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Abstract

We speculate that cortical reactions evoked by swallowing activity may be abnormal in patients
with central infarction with dysphagia. The present study aimed to detect functional imaging
features of cerebral cortex in central dysphagia patients by using blood oxygen level-depen-
dent functional magnetic resonance imaging techniques. The results showed that when normal
controls swallowed, primary motor cortex (BA4), insula (BA13), premotor cortex (BA6/8),
supramarginal gyrus (BA40), and anterior cingulate cortex (BA24/32) were activated, and that
the size of the activated areas were larger in the left hemisphere compared with the right. In re-
current cerebral infarction patients with central dysphagia, BA4, BA13, BA40 and BA6/8 areas
were activated, while the degree of activation in BA24/32 was decreased. Additionally, more
areas were activated, including posterior cingulate cortex (BA23/31), visual association cortex
(BA18/19), primary auditory cortex (BA41) and parahippocampal cortex (BA36). Somatosen-
sory association cortex (BA7) and left cerebellum in patients with recurrent cerebral infarction
with central dysphagia were also activated. Experimental findings suggest that the cerebral cortex
has obvious hemisphere lateralization in response to swallowing, and patients with recurrent
cerebral infarction with central dysphagia show compensatory recombination phenomena of
neurological functions. In rehabilitative treatment, using the favorite food of patients can stimu-
late swallowing through visual, auditory, and other nerve conduction pathways, thus promoting
compensatory recombination of the central cortex functions.
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Introduction

Dysphagia is a common sequela of stroke (Daniels et al.,
1998; Martino et al., 2005) estimated to occur in 37-78%
of stroke cases (Wiles, 1991; Black-Schaffer et al., 1999;
Martino et al., 2000; Meng et al., 2000; Han et al., 2001;
Rogus-Pulia and Robbins, 2013). It can lead to several com-
plications, such as aspiration pneumonia, malnutrition,
and dehydration (Ney et al., 2009; Taylor et al., 2013), and
the mortality rate in patients with swallowing dysfunction
after stroke was significantly higher than in those with no
swallowing dysfunction (Steinhagen et al., 2009). There-
fore, identifying characteristics of central dysfunction and
possible mechanisms of functional reorganization, and for-
mulating effective programs for rehabilitating swallowing
should help improve the effectiveness of dysphagia therapy.
A noninvasive technique such as blood oxygen level-depen-
dent functional magnetic resonance imaging (MRI) could
provide information regarding the location, intensity, and
dynamics of neural activity in swallowing-related brain re-
gions (Hamdy et al., 1999; Martin et al., 2001, 2004; Ertekin
and Aydogdu, 2003; Logemann, 2007). Here, we analyzed
swallowing-related activity and compensatory reorganiza-
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tion in the brains of dysphagia patients with cerebral infarc-
tions in a broad attempt to provide a theoretical basis for
effective swallowing rehabilitation.

Subjects and Methods

Subjects
Ten right-handed patients with cerebral infarction were hos-
pitalized in the Department of Neurology, Kailuan General
Hospital, China from January 2013 to December 2013.
Patients first presented with dysphagia and both sides
of the brain or pons had multiple cerebral infarctions that
were confirmed by MRI (T1- and T2-weighted images). In
10 cases (seven male, three female), one of these infarctions
was confirmed using diffusion weighted imaging as the new
acute infarct and met the inclusion criteria (see below).
Five patients had new lesions on the right (right recurrent
cerebral infarction group) and five had new lesions on the
left (left recurrent cerebral infarction group). The present
study was performed in accordance with the Code of Ethics
of the World Medical Association (Declaration of Helsinki)
for experiments involving humans, and was reviewed and
approved by the Medical Ethics Committee from Affiliated
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Kailuan General Hospital of Hebei United University in Chi-
na. All patients gave their signed informed consent.

Inclusion criteria

No patients had difficulty in swallowing, choking coughs,
hoarseness, or other abnormalities before suffering from
cerebral infarction. All exhibited swallowing dysfunction for
the first time within 1 week after cerebral infarction. Clinical
examination found no signs of disease or peripheral nerve
damage in the mouth, tongue, throat, or other swallow-
ing-motion organs, and patients were ultimately diagnosed
as having central nervous system swallowing dysfunction (Li
et al., 2009). Results from the Kubota water test (Martino
et al., 2005) were between levels 3-5, life signs were stable,
consciousness, spirit, intelligence and verbal expression were
normal, and patients cooperated with the physical examina-
tion. Scores on the anxiety depression scale (Murakami et
al., 2013) were < 7 points. The damage to the nervous system
was evaluated by NIHSS score for every patient (Mann and
Hankey, 2001).

Exclusion criteria

Patients were excluded if their consciousness, spirit, or intel-
ligence were disordered, if they did not cooperate with the
physical examination, if they had a history of head or neck
cancer, local diseases of the throat or esophagus, or esopha-
gus-related dysphagia. Additionally, those with failure in vis-
ceral function or who were in a critical condition were also
excluded. Further, because of the use of MRI, those who had
metal objects, such as pacemakers or coronary stents were
excluded, as were those with atrial fibrillation.

We also included 10 individuals (six male and four female;
aged 53.2 + 14.9 years) in a normal control group. These
participants were recruited from healthy adults who partic-
ipated in a physical examination at Kailuan General Hospi-
tal. All were right-handed and in good health, without any
organic disease. Scores on the anxiety depression scale were
< 7 points, and they had not imbibed any alcoholic bever-
ages within 12 hours of the scan. Patients exhibited no un-
comfortable symptoms or positive neurological signs before
testing.

Blood oxygen level-dependent functional MRI data
acquisition

We used a GE Signa Twin Speed 1.5T MRI system (GE
Healthcare, Wauwatosa, WI, USA) to determine brain re-
gions active during swallowing. After positioning, a TIWI
FSPGR-3D scan that employed a single-shot EPI-temporal
plane gradient echo sequence was used to image the basic
anatomy. Activation of motor-related regions was scanned
with blood oxygen level-dependent functional MRI using a
T2WI gradient echo-pulse sequence. For single-temporal ex-
citation echo-planar imaging, the position was defined par-
allel to the joint line (AC-PC), and the scanning covered 18
layers with the following parameters: single acquisition, time
of repetition = 3,000 ms, time of echo = 60 ms, flip angle =

90°, field of view = 24 cm X 24 cm, thickness = 5 mm, gap =
1.5 mm, frequency encoding direction = R/L.

Using a block design, blood oxygen level-dependent
functional MRI scanning lasted 8 minutes. Subjects first lay
on the examination bed quietly and received instruction
and brief training in the simulation process, and then their
heads were fixed in a birdcage head-coil to minimize the
movement of lips, tongue, and head. Subjects were asked
to bite a plastic 2-mm tube with the middle part of their
lips. A 50-mL syringe was connected to the other end of the
tube, and swallowing blocks began. Each block lasted 30
seconds, with 2 mL of pure room-temperature water being
injected into the tube every 5 seconds. Subjects immedi-
ately swallowed each time water was injected, yielding six
swallows per block. Rest (control) blocks lasting 30 seconds
followed each swallowing block. During the rest block, wa-
ter was not injected into the tube, and participants did not
engage in any swallowing action. Each experiment consisted
of 16 blocks (eight swallowing, eight rest) for a total of 48
swallows (Figure 1).

Functional MRI data processing

SPMS5 (Statistical Parametric Mapping; Wellcome Depart-
ment of Cognitive Neurology, London, UK) software was
used to model brain activity and determine brain regions
associated with swallowing in the two groups of participants.
Convolution of the swallowing time, interval, and hemody-
namic function were used to analyze the whole-brain voxel
signal correlation. The activation volume (represented by
the number of active voxels) and intensity (represented by T
value—higher T value indicated the stronger intensity) were
calculated, MNI coordinate position generated by SPM5 was
converted into standard Talairach coordinates with Brain-
Map GingerALE 2.1.1 software (Research Imaging Institute
of the University of Texas Health Science Center San Anto-
nio, San Antonio, TX, USA). Talairach Client 2.4 software
(Research Imaging Institute of the University of Texas
Health Science Center San Antonio) was used to view spe-
cific anatomical locations. Data from subjects with three-di-
mensional translation of the head greater than 0.5 mm and
three-dimensional rotation greater than 0.5° were discarded.
Two-sample #-tests were used to determine regions of activa-
tion. Statistical probability threshold was set at P < 0.05. The
extent threshold was 10 pixels. Excel 2003 software (Micro-
soft Corporation, Redmond, WA, USA) was used to set up
a database and SPSS 13.0 software (SPSS, Chicago, IL, USA)
was used to analyze the activated region. Activation volume
and intensity of brain areas calculated by SUN workstations
and SPM are expressed as the mean + SD. A non-parametric
rank sum test was used for statistical analysis. Significance
was set at P < 0.05.

Laterality index (LI) was defined as: (left hemisphere ac-
tivation volume — right hemisphere activation volume)/(left
hemisphere activation volume + right hemisphere activation
volume) X 100% (Malandraki et al., 2011b). An LI > 10%
was considered left lateralization and an LI < -10% was con-
sidered right lateralization (Ogura et al., 2012).
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Table 1 Blood oxygen level-dependent functional magnetic resonance imaging results during swallowing for dysphagia patients with acute

recurrent cerebral infarction

Brain region
(BA)

Right recurrent cerebral infarction
group (n=15)

Left recurrent cerebral infarction group
(n=5)

Normal control group (1 = 10)

n

Volume (voxel)

Intensity (¢ score)

=

Volume (voxel)

Intensity (¢ score)

n

Volume (voxel)

Intensity (¢ score)

L BA4 4 1,490.50+459.07" 8.25+1.06 5 870.80+199.12  598+0.58 10 1,188.7+363.54 7,285+1.04
BA6/8 4 313.50+87.74"  6.98+0.88 4 121.50+62.87°  4.95+0.51" 10 176.10+£31.87  6.67+0.75
BAI13 4 313.50%87.74"  6.98+0.88 4 121.50+62.87°  4.95+0.51" 10 176.10+31.87  6.67+0.75
BA24/32 4 122.75+7220°  7.78+1.46 4 168.00+52.325  7.46+0.88" 9 109.56+45.64  8.36+0.55
BA23/31 1 129 8.05 2 116.50+26.16 6.23+0.73 9 43.11+6.13 6.04+1.18
BA40 3 93.67+69.61 5.68+0.73 1 88.00 5.60 0
BA7 3 224.00+214.18" 7.18+1.07 4 252.75%119.24  6.77+0.71 8 111.38+48.75  7.63%1.03
BA18/19 2 352.00+350.73  7.86+1.97 3 181.33+46.54 6.6310.48 0
BA36 1 159 12.20 3 178.33+221.50  6.73+1.54 0
BA22 0 1 45 8.91 0
BA41 1 128.00 6.30 2 104.00+22.63 6.52+0.71 2 92.50+130.82  2.95+4.18
BA38 2 317.50+396.69  5.97 2 54.50+2.12 6.16+0.76 0
BA9 0 1 268 5.63
Cerebellum 0 0 0
Thalamus 1 125.00 6.65 4 112.25+89.91 6.66+1.87 2 124.00+121.62  6.49+1.03

R BA4 0 0 1 58 5.76
BA 6/8 4 624.25+195.28™ 5.92+1.11" 4 1,257.00+346.30" 7.50+1.57 10 892.90+207.70 7.28+0.79
BA13 4 110.50%31.12"  5.41+0.71" 4 405.75%16.94"  7.27+0.80 10 170.40+38.68  6.54+0.74
BA24/32 4 58.50+18.74 6.64+0.75" 4 119.00+50.15 8.21+0.62 9 70.224+9.63 8.03+0.46
BA23/31 1 78 7.12 3 106.00+101.36  6.23+0.73 9 29.67+11.80 5.46+0.53
BA40 3 124.33+64.361  7.61+0.71 1 251.00 6.51 0
BA7 3 234.00+241.57  7.18%+1.07" 3 328.33+21.03 7.98+0.75 8 83.33+14.76 7.64+1.03
BA18/19 1 289.67+269.64  6.58 3 293.67+364.84  6.05+0.49 0
BA36 0 2 145.00+142.84  6.48+2.09 0
BA22 1 112.00 5.67 2 280.00+370.52  7.26+3.40 0
BA41 1 143.00 7.44 2 64.50+30.41 5.98+0.01 1 98 5.28
BA38 0 0 1 68 6.01
BA9 1 26 5.83 2 21+1.41 5.87+0.44 0
Cerebellum 1 197.00 6.62 4 276.25+164.65  8.1242.26 2 90+69.30 6.90+0.58
Thalamus 1 186.00 8.40 1 129.00 7.17 1 45 5.56
Caudatum 1 119.00 6.33 0

*P < 0.05, **P < 0.01, vs. normal control group; #P < 0.05, ##P < 0.01, vs. right. L: Left; R: right; BA: Brodmann area.

Results

Regions activated by independent swallowing

Mean NIHSS scores in the patient group were 4.0 £ 2.5
points (range: 3—10 points) based on the functional MRI
examination. All patients completed all tests successfully.
Both sides of Brodmann’s area (BA) 4, BA40, BA13, BA22
around the sylvian fissure and BA6/8, BA24, BA32, and the
BA38/22/41 region of the superior temporal gyrus and oth-
er regions such as the hypothalamus and parts of the brain
center were activated when control participants engaged in
swallowing tests. Compared with the control group, areas
more active in patients with right recurrence of cerebral
infarction were BA4, BA13, BA40, and BA6/8. Areas with sig-
nificantly reduced activity included bilateral BA24/32. Other
areas with increased activity included bilateral BA23/31,
BA36, right BA9 and BA18/19, and left BA41. Activation of
bilateral BA23/31 in patients with left recurrent cerebral in-
farction was not as obvious as that in patients with recurrent
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acute cerebral infarction, however bilateral BA7, BA18/19,
BA36, left BA41, right BA9, and cerebellum were significant-
ly activated. Blood oxygen level-dependent functional MRI
scanning results are shown in Table 1.

The laterality of brain regions activated by swallowing

When the control group performed swallowing, the overall
extent of activation was greater in the left hemisphere than
in the right hemisphere (LI value: 15.22%, P < 0.05). A more
detailed analysis revealed that activation volumes in left me-
dial frontal gyrus (BA4) and left insula (BA13) were larger
than corresponding regions in the right hemisphere (LI
values: BA4 = 13.49%, BA13 = 19.02%; P < 0.05). Further,
left hemisphere activation volumes in BA40 and BA32 were
obviously larger than those in the right hemisphere (LI val-
ues: BA40 = 10.89%, BA32 = 61.29%; P < 0.01). In contrast,
activation volumes in left BA6/8 and left BA24 were not dif-
ferent from those in the right hemisphere (LI values: BA6/8 =
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2.02%, BA24 = 0.66%; P > 0.05).

Brain related hubs activated by swallowing

In the right cerebral infarction group, activation volumes
of right BA4 and BA6/8 were smaller than those of the
control group (P < 0.01), while those for BA13 and BA40
were not (P> 0.05). Further, while activation volume for left
BA6/8 was greater than that of the control group (P < 0.05),
those for left BA4, BA13, and BA40 were not (P> 0.05).

In the left cerebral infarction group, activation volumes of
left BA4 and BA6/8 were smaller than those of the control
group (P < 0.05), while those for BA13 and BA40 were not
(P > 0.05). Additionally, while activation volumes for right
BA4 and BA6/8 were larger than those of the control group
(P < 0.05), those for right BA13 and BA40 were not (P > 0.05;
Figure 2).

Activation intensity in swallowing

During swallowing, left BA4, BA6/8, BA13, BA40, BA24, and
BA32 of the control group were not more active than corre-
sponding locations in the right hemisphere (P> 0.05; Table 1).

For the right cerebral infarction group, right BA4, BA6/8,
BA13, and BA40 were less active than the corresponding ar-
eas in the control group (P < 0.05). This was not true for left
BA4, BA6/8, BA13, and BA40 (P> 0.05; Table 1).

For the left recurrent cerebral infarction group, left BA4,
BA6/8, and BA13 were less active than the corresponding
areas in the control group (P < 0.05), but left BA40 was not
(P> 0.05). Additionally, activity levels in right BA4, BA6/8,
BA13, and BA40 did not differ between groups (P > 0.05;
Table 1).

Discussion

Studies have shown that the most prominent swallow-related
activation foci correspond to the lateral pericentral and per-
isylvian cortices, anterior cingulate cortex, premotor cortex,
insula/operculum, and supramarginal gyrus (D’Esposito et
al., 2003; Lowell et al., 2008; Malandraki et al., 2010, 2011a;
Peck et al., 2010). However, the compensatory mechanisms
and functional reorganization that occur in dysphagia re-
main unclear clear. Further studies are needed to develop ef-
fective individualized rehabilitation programs for dysphagia.
We found that there was no obvious or opharyngeal sensory
cortex activation during normal swallowing, but premotor,
frontal eye fields (BA6/8), and anterior cingulate (BA24/32)
were activated, along with the lateral fissure oropharyn-
geal area surrounding primary motor cortex (BA4), insula
(BA13), supramarginal gyrus (BA40), and temporal cortex
BA38/22. This evidence indicated that motor planning and
execution (beginning in primary motor cortex) were most
important for autonomous swallowing. These results are
consistent with previously reports (Kern et al., 2001; Gaz-
zaniga et al., 2002; Ettlin et al., 2004; Fukunaga et al., 2005;
Humbert et al., 2011; Babaei et al., 2012; Galovic et al.,
2013). They also suggest that oropharyngeal tactile stimula-
tion was not the main factor that induced swallowing. Phys-
iological needs, smell, and language are all appetite-related

stimuli that might be major factors in initiating independent
swallowing. However, in-depth study on the cortical activity
related to these stimuli must be done to draw definite con-
clusions. The cortical motor areas and supramarginal gyrus
were important for planning swallowing, and oropharyngeal
motor region was the central region responsible for initiat-
ing swallowing (Forman et al., 1995; Lotze et al., 1999; Ko-
misaruk et al., 2002; Satow et al., 2004; Lacourse et al., 2005;
Saad et al., 2006; Szameitat et al., 2007).

However, here we examined patients with central dys-
phagia when it resulted from unilateral recurrent cerebral
infarction at acute stage. We found that regardless of the side
of the infarction, BA4, BA13, BA40, and BA6/8 were still the
main regions of active cortex. In contrast, activation in bi-
lateral cingulate cortex (BA24/32) was significantly reduced,
suggesting that regions necessary for planning and execution
of swallowing were still activated in patients with dysphagia,
but that the region needed for initiating swallowing was
significantly reduced. In patients with acute recurrent right
non-dominant cerebral infarction, we found that bilateral
posterior cingulate cortex (BA23/31) was obviously activat-
ed, and that right parahippocampal cortex (BA36), prefron-
tal cortex (BA9), left occipital cortex (BA18/19), and prima-
ry auditory cortex (BA41) were all activated. This evidence
indicates that brain damage leading to swallowing disorders
resulted in compensatory functional reorganization involv-
ing brain regions that control the initiation of swallowing,
such as cingulate cortex, prefrontal cortex, visual cortex, and
audio cortex. Stimulating patients with their favorite food
through visual and auditory channels might promote func-
tional recovery of swallow initiation. We will conduct further
studies on this phenomenon (Ugurbil et al., 2000; Power et
al., 2007; Babaei et al., 2010; Cola et al., 2010).

In patients with acute recurrent left dominant cerebral
infarction, we found that the activation of bilateral posterior
cingulate cortex (BA23/31) was not as obvious as in those
with acute cerebral infarction in the right hemisphere, but
somatosensory cortex (BA7), occipital cortex (BA18/19), and
the cerebellum were significantly activated. We also found
that bilateral parahippocampal cortex (BA36), left primary
auditory cortex (BA41), and right lateral prefrontal cortex
(BA9) were activated, indicating that BA7, BA18/19, and the
cerebellum played an important role in restructuring com-
pensatory function in the motor initiation of swallowing in
patients with dysphagia. Patients with central swallowing
disorders could do passive swallowing masonic-coordination
training through visual stimulation of food and feeling, and
it is possible to promote the reorganization of cortical func-
tion, thereby accelerating the recovery of swallowing behav-
ior. It is worth observing in our clinical work (Kumar et al.,
2011; Michou et al., 2012; Yang et al., 2012).

Our results showed that in the process of normal swal-
lowing, the extent of cortical activation in the left or right
hemisphere was quite different (depending on the side of the
injury), but that the intensity was not. The extent of activa-
tion in primary oropharyngeal cortex (BA4) was significant-
ly larger than other cortical regions, and was greater in the
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1 min 2 min 3 min 4 min 5 min 6 min 7 min 8 min

e
Control block
Control block
Control block
Control block
Control block
Control block
Control block
Control block

Figure 1 Experimental block design.

Swallowing blocks and control blocks alternated with each lasting 30 seconds. One experiment included 16 blocks. Each of the eight swallowing
blocks resulted in six swallows, while no swallows were recorded in any control block. min: Minute.

Right/left BA4 area Right/left BA6/8 area

Right recurrent cerebral

infarction group

Left recurrent cerebral

infarction group

Control group

Figure 2 Activation during swallowing of primary motor cortex (BA4) and premotor cortex (BA6/8) in the right/left cerebral infarction group
and the control group.

Patients with right cerebral infarctions and swallowing dysfunction exhibited smaller activation volume in right BA4 and right BA6/8 and larger
activation volume in left BA6/8 compared with controls. Activation volume in left BA4 did not differ between these patients and controls. Similarly,
patients with left cerebral infarction and swallowing dysfunction exhibited smaller activation volume in left BA4 and BA6/8 and larger activation
volume in right BA4 and BA6/8. R: Right.

left hemisphere than in the right. Consistent with previous  2007; Price, 2010). Similarly, the size of supramarginal gyrus
reports, this suggested that the size of the activated area was ~ (BA40) activation in the dominant (left) hemisphere was also
normal, and that especially in the dominant hemisphere, it  significantly greater than that in the non-dominant one, while
was an important factor for implementing normal auton-  that of the supplementary motor area was did not differ across
omous swallowing (Regard and Landis, 1997; Jubault et al.,  hemispheres, although it was smaller than what we observed
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for BA4. However, the activation intensity of these regions
was not significantly different. These results further illustrat-
ed that BA40 in both the supramarginal gyrus and premotor
cortex/supplementary motor area were important centers for
planning the movements needed for swallowing. Volume of
activation of the apply center of dominant hemisphere in a
normal state is an important security condition for autonomic
swallowing completed accurately and efficiently.

Meanwhile, we also observed that both swallowing coordi-
nation centers in the posterior lobe of cerebellar cortex were
activated in some adults, resulting in smoother and more co-
ordinated swallowing. When the normal independent swal-
lowing began, the size of primary motor cortex activation in
the left hemisphere was greater than in the right, the total LI
value and activation in the central gyrus, anterior cingulate
cortex, and insula were all greater than 10%. The LI value in
BA6/8 was significantly less than 10% and that in BA40 was
approximately 10%. Therefore, initiation and execution of
independent swallowing was obviously lateralized (Daniels
et al., 2006; Martin et al., 2007; Teismann et al., 2007; Babaei
et al., 2012; Li et al., 2014). Thus, while independent swal-
lowing was regulated by the central gyrus, anterior cingulate
cortex, insula, and supramarginal gyrus in the dominant
hemisphere, it was planned bilaterally.

However, in patients with right recurrent cerebral infarc-
tion, the extent of activation in BA4 and BA6/8 on the same
side of the lesion decreased, while that of BA40 and BA13
areas was significantly different. Additionally, activation vol-
ume in BA6/8 contralateral to the lesion was greater, and that
in BA4, BA40, and BA13 showed no significant differences.
Similarly, in those with left recurrent cerebral infarction,
activation volume in BA4 and BA6/8 ipsilateral to the lesion
were smaller than on the right, and those of BA40 and BA13
showed no significant differences. Further, activation volume
of BA4 and BA6/8 contralateral to the lesion were larger,
and those of BA4, BA40, and BA13 showed no significant
differences. Therefore, when the non-dominant hemisphere
infarction occurred, activation volume of the regions needed
to initiate swallowing (such as BA13) did not differ across
hemispheres, but those of regions needed for planning the
action (such as BA6/8)were reduced on the side of the lesion
and increased on the side opposite the lesion. Activation
volume in BA40 showed no significant difference between
hemispheres, a smaller region of activation in primary motor
cortex (BA4), but no compensatory contralateral increase. In
those with a dominant hemispheric infarction, the volume
of activation for regions needed to initiate swallowing did
not differ across hemispheres, a reduced extent of activation
in BA6/8 on the side of the lesion side, and a compensatory
increase in activation volume contralaterally. However, acti-
vation volume in BA40 was not significantly different activa-
tion volume in the primary motor cortex (BA4) was reduced
on the side of the lesion, and no compensatory contralateral
increase was observed.

Our findings showed that the size of cortical activity was
lateralized when normal swallowing occurred, but that the
activation intensity of both regions related to swallowing

was not. However, activation intensity of the central gyrus,
anterior cingulate cortex, insula, and supramarginal gyrus
has been shown to be an obvious change in dysphagia pa-
tients (Ertelt et al., 2007; Steinhagen et al., 2009; Babaei et al.,
2013). We showed that activation intensity in ipsilateral BA4,
BA6/8, BA40, and BA13 was reduced in patients with right
recurrent cerebral infarction of the non-dominant hemi-
sphere, but the intensity was not obviously different when
contralateral central cortex was activated. The activation
intensity of BA4, BA6/8, and BA13 were reduced, while that
of BA40 was not obviously different when ipsilateral central
cortex was activated. Activation intensity of BA4, BA6/8,
BA13, and BA40 also had no obvious differences when
contralateral central cortex was activated in patients with
left recurrent infarction of the non-dominant hemisphere.
Therefore activation intensity was not obviously different
in ipsilateral swallowing related regions in patients with
dysphagia after acute cerebral infarction, but it decreased in
ipsilateral swallowing centers and was not generally affected
in BA40, a dominant swallowing center.

Pleasant stimulation related to appetite could activate the
swallowing centers, such as the anterior insula and the an-
terior cingulate cortex, and then activate the motor cortex
related to planning and execution of swallowing, such as the
supramarginal gyrus and premotor area. The activation vol-
ume of central cortex is the basis for regular swallowing mo-
tor activity. The central regulation of swallowing has obvious
advantages in dominant hemisphere laterality. In patients
with dysphagia resulting from recurrent acute cerebral in-
farction, while regions dedicated to planning and execution
of swallowing were active, the size of activity was reduced in
regions involved in the initiation of movement, while the in-
tensity in the contralateral swallowing regions had no obvi-
ous change, nor did that in BA40 area of the dominant side.
In our study, non-response bias and investigation bias might
have occurred, and we patiently explained this to patients
to improve compliance with the examination. Therefore,
making individualized rehabilitation programs for dyspha-
gia patients based on the results of this study will promote
compensatory reorganization of cortical centers and further
improve the effect of rehabilitation treatment. Meanwhile,
to fully understand the impact and role of each nerve and
biological function of the body, we need to further research
the characteristics and compensatory reorganization mecha-
nisms of brain function in a variety of sensory dysfunctions
and cognitive impairments. We will expand the sample size
in order to make conclusions that can be used for clinical
rehabilitation treatment.
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