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1. Introduction
The mirror neuron system (MNS) entails the activity of 
the neuron population that is activated both when an in-
dividual performs a specific action and when individuals 
observe a similar action performed by another individual. 
Mirror neurons were first discovered in ventral premo-
tor area F5 of the macaque monkey [1]. They were also 
shown to exist in a region of the inferior parietal lobule 
[2]. Human neuroimaging studies showed activation in 
homologous cortical areas when individuals observed and 
performed the same actions [3,4]. Furthermore, a cortical 
recording study of macaque monkeys found that in addi-
tion to area F5, the hand area of the motor cortex exhibited 
mirror-like properties [5].
A study demonstrated that neurons in the F5 area of the 
macaque monkey predominantly discharged during the 
observation of purposeful actions but did not fire while 

the monkey was watching mimicked or pantomimed ac-
tions [6]. The same study showed that a subset of F5 neu-
rons discharged while monkeys observed the final stages 
of movement directed toward an object but not when the 
same motion was performed without an object [6]. Kohler 
et al. found that a part of the mirror neurons became ac-
tive while observing action accompanied by sounds and 
was also activated by sound alone in monkeys [7]. Mirror 
neuron activity plays a role in comprehending the goal of 
motor actions being done by a person at that moment [8].
In humans, a study showed that observing hand move-
ments with an object activated the ventral premotor cortex 
and posterior parietal lobe areas, while the imitation of the 
same actions in the absence of objects only activated the 
premotor area [9]. Both action observation and imitation 
activated the inferior frontal gyrus [10]. Additionally, ac-
tion planning, execution, and observation tasks activated 

Background/aim: The firing rate of the mirror neuron system in monkeys decreases systematically with more repetitions. The aim of 
this study is to investigate whether the activity of the mirror neuron system varies based on the observed movement and the contents 
of the action, as well as whether there is inhibition in the mirror neuron system when humans observe repeated actions. If inhibition is 
present, the second question of the study is whether it is related to the organization of the observed action. 
Materials and methods: Fourteen healthy volunteers participated in the study. Transcranial magnetic stimulation was applied to the left 
primary motor cortex and motor evoked potentials (MEPs) were recorded from the right first dorsal interosseous and abductor pollicis 
brevis muscles while the participants were watching videos specially prepared for the study.
Results: There were no significant changes in MEP amplitudes compared to baseline MEPs while observing aimless action. However, 
while participants watched the repeated action video, the mean MEP amplitude increased at the beginning of the movement, but neither 
facilitation nor inhibition was detected when the participants watched the phase of grasping the object of the action compared to the 
baseline MEP amplitude. On the other hand, while participants were watching different activities, an increased MEP amplitude was ob-
served at the beginning of the movement and in the grasping of the object of the action. Additionally, there was no significant reduction 
in MEP amplitude during any movement stages while observing the repeated action video. 
Conclusion: The findings of this study suggest that the activation of the mirror neuron system in humans depends on the content and 
stages of the observed movement. Additionally, there was no inhibition or systematic reduction in MEP amplitudes while watching a 
repeated action.
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the intraparietal sulcus [11,12]. The inferior frontal gyrus 
and intraparietal sulcus comprise the human MNS for ac-
tion representation [13].
In the monkey brain, repeating the same stimulus causes 
a decrease in neuronal firing [14]. In adult humans, the 
repetition of a stimulus usually results in a reduction of 
the blood oxygen level signal in the relevant brain regions. 
This phenomenon is known as repetition suppression 
and has been observed across various domains, including 
numbers [15], objects [16], and semantics [17].
Caggiano et al. demonstrated that F5 neurons in monkeys 
did not adapt to observations of repeated actions. While 
they detected a decrease in the response of a small num-
ber of F5 neurons and an increase in a few others, overall 
the neurons did not change their firing in response to the 
observation of repeated actions [18]. Kilner et al. showed 
no significant difference in mirror neuron firing rates from 
the first to the second presentation. However, they showed 
that the firing rate systematically decreased with more rep-
etitions of the same action [19].
In humans, Hamilton et al. showed that repeated observa-
tion of the same goal action led to a systematic reduction 
of activation in the left intraparietal sulcus. However, they 
found that repeated observation of the same hand trajectory 
did not cause suppression [20].
This study explores whether MNS activity changes accord-
ing to the observed movement and the movement’s con-
tents. In addition, this study aims to test the hypothesis that 
repeated observation will suppress MNS activity in humans. 
To achieve these goals, we prepared different videos repre-
senting various characteristics of movement in humans.

2. Materials and methods
2.1. Study population
Fourteen healthy right-handed individuals (4 women, 10 
men) aged 24–48 years (mean age: 32 years) without sys-
temic or neurological diseases were enrolled in this study. 
All participants provided written informed consent, and 
the Ankara Numune Training and Research Hospital 
Clinical Research Ethics Committee (E-Kurul-E-14-289) 
approved the study.
2.2. Videos
The study involved having the volunteers watch three dif-
ferent videos with intervals of at least 1 week between each 
viewing. Video-1 consisted of 15 stereotypical movements 
of a right hand resting on a table and lifted aimlessly from 
the table. Video-2 featured a pen as an object, and the aim 
was to reach the pen, grasp it, and write on paper. This 
video consisted of 15 repetitive movements. Video-3 in-
volved different actions and movements with the pen as an 
object, featuring 15 different activities, such as putting the 
pen in a pen holder, closing the cap, etc., after the hand was 
resting on the table, grasping the pen. After adjusting the 

video sequences, the beginning of the movement (BM) 
and the grasping of the object (GO) were fixed. There 
were 15 sequences in each video, and each sequence was 
about 13.6 s. Each video length was about 4 min. Figure 1 
shows the contents of the videos.
The volunteers were asked to watch the video on a screen 
100 cm away while sitting in a comfortable chair. Partici-
pants were asked to watch the videos carefully and avoid 
imagining the observed actions.
2.3. Transcranial magnetic stimulation (TMS) 
procedure
Single-pulse stimulations were applied over the hand 
area of the left motor cortex using a figure-8-shaped coil 
with a diameter of 7 cm, connected to a Magstim 200 
single-pulse stimulator (Magstim Co. Ltd., Whitland, 
Wales). The coil was oriented to induce current flow in 
a posterior-anterior direction. Electromyography (EMG) 
recordings were obtained from the right first dorsal in-
terosseous (FDI) muscle and the right abductor pollicis 
brevis (APB) muscle using 10-mm Ag-AgCl surface re-
cording electrodes. The coil was adjusted to an optimal 
position for obtaining a motor evoked potential (MEP) 
from the FDI muscle. A cap was placed on the scalp and 
the optimal position of the coil was marked, and the po-
sition of the coil was continuously checked during the 
experiment. EMG signals were filtered (30–3000 Hz) and 
digitized at a sample rate of 10,000 Hz using a Digitimer 
D440 4-channel isolated amplifier (Digitimer, Hertford-
shire, UK) and recorded with a CED-1401 analog-to-dig-
ital converter (Cambridge Electronic Design, Cambridge, 
UK). KMPlayer software was used to play the video, and 
synchronization between KMPlayer and Signal 4.0 was 
achieved with Auto Mouse Clicker software [21]. Offline 
analysis of the signals was performed using Signal Soft-
ware (Cambridge Electronic Design, UK).
Each volunteer was required to participate in the study 
three times with intervals of at least 1 week between ses-
sions. In each session, the magnetic stimulation intensity 
was adjusted to elicit MEPs with an amplitude of approxi-
mately 1 mV in the FDI muscle. After determining the 
threshold of the 1-mV MEP, baseline MEP amplitudes 
were obtained by averaging the values of 15 MEPs that 
resulted from stimulation of the contralateral motor cor-
tex at the same stimulation intensity with a fixed rate of 
0.2 Hz during the resting state of the muscles. Follow-
ing the baseline MEP measurements, volunteers were 
instructed to watch the video in a relaxed manner, while 
MEPs were recorded during the watching of movements 
at the BM and GO stages using the same stimulation in-
tensity. MEP amplitudes were calculated individually as 
the average value of 15 MEPs at each stage and measured 
as the peak-to-peak amplitude. Videos were randomly 
assigned to participants in each session.
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2.4. Statistical analysis
All data analyses were conducted using IBM SPSS Statistics 
22.0 for Windows (IBM Corp., Armonk, NY, USA). Base-
line MEP amplitudes were compared with the MEP ampli-
tudes obtained while the participants watched the BM and 
GO stages on the screen. Repeated ANOVA with the fac-
tors of “TMS timing” in terms of the timeline of the move-
ment on the screen (baseline × BM × GO) and “recording 

muscle” (FDI × APB) was performed for each video result 
separately. The distribution of the data was checked with 
the Shapiro–Wilk test. Values of P < 0.05 were considered 
statistically significant. In order to detect Cohen’s medium 
effect size of f = 0.025 (1) with 80% power in repeated mea-
sures, within-factors ANOVA (three groups, alpha = 0.05) 
performed with G*Power 2 suggested that we would need 
12 participants (N = 12) [22].

Figure 1. Sequences of each video’s contents. Video-1 consisted of 15 stereotypical movements in which a right hand was resting 
on a table and then lifted aimlessly from the table. Video-2 consisted of 15 repetitive movements involving reaching out to a pen, 
grasping the pen, and writing on paper. Video-3 consisted of 15 various activities: reaching out, gripping the pen, and different 
motor outputs, such as putting the pen in a pen holder, closing the cap, etc. Transcranial magnetic stimulations were applied at 
the beginning of the movement and the grasping of the object. 
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3. Results
Eight out of the 14 volunteers participating in the study 
watched all three videos. Ten volunteers watched the first 
video, 11 volunteers watched the second video, and 11 vol-
unteers watched the third video.
3.1. Effect of watching videos on MEP amplitude 
Figures 2–4 show the mean MEP amplitudes obtained for 
each video. In addition, the ANOVA results regarding the 
watched videos are presented in the Table. The ANOVA 
results showed that the factor of “recording muscle” had 
the main effect on MEP amplitude for all videos, while the 
effect of “TMS timing” on MEP amplitude was detected 
for Video-2 and Video-3. Moreover, significant “TMS tim-
ing” × “recording muscle” interaction was detected from 
the data obtained for Video-2 and Video-3. Therefore, we 
conducted separate analysis of the effect of “TMS timing” 
based on the recording muscle. 
For Video-1, “TMS timing” had no effect on MEP ampli-
tude [F(2, 20) = 2.1, P = 0.15] (Figure 2).
For Video-2, statistical analysis results for the FDI muscle 
revealed that the MEPs obtained when the participants 
observed the BM stage were significantly higher than the 
baseline MEP amplitudes (P = 0.001). There was no sig-
nificant difference between the MEPs obtained during 
the GO stage and baseline MEP amplitudes (P > 0.05). 
The mean MEP amplitude obtained from the participants 
while they watched the BM part of the video’s movement 

was significantly higher than the mean MEP amplitude 
obtained while watching the GO for the FDI muscle (P 
= 0.003) (Figure 3). In addition, a significantly increased 
mean MEP amplitude for the BM of TMS timing was de-
tected for the APB muscle compared to the baseline mean 
MEP amplitude (P = 0.02) (Figure 3).
For Video-3, the mean MEP amplitudes obtained for the 
BM and GO stages of TMS timing were significantly in-
creased compared to the baseline MEP amplitudes for 
the FDI (P = 0.003 and P = 0.007, respectively) and APB 
muscles (P = 0.005 and P = 0.008, respectively) (Figure 4).
3.2. Comparison of observed action contents of the 
videos
To compare the effects of the video contents on MEP am-
plitude, we first calculated the MEP amplitude increase 
ratio as MEP amplitude obtained with BM TMS timing/
baseline MEP amplitude (MEPBM/MEPbaseline) and 
MEP amplitude obtained with GO TMS timing/baseline 
MEP amplitude (MEPGO/MEPbaseline). ANOVA tests 
were designed to investigate the effects of “video” (“Vid-
eo-1” × “Video-2” × “Video-3”) and “TMS timing” (“BM” 
× “GO”) on MEP amplitude for the FDI and APB muscles. 
The results showed no main effects of “video” or “TMS 
timing” on MEP amplitude for the FDI (F[0.7, 4.2] = 0.98, 
P = 0.4 and F[0.01, 0.5] = 0.72, P = 0.7, respectively) and 
APB (F[2.5, 15.1] = 0.98, P = 0.3 and F[0.2, 0.3] = 0.15, P 
= 0.1, respectively) muscles. However, there was a signifi-

Figure 2. Comparison of motor evoked potential am-
plitudes in Video-1. 
MEP: Motor evoked potential; Beginning OM: begin-
ning of the movement; Grasping OO: grasping of the 
object; TMS: transcranial magnetic stimulation; APB: 
abductor pollicis brevis; FDI: first dorsal interosseous.
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cant interaction effect between “TMS timing” and “video” 
for the FDI muscle (F[0.8, 1.3] = 4.1, P = 0.02). This find-
ing indicated that “TMS timing” had different effects on 
mean MEP amplitudes depending on the observed video 
type for the FDI muscle. The Bonferroni corrected t-test 
showed that watching the GO stage resulted in a signifi-
cantly greater MEP amplitude increase in Video-2 than in 

Video-1 (P = 0.002), while there was no difference in BM-
related MEP facilitation regarding watching the videos (P 
> 0.05).
3.3. MEP distribution for the same object and same aim
Watching Video-2 resulted in an increased MEP ampli-
tude during the BM stage compared to the baseline, while 
neither facilitation nor inhibition was detected during GO 

Figure 3. Comparison of motor evoked potential am-
plitudes in Video-2. 
MEP: Motor evoked potential; Beginning OM: begin-
ning of the movement; Grasping OO: grasping of the 
object; TMS: transcranial magnetic stimulation; APB: 
abductor pollicis brevis; FDI: first dorsal interosseous.

Table. Results of ANOVA regarding the watched videos. 

F P
Video 1 TMS timing (2, 20) = 2.1 0.15

Muscle (1, 10) = 37.16 0.000
TMS timing × Muscle (2, 20) = 0.91 0.42

Video 2 TMS timing (2, 22) = 10.9 0.001
Muscle (1, 11) = 8.56 0.014
TMS timing × Muscle (2, 22) = 4.24 0.047

Video 3 TMS timing (1, 10) = 25.01 0.001
Muscle (1, 9) = 14.89 0.004
TMS timing × Muscle (2, 20) = 6.89 0.005

TMS: Transcranial magnetic stimulation.
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compared to the baseline MEP amplitude. We explored 
the time course of MEP amplitude changes during both 
the BM and GO stages of the observed movement to in-
vestigate this discrepancy in Video-2. For this, 15 MEP 
values obtained from healthy subjects were divided into 
three parts: the first five (1–5) MEPs (MEP1-5), middle 
five (6–10) MEPs (MEP6-10), and last five (11–15) MEPs 
(MEP11-15). Mean values for MEP1-5, MEP6-10, and MEP11-15 
were calculated. Repeated ANOVA testing indicated that 
there was no significant difference between the mean val-
ues of MEP1-5, MEP6-10, or MEP11-15 in the BM or GO stages 
obtained from the FDI and APB muscles (P > 0.05).
4. Discussion
The main results of this study were as follows: First, no 
significant MEP amplitude changes were detected while 
the participants were watching the objectless and aim-
less video; however, MEP amplitudes increased while they 
watched a video that contained an object and goal-directed 
movements. Second, while the participants were watching 
the beginning of the movement action, the mean MEP am-
plitude significantly increased in all videos that contained 
object and goal-directed movements. Third, watching the 
video that contained different goals and actions of grasp-
ing the object significantly increased the MEP amplitudes. 
Fourth, while watching a repeated action, observing the 
beginning of the movement action significantly increased 

the MEP amplitude. Finally, neither inhibition nor system-
atic reduction was observed while participants watched a 
repeated action.
Our first finding of MEP amplitude increasing while par-
ticipants watched another person’s action including an 
object and goal is consistent with previous TMS studies 
[23–25]. One study showed that corticospinal excitability 
increased in recordings from the tibialis anterior and so-
leus muscles during gait observation [26]. Another study 
found MEP facilitation during observations of direct 
movement [27]. These studies revealed that MEP ampli-
tudes increased when participants observed movements. 
Rens et al. detected that observation of the lifting of an 
object increased corticospinal excitability regarding the 
object’s weight [28]. 
Most evidence suggests that during action observation, the 
primary motor cortex (M1) is the source of modulation 
in corticospinal excitability. It has been concluded that the 
mechanism that causes changes in MEP amplitude during 
action observation is the activation of the premotor and 
parietal areas, followed by the generation of representation 
of the observed movement in M1 through cortico-cortical 
connections [29–31]. The increase of MEP amplitudes 
during action observation appears to be phase-dependent. 
The most significant increase in MEP amplitude occurs 
when specific muscles contract during actual task perfor-

Figure 4. Comparison of motor evoked potential ampli-
tudes in Video-3. 
MEP: Motor evoked potential; Beginning OM: beginning 
of the movement; Grasping OO: grasping of the object; 
TMS: transcranial magnetic stimulation; APB: abductor 
pollicis brevis; FDI: first dorsal interosseous.
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mance [25]. However, Syrov et al. found no increase in 
MEP amplitudes in natural and unnatural action observa-
tions. They suggested that their TMS timing may not have 
led to an increase in MEP amplitudes due to the phase 
dependence of activation [32]. In our study, we found in-
creased MEP amplitudes while the participants observed 
the beginning of purposeful movement action in the pres-
ence of an object and while observing the grasping of the 
object for different aims. The most significant increase in 
MEP amplitude was observed while participants watched 
the video that contained the gripping of the object for dis-
tinct goals. This finding may indicate that the key factor is 
the goal’s presence while watching other people’s actions 
regarding MNS activation. It was shown that adults encode 
actions in terms of their outcomes [33]. Humans interpret 
basic movements in terms of the actors’ aims and inten-
tions while observing others’ actions. In particular, aims 
are the main factor for action planning and our interpreta-
tions of other people’s actions. Fogassi et al. showed that 
single cells in the inferior parietal lobe responded selec-
tively to both the execution and observation of an action 
within a sequence leading to a specific goal in monkeys. 
However, they did not respond to the same action when it 
was part of a sequence reaching a different purpose [34]. 
No significant changes were observed while watching the 
video containing neither object nor purpose. The relation-
ship between the video contents and the recording muscles 
may explain this finding. This video showed a right hand 
being lifted from a table without a grasping action and the 
hand muscles were inactive. The recordings were made 
for the APB and FDI muscles. The MNS becomes active 
during the observation of actions of relevant body parts. 
Cavallo et al. conducted a reverse pliers experiment in hu-
mans using TMS. MEPs were recorded from the first dor-
sal interosseous and the opponens pollicis muscles while 
observing and executing grip movements with classical 
and reverse pliers. Their study results indicated that motor 
cortex excitability reflects the configurative relationship 
between body parts in observed hand movements. They 
suggested the importance of encoding the configural body 
part relationships involved in the action rather than the 
aim of the action when individuals are observing another 
person performing a task with pliers [23]. Thenar muscles 
(e.g., the abductor pollicis brevis muscle) are used for writ-
ing in humans [35]. In our study, we found increased MEP 
amplitudes in the APB muscle. The object was a pen in 
both the video with the same object and the same goal and 
the video with the same object and a different goal. Most 
people think of writing as the first action to come to mind 
when a pen is seen on the screen, which may lead to an 
increase in MEP amplitude for the APB muscle.
In this study, participants were not informed about the 
videos they would watch before the experiment started, 

nor were they aware of whether they would watch repeated 
actions. Participants may have expected the movement to be 
different each time they watched the repeated action video, 
and they may have also anticipated that the same action 
would not occur at the beginning of the movement. This 
may have resulted in an increase in MEP amplitudes at the 
beginning of the movement but not during the grasping of 
the object. Kilner et al. did not find a significant change in 
the firing rate of mirror neurons from the first to the sec-
ond presentation in observations of a repeated action. Their 
study showed that the firing rate of F5 neurons in monkeys 
decreased systematically with more repetitions [19]. In con-
trast, Caggiano et al. demonstrated that F5 neurons were 
not suppressed while monkeys observed repeated actions. 
The activity of a small number of F5 neurons decreased 
while the firing rate of a few F5 neurons increased, and most 
of the recorded single neurons did not show a significant re-
duction in firing rate [18]. Kuravi et al. found that macaque 
superior temporal sulcus neurons, which are indirectly con-
nected to F5, showed repetition suppression in the action 
phase in the study of single and multiunit recordings [36]. 
Watching the grasping of an object by hand is a complex 
stimulus that involves the simultaneous representation of 
two different stimuli, namely the hand and the object. The 
form of the hand varies while at rest, at the beginning of the 
movement, and during the grasping action. Repetition of 
the action phase (i.e., the approaching and reaching stage) 
can be interrupted by another action phase [36]. This could 
explain why we did not observe any inhibition in our par-
ticipants while they watched repeated action. On the con-
trary, MEP amplitudes increased while they watched the 
beginning of the movement compared to the baseline MEP 
amplitude. Furthermore, we did not detect any systematic 
inhibition in our study. Hamilton et al. showed a systematic 
reduction of activation in the left intraparietal sulcus while 
participants watched repeated actions directed at the same 
aim. However, no suppression was detected upon repeated 
observations of the same trajectory in this region [20]. In 
our study, the participants watched 15 identical sequences 
in a repeated action video. Hence, the trajectory and move-
ments in the repeated action video were always the same. 
Kilner et al. showed that inhibition in the firing rate with 
repetition occurred for both facilitation and inhibition mir-
ror neurons [19]. They detected that facilitation mirror neu-
rons were less active and the suppression mirror neurons 
were more inhibited, leading to no significant changes at 
the population level in monkeys [19]. Our study with TMS 
did not examine the subgroups of the MNS separately but 
rather revealed the overall output. MEP amplitude was nei-
ther inhibited nor facilitated while participants watched the 
sequence of the grasping of an object in the repeated action 
video. This finding can be considered consistent with the re-
sults of other studies [19,20].
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From a clinical perspective, many studies have reported 
successful results using mirror therapy in the treatment 
of some neurological diseases such as stroke and phan-
tom pain [37–43]. Our study results suggest that it may 
be more beneficial to perform different movements rather 
than repeating the same movements during mirror thera-
py sessions used in the rehabilitation process of some neu-
rological diseases when combined.
This study has some limitations. First, only 8 out of 14 
healthy volunteers watched all videos in this study. Sec-
ond, the participants were encouraged to watch carefully 
without thinking or imagining the action, but the partici-
pants’ attention was not measured while they watched the 
videos. Finally, recordings were made from the APB and 
FDI muscles. The aimless and objectless video contained 
a sequence of a hand rising from a table without hand 
muscle activation, and no activation of the FDI and APB 
muscles might be expected in that movement. Therefore, 
activation may not have been detected in these muscles 
while watching this video. At the same time, the study has 
some strengths, as evaluations were performed while par-
ticipants observed the same or different aims in different 
stages. Studies that vary the objects presented could pro-
vide more information on this topic.
In conclusion, the MNS was evaluated while participants 

watched actions with or without an object and aim. Fur-
thermore, it was assessed with both repeated and differ-
ent movements in this study. This study has demonstrated 
that a significant increase in MEP amplitude occurs while 
watching a video containing an object and aim. Watching 
the beginning of the movement action significantly in-
creased corticomotor excitability while participants were 
viewing repeated action. This may have arisen from the 
expectations of the participants. Inhibition or systematic 
reduction in MEP amplitudes was not observed while they 
watched repeated action.
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