglia 3

Brainstem 2
Elapsed days from onset (d) 46.3 ± 24.8

Motor impairment; SIAS Upper limb 3.5 ± 1.7/5
Sensory impairment; FMA Upper limb 3.2 ± 1.0/4
Impaired attention; ARS 14.5 ± 10.2/56

Reaction time (s) Upper limb on affected side 2.5 ± 0.9
Upper limb on unaffected side 2.2 ± 0.7

Mean ± SD. CVA, persons who sustained a cerebrovascular accident; MCA, middle cerebral artery; ACA, anterior middle
cerebral artery; SIAS, Stroke Impairment Assessment Set; FMA, Fugl-Meyer Assessment; ARS, Attentional Rating Scale.
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Statistical post-hoc analysis of the data showed that the
reaction time for the affected side to a photograph rotated
180 ° was delayed in comparison with that to a photograph
rotated  in the CVA group (p<0.01).

  Multiple regression analysis (stepwise method,
R2=0.236, p=0.006, β=0.486) disclosed that the reaction
time on the affected side in the CVA group was affected by
impaired attention (Table 3).

DISCUSSION

Mental rotation is performed with the direction of the
hand in a photograph coinciding with that of one’s own
hand, and is used to identify whether the photograph depicts
the right or left hand. It is considered that the reaction time
reflects motor imagery capacity17). Our results showed that
the impaired ability of motor imagery in stroke patients was
less when viewing photographs on the affected side than on
the unaffected side. This result is consistent with a previous
report on the impaired ability of motor imagery in stroke
patients18). The main finding of the present study was that
attention disturbances are associated with mental rotation
ability; by contrast, those of motor function, deep sensory
factor, lapsed days from onset, and brain-damaged side,
were less associated with mental rotation ability in the CVA
group. These findings are not consistent with previous
reports that physical characteristics are associated with the
reaction time of mental rotation10,12,13,18) . It is considered
that the mental rotation capacity is low when there is a
difference between recognition of self-motion and the actual
motion in brain-damaged patients who have impaired
attention. Hence, our results indicate that motor imagery
dose not generate motor plans that depend on the current
configuration of the limbs in stroke patients, suggesting that
stroke patients view photographs of mental rotation as
visual imagery without kinesthetic imagery. 

In rehabilitation-related research, some studies have

reported that physical function is improved by mental
practice in stroke patients2–6,19); however, our results
showed that impaired motor imagery ability in the CVA
group, suggesting that a strategy for therapeutic intervention
with motor imagery is expected to have a high therapeutic
effect because of the impaired attention of stroke patients.

In the present study, the number of participants was too
few to test reliability. More participants are required to
evaluate mental rotation to improve its use as a therapeutic
intervention, and objective assessment was lacking in the
evaluation of mental rotation. We think that to measure
mental rotation, it is necessary to evaluate the details of the
brain activity, using a functional brain imaging device such
as functional magnetic resonance imaging. The reaction
time for mental rotation of stroke patients with attention
disturbances within three months from onset is impaired;
however, what would be the outcome in stroke patients in
the chronic stage. Whether an intervention of motor imagery
training is appropriate for stroke patients is an issue for
further discussion.
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