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Background: Observation of a goal-directed motor action can excite the respective
mirror neurons, and this is the theoretical basis for action observation (AO) as a novel tool
for functional recovery during stroke rehabilitation. To explore the therapeutic potential of
AO for dysphagia, we conducted a task-based functional magnetic resonance imaging
(fMRI) study to identify the brain areas activated during observation and execution of
swallowing in healthy participants.

Methods: Twenty-nine healthy volunteers viewed the following stimuli during fMRI
scanning: an action-video of swallowing (condition 1, defined as AO), a neutral image
with a Chinese word for “watching” (condition 2), and a neutral image with a Chinese
word for “swallowing” (condition 3). Action execution (AE) was defined as condition 3
minus condition 2. One-sample t-tests were performed to define the brain regions
activated during AO and AE.

Results: Many brain regions were activated during AO, including the middle temporal
gyrus, inferior frontal gyrus, pre- and postcentral gyrus, supplementary motor area,
hippocampus, brainstem, and pons. AE resulted in activation of motor areas as
well as other brain areas, including the inferior parietal lobule, vermis, middle frontal
gyrus, and middle temporal gyrus. Two brain areas, BA6 and BA21, were activated
with both AO and AE.

Conclusion: The left supplementary motor area (BA6) and left middle temporal gyrus
(BA21), which contains mirror neurons, were activated in both AO and AE of swallowing.
In this study, AO activated mirror neurons and the swallowing network in healthy
participants, supporting its potential value in the treatment of dysphagia.

Keywords: mirror neurons, swallowing network, action observation, action execution, functional magnetic
resonance imaging
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INTRODUCTION

Mirror neurons are a specific neuronal population that discharge
not only during the performance of a particular action, but also
during observation of others performing a similar action (Cook
et al., 2014; Marshall, 2014). These neurons are found throughout
the brain, including in the Broca’s area, ventral premotor region,
premotor cortex (PMC), posterior regions of the inferior frontal
gyrus (IFG), inferior parietal lobule (IPL), insula, amygdala, and
prefrontal cortex (PFC) (Casile et al., 2011; Kilner and Lemon,
2013; Cook et al., 2014; Zhang et al., 2018). Current theories in
cognitive neuroscience suggest that mirror neurons are central
to the basic neural mechanisms underlying action recognition,
motion intention coding, and motor learning (Maranesi et al.,
2014; Amoruso et al., 2018; Catmur et al., 2018; Mazurek
et al., 2018). Previous studies revealed a neuronal mechanism
of mirror neurons that matches perception and action as well
as cognition and motility, and permits action recognition and
understanding (Rizzolatti and Sinigaglia, 2016; Tramacere et al.,
2017). In other words, observation of others’ actions can activate
brain regions similar to those involved in the execution of
that action and then can induce the same action. For example,
Fawcett et al. illustrated that infants learn to replicate others’
joint activity through observation (Fawcett and Liszkowski,
2012). Given the properties of the action observation–execution
matching mechanism, mirror neurons may influence plasticity-
related functional reorganization after stroke or brain injury,
re-activating the top-down neural pathway, leading to recovery
of motor function (Sale and Franceschini, 2012; Small et al.,
2013). In recent years, action observation (AO), in which
patients observe a specific video describing an action to recruit
the relevant action-related mirror neurons and enable a direct
matching between others’ gestures and their own motor system,
has emerged as a novel and effective option as an add-on
intervention to rehabilitation therapy (Hetu et al., 2010; Sale
and Mattingley, 2013; Bassolino et al., 2014; Vesia et al., 2019).
To date, this approach has been successfully applied in the
rehabilitation of upper limb motor functions in chronic stroke
patients (Borges et al., 2018), in the language rehabilitation of
post-stroke aphasia patients (Gili et al., 2017), in motor recovery
of Parkinson’s disease patients (Pelosin et al., 2013), including
those presenting with freezing of gait (Pelosin et al., 2018), and
in children with cerebral palsy (Kirkpatrick et al., 2016).

Swallowing is a coordinated physiological process, involving
complex neuromuscular interactions (Ertekin and Aydogdu,
2003). Extensive research has shown that the swallowing
network includes the brain regions of the primary sensorimotor
system, supplementary motor area (SMA), insula, cingulate
cortex, IFG, IPL, temporal lobe, precuneus, cerebellum, and
brain stem (Hamdy et al., 1999a; Lang, 2009; Soros et al.,
2009; Lima et al., 2015; Toogood et al., 2017). When any
area of the swallowing network is damaged, dysphagia occurs
(Domenech and Kelly, 1999; Gonzalez-Fernandez and Daniels,
2008). Dysphagia can result in serious complications, including
pneumonia, malnutrition, dehydration, and even death, and
is strongly linked to a deteriorated quality of life (Clavé and
Shaker, 2015; Rommel and Hamdy, 2016). Regrettably, because

traditional dysphagia therapies (e.g., compensatory strategies,
external stimulation of oral, and pharyngeal structures) are aimed
at recovering the function of swallowing biomechanics rather
than directly repairing the central nervous system (Martino and
McCulloch, 2016; Easterling, 2017; Lazarus, 2017), the cycle
of rehabilitation is long and the outcome of clinical treatment
is typically poor. Therefore, repairing the damaged networks
directly to improve swallowing function has become a challenge
demanding a prompt answer. We found that some brain areas
of swallowing regulation overlap those with mirror neurons,
such as the motor regions, IFG, IPL and others. Additionally,
animal studies have shown that observation of eating behavior
can stimulate observers to execute swallowing-related action
(Rizzolatti and Craighero, 2004). Based on the aforementioned
exploration of the literature, we speculated that AO might
be useful in treating dysphagia. In contrast to other body
movements, swallowing is regulated by motor and sensory
feedback and is particularly difficult to observe directly (Dodds,
1989). As yet, there is paucity of evidence demonstrating that
an action-video of swallowing can activate mirror neurons
and the swallowing network, prompting us to conduct the
current experiment.

Functional magnetic resonance imaging (fMRI), which detects
changes in the blood oxygen level-dependent (BOLD) signal
as an indirect measure of neuronal activity, is a powerful
tool for exploring brain functions non-invasively (Ogawa
et al., 1992). Compared to other neuroimaging methods
[e.g., electroencephalography (EEG), magnetoencephalography
(MEG), near-infrared spectroscopy (NIRS)], fMRI offers good
contrast resolution and excellent spatial resolution for accurately
determining the location and activation patterns of a neural
source. The rapid development of neuroimaging technology has
facilitated task-based fMRI, which can accurately reveal the brain
regions that are activated when one executes a certain task.
This approach provides a good foundation for our research on
the activation of mirror neurons and the swallowing network
induced by AO (Ugurbil, 2016). In 12 healthy adults, Kawai et al.
(2009) used fMRI to verify that visual and audiovisual stimuli
related to swallowing motion contribute to activation of the brain
regions related to swallowing. However, in comparison to a still
image or auditory stimuli associated with swallowing, action-
video stimuli of swallowing promote better integral transmission
of coherent information regarding the swallowing motion.
Additionally, the single-trial paradigm used in Kawai et al.’s study
can track only the chronological changes activated by a single
stimulus, decreases the BOLD-signals caused by the stimulus, and
offers weak contrast-to-noise ratios. Moreover, previous studies
were limited by small sample sizes. To address these problems
and improve the detection efficiency for mirror neurons, we
devised a block-design fMRI study in 29 health volunteers. This
type of design was previously shown to be applicable for the
swallowing task by Soltysik and Hyde (2006).

In the current study, based on our assumption that AO of
swallowing in daily life can activate brain regions similar to
those required for the action execution (AE) of swallowing,
we employed task-based fMRI in a reasonably large subject
population to identify the regions of the brain that are activated

Frontiers in Neuroscience | www.frontiersin.org 2 August 2020 | Volume 14 | Article 867

https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org/
https://www.frontiersin.org/journals/neuroscience#articles


fnins-14-00867 August 19, 2020 Time: 20:16 # 3

Jing et al. Activation Patterns in Swallowing AO and AE

during observation of the action-video of swallowing and the
neuronal responses that occur during swallowing, as well as to
investigate interactions among the brain areas activated by the
task. Furthermore, we examined whether the specific swallowing
video can modulate voluntarily participants’ mirror neurons to
induce brain activity related to swallowing and estimated whether
AO represents a feasible intervention for dysphasia that warrants
further research in patients.

MATERIALS AND METHODS

Participants
Twenty-nine healthy volunteers (15 female, 14 male, mean
age: 22.76 ± 2.63 years; education level: 15.48 ± 1.06 years)
participated in the study after providing written informed
consent. All participants had normal or corrected-to-normal
vision, and volunteers were excluded if they had a personal
history of dysphagia, current sore throat due to respiratory
infection or chronic pharyngitis, neurological or psychiatric
illness, or drug or alcohol abuse. The experiment was approved by
the Medical Ethics Committee of medical college of South China
University of Technology and was performed in accordance with
the ethical standards of the Declaration of Helsinki.

Experimental Design
Before the fMRI experiment, all participants underwent
an operant training to ensure they fully understand the
entire procedure, including the task-related functional and
structural scans.

During the functional image acquisition, participants were
asked to lie down quietly in a comfortable supine position on
the magnetic resonance scanner. They then viewed the session
through a tilted mirror mounted above their eyes on the head
coil, and completed a total session lasting 14.4 min and comprised
of three different task blocks of 36 s (with 18 s trial duration
and 18 s rest period). In the task blocks, three stimuli were
presented: a video of the left profile of a man biting into an
apple, chewing, and then swallowing; a neutral picture of a
desk with a Chinese word for “watching”; and the same neutral
picture with a Chinese word for “swallowing.” A dark image was
shown during the rest periods. When the video of swallowing
appeared on the screen, participants were instructed to attentively
watch and understand the swallowing movements of the man.
When the image of the desk with the “swallowing” message was
shown, they were instructed to execute the swallowing motion
in a regular, comfortable, self-paced rhythm. When viewing the
image with the word “watching,” they needed to remain quiet
(with the absence of swallowing movements or thought) and
focus on the screen. Each block was repeated eight times in
pseudo-random order with sequence randomized according to
a computer-generated list of random numbers. A 10 s blank
block was allowed for elimination of the influence of blood signal
saturation and adaption to the MRI environment initially. In the
same way, a 10 s blank block was used to avoid end-effects and
data corruption at the end of the session. Then, a T1 scan for the
structural image was performed after the task session, in which

participants were instructed to remain awake but relaxed with
their eyes closed, remaining motionless as much as possible. The
detailed experimental design is illustrated in Figure 1.

MRI Data Acquisition
All brain imaging data were acquired on a 3.0 T MRI
scanner (Siemens, Erlangen, Germany) with an 8-channel head
coil at Guangzhou First People’s Hospital, China. The MRI
scanning sessions consisted of an approximately 14.4 min task-
based session and a 9 min anatomical scan. All participants
underwent T2-sensitive gradient reflection echo (GRE) sequence
scanning (parameters: TR = 2000 ms, TE = 21 ms, flip
angle = 78◦, matrix = 64 × 64, slice thickness = 4.0 mm, voxel
dimensions = 3.5 × 3.5 × 4.0 mm), which provided whole-
brain coverage in 33 slices during task completion. T1-weighted
structural images were recorded using a 3D magnetization-
prepared rapid gradient echo (MPRAGE) sequence (parameters:
TR = 2530 ms, TE = 2.93 ms, TI = 900 ms, flip angle = 9◦,
matrix = 256 × 256, slice thickness = 1.0 mm, voxel
dimensions = 1.0 × 1.0 × 1.0 mm). The MRI sequence and
image-acquisition parameters were kept constant during the
scanning period. Participants wore earplugs to reduce scanner
noise, and pads were used to reduce head motion. During the
MRI scanning sessions, participants lay supine on the scanner
bed and viewed the experimental tasks on a screen through a
mirror mounted onto the head coil.

fMRI Data Preprocessing
Image preprocessing was performed using RESTplus (Jia et al.,
2019), which runs with the statistical parametric mapping
software SPM121. Briefly, all images were preprocessed with the
following steps:

I. Conversion of the DICOM data format into NIFTI format
and visual inspection for quality for the convenience of
data processing.

II. Slice timing to correct for differences in the time of
slice acquisition.

III. Head motion correction using six parameters, with the first
volume as a reference slice.

IV. Normalization of all functional images to the Montreal
Neurological Institute (MNI) space via the Rigid Body
deformation fields derived from tissue segmentation of
structural images (resampling voxel size = 3 mm ×

3 mm × 3 mm) for accurate spatial localization
within the brain.

V. Spatial smoothing after normalization to improve the
quality of group-level statistics with an isotropic Gaussian
kernel with a full width at half maximum (FWHM) of
6 mm.

No participants were excluded from further analysis due to
image registration error or large head motion (more than 3.0 mm
of maximal translation in any direction of x, y or z or 3.0◦ of
maximal rotation throughout the course of scanning).

1http://www.fil.ion.ucl.ac.uk/spm
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FIGURE 1 | Basic experimental scheme. We used a block design for the task performed in our fMRI experiment with a randomized task sequence. The steps of the
first-level analysis are presented using the data for one participant as an example, and the BrainNetViewer (https://www.nitrc.org/projects/bnv/) was used to illustrate
the brain activation maps.

fMRI Data Analysis
SPM12 was used in a block design to analyze functional
whole-brain data with the purpose of determining group effects.
The General Linear Model (GLM) was used in the first-level
analysis. First, to observe the activation in each condition, we
used the following design matrix: video task (condition 1) versus
rest period; neutral picture of a desk with a Chinese word for
“watching” (condition 2) versus rest period; neutral picture with
a Chinese word for “swallowing” (condition 3) versus rest period.
Second, whole-brain analysis of the following contrasts of task
conditions was performed: we defined condition 1 as the AO
and condition 3 minus condition 2 as the action execution
(AE). Hence, the analysis revealed the activation patterns of
mirror neurons during AO and the activation patterns of the
swallowing network during AE. In order to detail and check the
activation pattern in each participant, the resultant T-maps were
considered with a threshold of P< 0.001 uncorrected for multiple
comparisons. The first-level analysis is outlined in Figure 1.

In the second-level analysis, the statistical analysis, the beta
weights of two contrasts were statistically compared separately
using one sample t-test, with the age and sex of participants as

covariates. The results were corrected for multiple comparisons
using the false discovery rate (FDR) correction at the voxel-level,
and the significance threshold was set at FDR-corrected P < 0.01
with a minimum cluster size (the number of voxels) of 10 voxels.

RESULTS

AO-Condition 1
As shown in Figure 2 and Table 1, observation of the action-video
of swallowing motion led to activation patterns in the bilateral
middle temporal gyrus (BA37\21), left pre- and postcentral gyrus
(BA6\4), left hippocampus, right inferior frontal gyrus (BA45),
right SMA (BA6), left brainstem, and pons (P < 0.01, FDR
corrected, cluster size > 10 voxels).

AE-Condition 3 Minus Condition 2
As shown in Figure 3 and Table 2, compared with the task
image without action, execution of swallowing movements
activated the brain network in the motor areas (left SMA
[BA6]), bilateral inferior parietal lobule (BA40), left anterior
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FIGURE 2 | T-score map showing activation for AO (hot colors) in transverse slices (P < 0.01, FDR corrected, cluster size > 10 voxels).

cingulate (BA32), vermis of the cerebellum, left middle
frontal gyrus (BA45), left superior frontal gyrus (BA11),
left thalamus, left precuneus (BA7), left cuneus, left middle
temporal gyrus (BA37\21), left inferior temporal gyrus (BA20),
left middle occipital gyrus (BA39), left calcarine (BA18),

TABLE 1 | Brain regions activated by AO.

Regions (AAL) BA Cluster
size

Peak
T-value

MNI coordinate (mm)

X Y Z

AO

Temporal_Mid_R 37 5270 11.7835 51 −57 6

Frontal_Inf_Tri_R 45 325 10.1845 57 36 6

Precentral_R 6 272 9.6466 36 3 45

Supp_Motor_Area_R 6 109 5.5840 9 12 72

Precentral_L 6 688 7.3714 −36 6 45

Hippocampus_L N.A 589 8.8161 −24 −24 −6

Postcentral_L 4 16 4.6161 −63 −9 30

Temporal_Mid_L 21 10 4.2366 −57 −24 −6

Left Brainstem N.A 17 4.7916 −9 −21 −42

Pons N.A 10 4.6971 −18 −33 −39

BA, Brodman’s area; Cluster size, the number of voxels; MNI, Montreal
Neurological Institute; R right, L left; P < 0.01, FDR corrected, cluster size > 10
voxels.

and bilateral caudate (P < 0.01, FDR corrected, cluster
size > 10 voxels).

AO Versus AE
As shown in Figure 4, BA6 and BA21 were activated during both
AO and AE states.

DISCUSSION

In the present study, we examined and compared the patterns
of brain activation in healthy participants as they observed an
action-video and as they actually executed the swallowing motion
using task-based fMRI. We identified the brain regions of BA6
and BA21 as commonly activated during the two sessions and
speculated on the role of AO in swallowing.

AO-Condition 1
During condition 1, observation of the video of the task, the
most critical task of our experiment, we observed activated
of not only similar mirror neurons reported in a prior study
(Cook et al., 2014), but also increased activity of classical
swallowing network. Consistent with the findings in the previous
review (Ferrari et al., 2017), activation of brain regions in the
left pre- and postcentral gyrus (BA6\4), right inferior frontal
gyrus (BA45), and right supplementary motor area (BA6) did
correspond to mouth mirroring in the present study. In our

Frontiers in Neuroscience | www.frontiersin.org 5 August 2020 | Volume 14 | Article 867

https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org/
https://www.frontiersin.org/journals/neuroscience#articles


fnins-14-00867 August 19, 2020 Time: 20:16 # 6

Jing et al. Activation Patterns in Swallowing AO and AE

FIGURE 3 | T-score map showing stronger activation of brain areas with AE (hot colors) in transverse slices (P < 0.01, FDR corrected, cluster size > 10 voxels).

results, the bilateral precentral (BA6) and right SMA (BA6)
were strongly activated when the healthy participants watched
the video of swallowing action, which is consistent with the
findings of a previous MEG study (Ushioda et al., 2012). In
general, the SMA (BA6), located in the superior and middle
frontal gyri, often processes sequential motions, especially those
associated with the beginning of the motions, and the precentral
gyrus (BA6), including the premotor areas and primary motor
cortex, is involved in complex experienced motions. However,
different from the prior MEG study, observation of our action-
video of swallowing led to the activation of many other brain
regions (e.g., BA37, BA45, BA4, and BA21) rather than BA40. In
addition to the intrinsic advantage of fMRI for extracting deep
or multiple BOLD signals, we considered that observation of the
action-video for a daily performance activity may be better than
animation or auditory stimuli for activating the brain regions of
mirror neurons related to swallowing. Specifically, considering
our results in comparison with those of prior studies, due to
the complementary role of the inferior frontal gyrus (BA45)
in swallowing regulation, it is possible that activation of BA45
during our video task is associated with taste and imagery of the
apple in the action-video. In addition, the left brainstem and pons
are associated with voluntary swallowing more than spontaneous
swallowing in humans, which might explain why observation of
the action-video of swallowing proactively stimulated swallowing
among healthy participants (Ertekin, 2011). The hippocampus is
the site in the brain responsible for memory and learning and

may therefore be conducive to evoked memory of swallowing
and play a role in the swallowing process (Downar et al., 2000).
We also hypothesized that the hippocampus receives information
from the action-video, coordinates with the precentral gyrus,
and then relays the neural signals to SMA, and further research
is needed to confirm this hypothesis. More importantly, the
most meaningful finding from this experiment is that activation
of the specific brain regions, including the bilateral middle
temporal gyrus (BA37\21), inferior frontal gyrus (BA45), primary
motor cortex, and SMA (BA6), is consistent with the hypothesis
of Small et al. that the mirror neurons activated by the
action-video of swallowing may promote reorganization of the
cortical motor loop and thereby improve swallowing function
(Small et al., 2012).

AE-Condition 3 Minus Condition 2
In line with the previous studies, our comparison of condition 2
with condition 3, which excluded the visual effects and emotional
reactions, showed that the AE of swallowing activated many
different brain areas related to swallowing. Martin et al. reported
that the SMA (BA6) and anterior cingulate (BA32) are vital for
the control of voluntary swallowing (Martin et al., 2001). As
mentioned above, the SMA (BA6) plays a dynamic role in the
execution of different swallowing tasks and is mainly involved
in comprehensive oral movements. One explanation for the
activation of the anterior cingulate (BA32) is that voluntary
saliva swallowing may rely on attention and concentration.
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TABLE 2 | Brain regions activated more strongly with AE.

Regions (AAL) BA Cluster
size

Peak
T-value

MNI coordinate (mm)

X Y Z

AE

Parietal_Inf_R 40 2728 7.4847 57 −48 42

Caudate_R N.A 17 4.9357 15 21 3

Parietal_Inf_L 40 1995 7.5035 −60 −48 39

Cingulum_Ant_L 32 1829 7.2223 0 36 30

Frontal_Mid_L 45 415 6.6479 −42 45 15

Thalamus_L N.A 293 4.6826 −15 −18 6

Cuneus_L N.A 150 5.2192 −9 −75 36

Supp_Motor_Area_L 6 56 4.8467 −12 12 66

Calcarine_L 18 39 4.2421 −12 −75 9

Caudate_L N.A 32 5.2077 −15 18 0

Occipital_Mid_L 39 27 5.2851 −42 −78 36

Precuneus_L 7 24 4.1871 0 −72 48

Temporal_Mid_L 37 16 4.3757 −60 −57 3

Frontal_Sup_Orb_L 11 13 4.5128 −21 57 −3

Temporal_Mid_L 37 11 4.4436 −60 −57 15

Temporal_Mid_L 21 11 4.1524 −66 −39 −6

Temporal_Inf_L 20 10 5.0509 −54 −18 −30

Vermis_6 N.A 1230 7.8017 0 −60 −24

BA, Brodman’s area; Cluster size, the number of voxels; MNI, Montreal
Neurological Institute; R right, L left; P < 0.01, FDR corrected, cluster size > 10
voxels.

Additionally, Kawai et al. reported that the pre-SMA receives
input signals from the cingulate gyrus and pre-frontal area to
facilitate the performance of a series of swallowing motions
(Kawai et al., 2009). During the execution of swallowing, we
propose that activation of the left superior frontal gyrus (BA11)
and left middle frontal gyrus (BA45), which are associated with
emotion, motivation, and learning-set formation, reflects the
processing of swallowing information and its delivery to the
SMA. The temporal gyrus that was activated in prior experiments
and corresponds to the left middle temporal gyrus (BA37\21)
and left inferior temporal gyrus (BA20) in our experiment, has
been implicated in taste and imagery of food and may play a
supplementary role in the regulation of swallowing and feeding
(Hamdy et al., 1999b; Ertekin and Aydogdu, 2003). However, it
is also possible that the noise produced by the MRI scanner and
the sounds of swallowing by themselves activated the auditory
cortex. Because all participants wore ear plugs, we instead suggest
that the activation of the temporal gyrus may reflect the acoustic
correlates of swallowing. In this study, activation of bilateral
inferior parietal lobules (BA40) located near the insula and
bilateral caudate, which are related to oral movements and
sensation, may be a characteristic of bilateral movements such as
swallowing, as reported by a previous MEG study (Ushioda et al.,
2012). However, while the meta-analysis by Soros et al. observed
activation in the basal ganglia, they also reported involvement
of the putamen but not of the caudate during swallowing, in
contrast with the present findings (Soros et al., 2009). Moreover,
the cluster of precuneus (BA7), cuneus, and calcarine (BA18)

also are likely to play a sensory role in the control of swallowing
(Kober et al., 2019). Activation of the vermis of the cerebellum
and thalamus was shown to contribute to swallowing and to
effective connectivity within the swallowing network in recent
neuroimaging studies (Ushioda et al., 2012; Babaei et al., 2013).
The brain region of the middle occipital gyrus (BA39) is a well-
established component of the visual cortex that processes visual
information. We speculate that, due to the difference in the
Chinese words presented in condition 2 versus condition 3, the
activity in the left middle occipital gyrus (BA39) mainly aims to
distinguish different task instructions. Yet, Hamdy et al. proposed
that the left brain is the dominant side for the swallowing network
(Hamdy et al., 1999a), a conclusion that is not supported by
our findings. Indeed, in our study (Figure 1), large clusters of
activation were observed in the right brain whereas the activated
areas in the left brain were dispersed among a number of
spatially discrete cortical regions. Further research is required to
determine the dominant hemisphere for swallowing.

AO Versus AE
In the present study, both the BA6 and BA21 areas were activated
during both AO and AE. The Ba6 brain area, which includes
the premotor cortex and SMA, is a dominant area for motor
function bilaterally. Undoubtedly, BA6 responds consistently
during AE of swallowing, and this findings is in agreement
with the results of a meta-analysis on swallowing (Soros et al.,
2009). Compared to AE of swallowing, AO of swallowing also
activated BA6, and this might be related to the activation of
mirror neurons in this area. We hypothesize that activation
of BA6 appears is not only motor marker, but also a marker
of the ability of mirror neurons to relay visual information to
the executive control network to achieve goal-directed behaviors
(Zhang et al., 2018). Although the BA21 brain area was also
activated during both AO and AE, the specific anatomical
location of this activation remains unclear (Figure 4). We
hypothesize that BA21 actively focuses on visual processing
during AO (Small et al., 2012), whereas it may participate in
swallowing regulation with taste and imagery of food during AE
(Ertekin and Aydogdu, 2003). The detailed activation pattern
requires further exploration.

Study Limitations and Future Directions
The present study provided a simple comparison of neuronal
correlates between mirror neurons and the swallowing network,
and showed that the left supplementary motor area (BA6)
and left middle temporal gyrus (BA21) may be foundational
to the role of AO in treatment for dysphagia. However,
our results did not reveal the precise neural mechanisms
of the two neuronal networks, and thus, we are planning
future neuroimaging analyses to elucidate these mechanisms.
Furthermore, a limitation of the present study is that we could
not control for head movement during swallowing. Because
swallowing and head movement are highly correlated, we did not
use head motion as a covariate in our statistical analysis to rule
out the effects of the head motion on the current results.

Dysphagia seriously affects the general condition as well
as the quality of life of the patient. Novel treatments to
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FIGURE 4 | T-score map showing the brain areas activated during both AO and AE (hot colors) in transverse slices (P < 0.01, FDR corrected, cluster size > 10
voxels).

repair the injured nerves are urgently needed to improve the
clinical efficacy. Our findings suggest that AO can be applied
to dysphagia directly via impacting the connection of mirror
neurons and swallowing network. Additionally, we can stimulate
BA6 and BA21 to enhance and regulate the swallowing network
and mirror neurons dynamically via non-invasive stimulation,
and then repair the swallowing network by AO. Further studies
in dysphagia patients are warranted to evaluate whether the
action-video of swallowing could be used as a stimulus for
AO in the treatment of dysphagia and to elucidate the neural
mechanisms of AO.

CONCLUSION

Our results preliminarily indicate that AO using an
action-video of swallowing practically activates the mirror
neurons related to swallowing in healthy individuals. We
believe that AO can be used as an effective therapy to
repair the damaged swallowing network for dysphagia.
Particular attention should be paid to two brain regions,
BA6 and BA21, which were commonly activated during
the observation and execution of swallowing, in future
patient studies.
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