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Purpose: We compared the activation pattern of the mirror neurons (MN) between two types of hand movement according to action
observation using functional MRI.

Methods: Twelve right-handed healthy subjects (5 male and 7 female, mean age 21.92 + 2.02 years) participated in the experiment. Dur-
ing fMRI scanning, subjects underwent two different stimuli on the screen: 1) video clips showing repeated grasping and releasing of the
ball via simple hand movement (SHM), and (2) video clips showing an actor performing a Purdue Pegboard test via complex hand move-
ment (CHM). paired t-test in statistical parametric mapping (SPM) was used to compare the activation differences between the two
types of hand movement.

Results: CHM as compared with the SHM produced a higher blood oxygen level dependent (BOLD) signal response in the right superior
frontal gyrus, left inferior and superior parietal lobules, and lingual gyrus. However, no greater BOLD signal response was found by SHM
compared with CHM (FWE corrected, p < 0.05).

Conclusion: Our findings provided that the activation patterns for observation of SHM and CHM are different. CHM also elicited boarder

or stronger activations in the brain, including inferior parietal lobule called the MN region.
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INTRODUCTION

Mirror neurons (MNs) are activated when an individual performs
an action or observes actions performed by others." In the 1990s,
NMs were first discovered; they denoted neuronal activity in the
ventral premotor area (area F5) and inferior parietal lobule of a ma-
caque monkey, both when the monkey executed a specific action
and when they observed another monkey performing a similar ac-
tion.** Brain imaging and neurophysiological studies have revealed
that MNs are activated in the human brain when observing actions
performed by others. In the human brain, the area of homologous
MN:s is comprised of the inferior parietal lobule, superior temporal
sulcus, and inferior frontal gyrus.*?

In addition, MNs are associated with various human movements

involved with motor preparation and motion imitation. MNs also
play an important role in the learning of motor patterns during ac-
tion observation.® Thus, various therapeutic interventions that can
activate NMs have been applied, including action observation train-
ing and action execution with mirror visual feedback in the field of
rehabilitation.” " In this regard, many previous studies have report-
ed that action observation improves not only the function of upper
limbs, but also the gait ability in stroke patients.*"”

MNs have gained popularity in research, which may lead to the
discovery of new therapies in the field of rehabilitation. We suggest
that visual information used for observation will be important for
therapeutic effects. Therefore, it is necessary to verify whether the
MNss reflect the features of the observed action. Therefore, we com-

pared the activation pattern of MNs according to action observa-
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tion based on the types of hand movement using functional MRI.

METHODS

1. Subjects

Twelve right-handed healthy subjects (5 males and 7 females) between
the ages of 20 and 27 years (mean age 21.92 + 2.02 years) with no his-
tory of neurological, physical, or psychiatric illness were enrolled for
this experiment. The study was conducted in accordance with the
Declaration of Helsinki. All subjects understood the purpose of the
study and provided written, informed consent prior to participation.

All subjects provided signed written informed consent forms.

2. Functional MRI

1) Experimental paradigm

All subjects were examined in supine position and were asked to
not move during the experiment. An MRI compatible VisualSys-
tem (NordicNeuroLab, Bergen, Norway) was used to present visual
stimuli, and images projected on the screen were displayed through
video goggles fixed in place with a head coil. The fMRI block design
consisted of a stimulus condition (20 seconds) and a baseline condi-
tion (20 seconds). During fMRI scanning, subjects viewed two dif-
ferent stimuli on the screen: 1) video clips showing an actor per-
forming repeated grasping and releasing of the ball via simple hand
movement (SHM), and (2) video clips showing an actor performing
a Purdue Pegboard test via complex hand movement (CHM). Pur-
due Pegboard test was performed as following; actor picks the pin,
washer, and collar in the cup one by one and assembles them in the
hole in the order of pin, washer, collar, and washer. The baseline
blocks showed a fixation cross located in the center of a blank
screen. Two alternative cycles were repeated five times and a run

duration of one cycle was performed for 3 minutes and 20 seconds.

Figure 1. Type of observed action (A) simple hand movement (SHM)
involving the repeated grasping and releasing of a ball. (B) Complex
hand movement (CHM) involving performing a Purdue Pegboard test.
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Sequence of the different stimuli was assigned randomly. The ex-

perimental block paradigm is shown in Figure 1.

2) fMRI parameters

The Magnetom Skyra 3T MRI system (Siemens, Erlangen, Germany)
and the standard head coil were used to perform blood oxygenation
level-dependent (BOLD) fMRI. BOLD-weighted Echo Planar Imag-
ing (EPT) parameters were as follows: repetition time (TR)=2,000
msec, echo time (TE) =30 msec, field of view (FOV) =210 mm, flip
angle=90° matrix size = 64 x 64, and slice thickness =4 mm. For ana-
tomical reference images, 28 axial, 4 mm slice thick, T1-weighted, and
spin echo images were obtained with a matrix size of 128 x 128, and
an FOV of 210 mm. Total images were acquired parallel to the bicom-

missure line of the anterior commissure-posterior commissure.

3) fMRI data analysis

An analysis of the fMRI data was performed using a statistical para-
metric mapping software (SPM 8, Welcome Department of Cognitive
Neurology, London, UK), which was implemented in the MATLAB
environment (The Mathworks, USA). All images were realigned and
normalized, and then, smoothed spatially with a Gaussian kernel at a
full width at half maximum (FWHM) of 8 mm to improve the signal-
to-noise ratio. The first level of analysis for each subject’s contrast im-
ages was conducted to investigate the individual brain activation
maps. The second level of analysis was performed using a random ef-
fect model with one-sample t-tests to examine the activation pattern
of each stimulus conditions. Paired t-test was also used to compare the
activation differences between the two types of hand movement. Ac-
tivations were based on clusters larger than 10 contiguous voxels. Sta-
tistical significance was considered at an FWE (Family-wise error

rate) corrected threshold of p < 0.05.

RESULTS

CHM produced a higher BOLD signal response in the right superi-
or frontal gyrus, left inferior and superior parietal lobule, and lin-
gual gyrus when compared with SHM. However, no greater BOLD
signal response was found by SHM compared with CHM (FWE
corrected, p < 0.05)(Table 1)(Figure 2).

https://doi.org/10.18857/jkpt.2019.31.3.157



A Comparsion of the Activation of Mirror Neurons Induced by Action Observation

JKPT

Table 1. Brain activation difference between simple and complex hand movements

Peak MNI coordinates

Brain region Brodmann area . y . Peak t-value No. of voxels
Complex movement ) Simple movement
Right superior frontal gyrus 6 26 8 58 13.55 45
Left inferior parietal lobule 40 -40 -28 38 12.15 22
Superior parietal lobule 7 -34 -48 52 11.81 21
Lingual gyrus 18 -8 -70 -2 -11.22 29

Simple movement > Complex movement
NS

p-value is FWE corrected at p<0.05.
NS: non-significant.

Figure 2. Results of the fMRI group analysis. Brain activations were shown during the observation for complex hand movement (A) and simple

hand movement (B)(uncorrected, p<0.001).

DISCUSSION

The present study investigated the activation pattern of MNs in ac-
cordance with the characteristics of observed actions. For that, we
compared the activation of MNs while observing an action being
performed between simple and complex hand movements. We
found that CHM induced more significant activation in the right
superior frontal gyrus, left inferior and superior parietal lobule, and
lingual gyrus than SHM.

Research on MNs in humans showed consistent progress and de-
velopment of brain imaging techniques, like the use of transcranial
magnetic stimulation, fMRI, and other methods.*!*** Buccino et

al.?” investigated the somatotopic organization of MNs. They
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showed that the activations in the premotor and parietal area corre-
sponded to the type of movements used in the observed action. Ac-
cording to the results, when participants observe an action being
performed with the mouth, arm/hand, and foot, the brain was acti-
vated in different parts of the frontal and parietal cortex. In detail,
these activations showed a somatotopic organization with the acti-
vation shifting from the ventral to dorsal with respect to the obser-
vation of action in the mouth, hand, and foot. These findings have
supported the assumption that MNs may reflect action perception.
The visual information obtained from observing an action is pro-
cessed in the occipital lobe of the lingual gyrus and middle occipital
gyrus. This visual information is then transferred to the inferior pa-

rietal lobule for specific kinesthetic coding. This information is pro-

159

www kptjournal.org



KPT The Journal of
Korean Physical Therapy

cessed in the inferior frontal gyrus, where the goal of the action is
defined.""**" Our results indicate that complex action observations
showed stronger brain activations in visual information processing,

In addition, as a brain imaging study on the characteristics of
movement, Park et al? compared brain activations between execut-
ed complex and simple movement using MRI. They reported that
stronger activation of ipsilateral hemisphere during execution of
complex movement. As with brain activations for executed move-
ment, our findings suggest that MNs might be also able to detect
the complexity of observed actions.

In the current study, we compared the activation of MNs while ob-
serving an action between SHM and CHM. Our findings show that
the activation patterns are different between SHM and CHM. CHM
also elicited boarder or stronger activations of some brain areas, in-
cluding the inferior parietal lobule called the MNs region. Therefore,
we suggest that NMs may reflect the complexity of the observed ac-
tions. In the clinical field, clinical practices based on MNs activation
may need to consider the contents of action observation presented.
There are some limitations in this study. First, the sample size is small.
Therefore, careful interpretation of the results may be necessary. Sec-
ond, we only identified differences of brain activation without clinical
data. So, we do not know functional changes related to brain activa-
tions. Third, because this study investigated the immediate brain acti-
vations during fMRI scanning, we did not demonstrate the brain ac-
tivity for the long-term influence of action observation for promoting

plasticity. These issues will be addressed in future studies.
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