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Abstract

Because the cerebellum plays a role in motor coordination, timing, sequencing, and feedback, it is hypothesized to be involved
in swallowing-related functions. The role of the cerebellum in deglutition has become increasing evident, but the exact nature
of this role remains inconclusive because of limited data from pure cerebellar lesions. Therefore, we conducted location
analysis in isolated cerebellar lesions to complement previous findings and provide additional information. We reviewed
40 stroke patients with isolated cerebellar lesion. Lesion location and volume were measured on brain magnetic resonance
images. We generated statistical maps of lesions related to VDS using voxel-based lesion symptom mapping (VLSM). We
also created an overlay map of subgroups according to VDS score, those who have low risk and those who have high risk.
Patients with cerebellar lesion had difficulty swallowing, both in the oral and pharyngeal phases. Multivariate analysis of
cognitive function was selected as an independent predictor. In the group of high-risk patients, the overlay map showed
some bilateral asymmetry, with a wider distribution in the left hemisphere and involvement of deep cerebellar nuclei. Using
VLSM, we found that lesion location was associated with dysphagia. Although these results were not statistically significant,
they showed a lesion pattern with predominant distribution in the left posterior lobe. Our results suggest that damage to
the posterior lobe of the left cerebellum tends be related to severity of dysphagia in patients with isolated cerebellar lesion.

Keywords Stroke - Deglutition - Lesion mapping - Neuroimaging - Videofluoroscopy - Cerebellum - Dysphagia - Brain
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Introduction Therefore, early diagnosis of and therapy options for dys-

phagia have become increasingly important in medical care

Swallowing is a complex process that involves voluntary and
reflexive motor control (Zald and Pardo 1999). Functional
swallowing requires coordination of many systems and lev-
els, including several cortical and subcortical structures, the
brainstem, five pairs of cranial nerves, and various muscles
of the face and neck. Impairment in any of these organs
can disrupt the normal process of swallowing, leading to
dysphagia (Robbins et al. 1999). Post-stroke dysphagia is
a common problem, and the incidence of swallowing prob-
lems has been associated with increased risk for pulmonary
complications and even mortality (Marik and Kaplan 2003).
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in stroke units or neurorehabilitation facilities (Ickenstein
et al. 2012).

Even though it is well known that cerebral infarction can
induce dysphagia, the regions that impact and cause swal-
lowing problems and the types of brain lesions likely to lead
to specific patterns of dysphagia are unknown. Numerous
studies have discussed the association between brain lesion
and dysphagia (Moon et al. 2012; Robbins et al. 1993; Saito
et al. 2016). Right hemispheric lesions of the pre- and post-
central gyri, opercular region, supramarginal gyrus, and
respective subcortical white matter tracts were related to
dysphagia, with post-central lesions especially associated
with severe swallowing impairment (Suntrup et al. 2015).
However, the effect of lesion location on the pattern of dys-
phagia is unclear.

The cerebellum acts to monitor execution and adjust to
planning motor movement (Brunker and Shah 2001). Given
the suggested role of the cerebellum in motor coordination,
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timing, sequencing, and feedback, a supportive role for the
cerebellum is hypothesized in swallowing-related functions.
Studies in nonhuman primates have provided evidence about
movements associated with swallowing (Mussen 1930;
Berntson et al. 1973; Martner 1975; Lisander and Martner
1975). One previous study reported impacts on eating and
grooming behavior in cats following stimulation of fastigial
nucleus (Berntson et al. 1973), and another study showed
that stimulation of the fastigial nucleus elicited oral behav-
iors critical for grooming and chewing and suggested a role
of the cerebellum in masticatory movements in cats (Martner
1975).

In addition, some studies have assessed the possible role
of the cerebellum in swallowing in human subjects, most
using imaging techniques. Zald and Pardo analyzed regional
cerebral blood flow using positron emission tomography
(PET) in healthy subjects during swallowing and reported
various activation patterns including the left cerebellum,
especially the Crus Ia/VI region (Zald and Pardo 1999).
Suzuki et al. used functional magnetic resonance imaging
(fMRI) to assess volitional saliva swallowing and revealed
that bilateral cerebellar activation was associated with prom-
inent activation of the left cerebellar hemisphere (Suzuki
et al. 2003). Another study proposed a positive role of the
cerebellum in capsule swallowing alone but not in swallow-
ing other bolus consistencies (Shibamoto et al. 2007).

A limited number of studies has been performed to assess
dysphagia in patients with cerebellar lesions, and the results
are inconclusive. Some of the studies reported that cerebellar
lesions were not associated with dysphagia symptoms (Flow-
ers et al. 2011; Moon et al. 2012). The study by Dehaghani
et al. in 116 stroke patients did not find cerebellar damage to
be significantly associated with dysphagia (Dehaghani et al.
2016). More recent studies have not shown any significant
association between cerebellar lesions and dysphagia (Mo
et al. 2018; Fernandez-Pombo et al. 2019). However, other
studies have reported symptoms of dysphagia in cases with
cerebellar lesion (Alberts et al. 1992; Isono et al. 2013).

The role of the cerebellum in deglutition has become
increasing evident, but the data focused on cerebellar lesions
are limited, and the exact nature of this role remains incon-
clusive. Therefore, we performed lesion location analysis in
isolated cerebellar lesion to complement previous findings
and provide additional information. We used the voxel-based
lesion symptom mapping (VLSM) technique to statistically
assess the effect of a lesion on behavioral scores on a voxel-
by-voxel basis. In each voxel within the lesion, a statistical
test was conducted to determine if a difference in behavioral
scores existed between lesioned and non-lesioned groups.
Groups were assigned at each new voxel location based on
the presence of lesion (Bates et al. 2003).

The aim of this study was to investigate the characteristics
and risk factors of dysphagia. These factors were assessed
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with the videofluoroscopic dysphagia scale (VDS) using a
videofluoroscopic swallowing study (VFSS) in patients with
isolated lesion in the cerebellum. We also aimed to define
the lesion location that was associated with dysphagia after
adjusting for other relevant factors using VLSM.

Materials and methods
Subjects

From January 2005 to May 2019, from the total patients
admitted to the department of rehabilitation after stroke, 40
were included in this study. Diagnosis of stroke was limited
to cases of cerebellar infarction or hemorrhage verified by
magnetic resonance imaging (MRI). We included patients
with first-time stroke that was restricted to the cerebellum
and who were undergoing inpatient rehabilitation therapy
at our institution. The inclusion criteria were as follows: (1)
first-ever stroke restricted to the cerebellum, (2) age 18 years
or older, and (3) elapsed time of 3 months or less after stroke
onset. The exclusion criteria were as follows: (1) missing
medical records or brain MRI scans; (2) previous history of
stroke, dementia, or other disease that could cause difficulty
in swallowing; and (3) severe cognitive deficit (Mini-Mental
Status Examination (MMSE) score < 10 points). Ultimately,
a total of 40 patients satisfied the criteria and were included
for analysis; data from these patients were collected retro-
spectively. The study protocol was approved by the institu-
tional review board of our institution, and the requirement
for informed consent was waived due to the retrospective
design of the study.

Methods

Review of medical records: The medical records and VFSS
results of the patients were reviewed retrospectively. Patient
demographic and clinical characteristics were recorded,
including age, sex, brain lesion laterality (left, right, or
bilateral), and duration between onset of stroke and VFSS
(number of days).

Videofluoroscopic swallowing study: Physicians of the
Department of Rehabilitation Medicine conducted the VFSS
according to a modified version of Logemann’s procedure
(Logemann et al. 1977). Briefly, subjects were seated, and
fluoroscopy was performed as the patients swallowed bar-
ium mixed with juice, yogurt, thick gruel, or rice. For juice
and yogurt, two different volumes were used (2 ml or 5 ml,
respectively). Each food type was mixed with undiluted lig-
uid barium to ensure proper bolus observation during the
fluoroscopy procedure.

Interpretation of VFSS: In the oral phase, functions
such as lip sealing, bolus formation, mastication, early
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spillage, oral remnants, and oral transit time of the bolus
were assessed. In the pharyngeal phase, laryngeal eleva-
tion and aspiration or penetration of the respiratory tract
were assessed. We evaluated clinical dysphagia character-
istics and VFSS findings in each patient group. The sever-
ity of dysphagia can be quantitatively evaluated with VDS
using a numerical scale (from O to 100). Lip closure, bolus
formation, mastication, apraxia, tongue-to-palate contact,
premature bolus loss, oral transit time, triggering of phar-
yngeal swallowing, vallecular residue, laryngeal elevation,
pyriform sinus residue, pharyngeal wall coating, pharyn-
geal transit time, and aspiration were evaluated (Kim et al.
2014). The subjects were divided into high- (>47) and
low-risk groups (<47) based on VDS score.

Image analysis: Lesion location was determined first
by visual inspection performed by a single rater. To deter-
mine lesion volume, binary lesion masks were produced
manually by segmenting the lesion area on all consecu-
tive sections that displayed the lesion. All lesions were
mapped using MRIcron software (http://www.mccausland
center.sc.edu/mricro/mricron/) and were drawn manually
on individual fluid-attenuated inversion recovery (FLAIR)
scans by a single researcher. FLAIR hyperintensities
with no corresponding diffusion-restriction, representing
leukoaraiosis or silent old stroke lesions (with no corre-
sponding DWI lesion), were not included in stroke lesion
segmentation. For hemorrhagic lesions, the perilesional
edema was included in the ROI if restriction of diffusion
was present. We conducted a second consensus review
with minor adjustments of lesion margins among research-
ers. FLAIR images were co-registered with the same sub-
ject’s T1 MRI, and the FLAIR lesion maps were normal-
ized to Montreal Neurologic Institute (MNI) spacing using
T1 MRI normalization parameters and statistical paramet-
ric mapping (SPM) 12 (Wellcome Department of Neuro-
science, London, UK; http://www.fil.ion.ucl.ac.uk/spm/
software/spm12/). We adopted the widely used template
MNI-152, designed by adapting the 3D MRI brain scans
of 152 healthy individuals to the Talairach and Tournoux
template (Maintz and Viergever 1998). Normalized lesions
were subjected to statistical mapping analysis using VLSM
algorithms implemented with a statistical non-parametric
mapping (SnPM) toolbox (http://www?2.warwick.ac.uk/
fac/sci/statistics/staff/academic-research/nichols/softw
are/snpm). The VLSM analysis identified clusters of vox-
els with significant #-values comparing voxel-wise sub-
ject clinical measures (VDS) with lesions to those without
lesions. Statistical significance was determined following
permutation correction at p <0.05 FWE correction for
comparisons and controlling for K-MMSE as a nuisance
covariate in the multivariate model. All voxels defining
the lesion (1 voxel =1 mm?®) were counted using MRI-
cron software. Additionally, uncorrected threshold results

associated with the VDS for semisolid food were presented
to show the trending lesion areas.

Statistical analysis

Descriptive statistics were used to present the clinical data.
The patients were divided into two groups according to total
VDS score for semisolid food to investigate the character-
istics. Group allocation was performed according to VDS
score (Han et al. 2008). Han et al. established a cut-off of 47
points, above which most dysphagia patients were not able
to orally ingest food at 6 months after onset of stroke. There-
fore, we divided the subjects into two groups according to
VDS at a cut-off score of 47. The Mann—Whitney U test was
conducted for comparative analysis of the two groups. Multi-
variate logistic regression analysis was performed to analyze
the predictors that affect VDS. The 95% confidence intervals
and equivalent p values were calculated using linear logis-
tic regression analysis. The SPSS statistical package (IBM
SPSS Statistics for Windows, Version 21.0; IBM, Armonk,
NY, USA) was used for all statistical analyses. Statistical
significance was defined as p < 0.05.

Results

Patient general characteristics

General demographic characteristics and clinical variables
of the patients are listed in Table 1. Of the 40 patients, 24

were males, and mean age was 64.02 + 13.21 years. A mean
time duration of 18.9 +6.2 days elapsed until the VFSS.

Table 1 Participant baseline demographic characteristics (N=40)

Characteristics

Age, years 70 (63.5-74)
Gender, n (%)

Male 24 (60%)
Lesion side, n

Right/left/bilateral 15/10/15
Stroke type, n

Ischemic/hemorrhagic 24/16
Lesion volume, cc 23 (19.1-28.9)
Tracheal tube 12 (30%)
Interval between stroke onset and VFSS, days 35 (21-45)
Baseline K-MMSE 16 (12-21)
Baseline FIM 35 (29-52)

Values are presented as median (interquartile ranges)

VFSS videofluoroscopic swallowing study, K-MMSE Korean version
of the Mini-Mental Status Exam, FIM functional independence meas-
ure
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The mean baseline K-MMSE score was 17.71 + 8.45 points.
Characteristics of dysphagia shown in VESS in cerebellar
stroke are shown in Table 2. Both oral phase and pharyngeal
phase problems were observed in patients with cerebellar
lesion.

Predictors of dysphagia

Differences between patients with low risk (VDS <47) and
patients with high risk (VDS > 47) are shown in Table 3.
There were no significant differences in the two groups for
the following variables at baseline: age, sex, lesion side,
lesion volume, and interval between stroke onset and VFSS.
However, insertion of a tracheal tube, K-MMSE, and initial
FIM score differed significantly between the two subgroups.
All significant parameters were adjusted in the multivariate
analysis, as shown in Table 3. The K-MMSE parameter inde-
pendently predisposed patients for dysphagia after stroke in
cases with cerebellar lesion (p=0.002). Patient sex, lesion
laterality, interval between stroke onset and VFSS, tracheal
tube, lesion volume, and initial FIM score were not included
as significant factors in the regression model for high-risk
dysphagia (Table 4).

Lesion location association with dysphagia
in cerebellar lesions using VLSM

The overall distribution of cerebellar damage among
participants is shown in Fig. 1. Based on a design that
included K-MMSE score as an interfering covariate, the
VLSM results revealed no significant area for dysphagia.
Therefore, uncorrected threshold results associated with
dysphagia are presented in Fig. 2 to show the trending
lesion areas. Although these results did not reach statisti-
cal significance, they showed that lesion pattern had a pre-
dominant distribution in the left cerebellar posterior lobe.
We also created an overlay map of subgroups according
to VDS score, those who have low risk (VDS <47) and

Table 2 Characteristics of dysphagia using VFSS in cerebellar stroke

Characteristics Abnormality
Yes (%) No (%)
Oral phase
Bolus formation 27 (68%) 13 (32%)
Mastication 25 (63%) 15 (37%)
Tongue movement 31 (78%) 9 (22%)
Pharyngeal phase
Swallowing delay 28 (65%) 14 (35%)
Vallecular residue 29 (62%) 15 (38%)
Pyriform sinus residue 30 (67%) 13 (33%)
Aspiration 24 (72%) 11 (28%)
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Table 3 Univariate analysis for identification of parameters which
were associated with dysphagia after stroke in patients with cerebellar
lesions

Parameter Low risk High risk p value
(n=19) (n=21)
Age (years) 63 (55-68) 68 (62-72) 0.119
Sex 0.796
Male 11 (57.9%) 13 (61.9%)
Female 8 (42.1%) 8 (38.1%)
Hypertension 11 (57.9%) 9 (42.9%) 0.342
DM 3 (15.8%) 4 (19.0%) 0.787
Tracheal tube 2 (10.5%) 10 (47.6%) 0.011%*
Cerebellar lesion 0.338
side
Right 9 (47.4%) 6 (28.6%)
Left 3 (15.8%) 7 (33.3%)
Both 7 (36.8%) 8 (38.1%)
Lesion volume 21.2 (18.8-24.2) 25.5(20.5-28.9) 0.298
K-MMSE 23 (16-26) 13 (9-16) 0.0001%*
Initial FIM score 59.7 (33.1-65.4) 34.5(27.8-45.3) 0.0001%*%*
VESS time from the 37 (31-39) 35 (28-40) 0.752

onset

Values are median (interquartile range) or number (%)

DM diabetes mellitus, K-MMSE, Korean version of the Mini-Mental
Status Examination, FIM, functional independence measure, VFSS
videofluoroscopic swallowing study

#p<0.05, **p<0.01

those who have high risk (VDS > 47). To characterize the
lesions from subgroups according to VDS, a lesion overlay
map was created (Fig. 3). There were some disparities in
the summed lesion maps of the two groups. The lesion
map was wider in the high-risk group of patients. In the
group of high-risk patients, the overlay map showed some
bilateral asymmetry, with a wider distribution in the left
hemisphere and involvement of deep cerebellar nuclei.

Table 4 Multivariate logistic regression model for prediction of high
risk for dysphagia after cerebellar stroke

OR 95% C1 p value
Tracheal tube 1.040 0.121-8.935 0.972
K-MMSE 1.329 1.115-1.584 0.002*
Initial FIM score 0.970 0.892-1.054 0.467

K-MMSE Korean version of the Mini-Mental Status Examination,
FIM functional independence measure

£p<0.05, *p <0.01
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Fig. 1 Lesion overlay map of 40 patients. A lesion overlay map of 40 ispheres. Numbers are the z-coordinates of the MNI space, with the
patients showing bilateral coverage of most of the cerebellar hemi- patient’s left hemisphere on the right side of the figure. MNI Montreal
spheres. The lesions appear to be more widely distributed in left hem- Neurologic Institute

Fig.2 Lesion patterns associated with VDS. Voxel-based lesion color-coded, ranging from red to yellow. Numbers are z-coordinates
symptom mapping analysis shows the relationship between continu- of the MNI space, with the patient’s left hemisphere on the right side
ous VDS score for semisolid and brain lesions (uncorrected p value). of the figure. VDS videofluoroscopic dysphagia scale, MNI Montreal
The results controlling K-MMSE score as nuisance covariates are Neurologic Institute
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Fig.3 Lesion overlay map for characterization of lesions from sub-
groups according to VDS. A Lesion overlay map of patients with
high risk (VDS >47). B Lesion overlay map of patients with low risk
(VDS <47). The lesion overlay map of the high-risk group was dis-
tributed in the bilateral lobe and showed a tendency to involve deep

Discussion

This study demonstrates that patients with cerebellar lesion
had difficulty swallowing, both in the oral and pharyngeal
phases. The cerebellum acts to monitor motor execution,
effectively compare intended body movement with actual
behavior, and to make adjustments to the motor plan accord-
ingly (Brunker and Shah 2001). The cerebellum has long
been known to be involved in movement. Although move-
ments are initiated in the cerebral cortex, the cerebellum
plays a key role in ensuring muscular activity is accurate,
smooth, and coordinated (Roostaei et al. 2014). Given this
function of the cerebellum, swallowing problems can occur
in both the oral and pharyngeal phases when cerebellar
lesions are present. Impaired coordination of oral muscles
can cause problems in mastication and bolus formation,
which can cause delays in the oral phase or drooling and
difficulties with controlling food in the mouth. A previously
reported nonhuman primate study suggested that mus-
cle contraction of the oral cavity was triggered when the
ventral parts of the vermis were triggered (Mussen 1930).
Additionally, stimulation of the fastigial nucleus elicited oral
behaviors critical for chewing, which suggested a role of
the cerebellum in mastication in cats (Martner 1975). There
can be challenges for synchronization of the pharyngeal
muscles during swallowing because of poor coordination,
tremor, or erratic contraction, which can lead to penetration
or aspiration.

Also, diseases that affect the cerebellum have been dem-
onstrated to cause dysphagia. This is likely due to disrup-
tion of the motor modulatory influence of the cerebellum
on cerebral motor cortical areas. Chronic neurodegenerative
conditions such as cerebellar ataxia, multiple system atrophy
(MSA), and multiple sclerosis (MS) have been shown to be
associated strongly with dysphagia (Almotairi et al. 2018;
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nuclei of the cerebellum, and the lesion overlay map of the low-risk
group was distributed mainly in the right lobe rather than the left
lobe. Numbers are the z-coordinates of the MNI space, with the
patient’s left hemisphere on the right side of the figure. VDS vide-
ofluoroscopic dysphagia scale, MNI Montreal Neurologic Institute

Lee et al. 2018; Sulena et al. 2017). Dysphagia is a frequent
finding in patients with posterior fossa tumor and has been
reported in a few patients with cerebellar involvement (Lapa
et al. 2020).

A previous study examined the effect of TMS (transcra-
nial magnetic stimulation) of the cerebellum on pharyngeal
constrictor muscles; the study indicated that the cerebellum
can act to intensify or modulate cortical firing for swallow-
ing (Jayasekeran et al. 2011). A recent study suggested that
bilateral cerebellar rTMS (repetitive transcranial magnetic
stimulation) facilitates corticobulbar pathways to the phar-
ynx in healthy adults (Sasegbon et al. 2020). All these afore-
mentioned studies showed that the cerebellum has a role in
swallowing both in oral and pharyngeal phases. Likewise,
the results of our study indicated that patients with cerebel-
lar lesions showed effects in swallowing phases, both oral
and pharyngeal.

In this study, two groups were formed according to VDS,
and the results were statistically different based on presence
of tracheal tube and cognitive function. There was a differ-
ence in FIM between the two groups. This result might be
attributable to patient severity. However, when multivariate
analysis was performed with factors that were significant in
univariate analysis, cognitive function was an independent
predictor. In patients with decreased cognition, oral phase
delay is common, and there can be difficulties in follow-
ing instruction during the examination, which can affect the
outcome. Based on our observations, a cerebellar cognitive
affective disorder is another possibility. Because the cerebel-
lum is involved in not only motor, but also cognition and
mood, if there is an injury to the cerebellum, cognitive dys-
function can appear in the patient and can affect dysphagia.
In 1998, Schmahmann and Sherman introduced cerebellar
cognitive affective syndrome (CCAS), which was char-
acterized by disturbances of executive function, impaired
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visuospatial cognition, personality change, and linguistic
difficulties that resulted in a general decline in intellectual
functioning (Schmahmann and Sherman 1998). Compared
to controls, cerebellar patients perform significantly worse
at processing speed, executive functions, memory, language,
and visuospatial functions (Nazarahari et al. 2019). All these
components could affect the voluntary process of swallow-
ing. There was a possibility that the symptoms could be
associated with apraxia. Accumulating evidence from recent
anatomo-clinical studies of patients with neurodevelopmen-
tal and acquired neurological disorders affecting the cerebel-
lum indicate that the cerebrocerebellar network is directly
implicated in the pathophysiology of forms of apraxia
such as apraxia of speech, apraxic agraphia, constructional
apraxia, drawing apraxia, and mastication dyspraxia (Marien
et al. 2015). We used K-MMSE for cognitive evaluation in
this study, however, previous study reported that the patients
with cerebellar injury performed within the published nor-
mal ranges on both the MMSE and the MoCA. This can be
explained by the fact that MMSE and MoCA contain many
test items that are insensitive to cognitive functions that are
compromised in cerebellar patients (Hoche et al. 2018).
Therefore, the use of MMSE to evaluate cognitive function
in this study might not have sufficiently detected the deficits
associated with CCAS, which is a limitation of this study.

Another possibility is combined presence of hypertrophic
olivary degeneration (HOD). HOD presents on MRI with
abnormal T2 hyperintense signal in the inferior olive that
can be accompanied by abnormal hypertrophy of the olive
(Hirano et al. 2015). Lesions involving the Guillain—Mol-
laret triangle linking the dentate nucleus, red nucleus, and
inferior olivary nucleus have been associated with palatal
tremor and might be associated with dysphagia. HOD is not
unlikely to occur after cerebellar stroke lesions and can lead
to palatal tremor with dysphagia (Lee et al. 2021). Unfortu-
nately, we could not evaluate the presence of palatal tremor
in a clinical exam due to the retrospective study design;
however, such tremor might contribute to development of
dysphagia.

Our secondary goal was to investigate whether lesion
anatomy predicts dysphagia in isolated cerebellar lesions
after adjusting for other related factors using neuroimag-
ing analysis. In the overlay map, the lesions appeared to be
more widely distributed in the left hemisphere even though
there were fewer patients with left sided cerebellar stroke. A
large proportion (37.5%) of the patients had bilateral lesions.
Therefore, it is difficult to directly compare the volume of
the right and left lesions. The median volumes of the right,
left, and bilateral lesion groups were 22, 18, and 26, respec-
tively. It is possible that the group with bilateral lesions
showed a more widely biased lesion pattern to the left. The
lesion map was wider in the high-risk group of patients.
In the group of high-risk patients, the overlay map showed

some bilateral asymmetry, with a wider distribution in the
left hemisphere, and showed involvement of deep cerebellar
nuclei. The cerebellar deep nuclei have been identified to
have harmful effects on complex functional cerebrocerebel-
lar connectivity and cerebello-thalamo-cortical networks if
damaged. The cerebellar cortex projects to the deep cerebel-
lar nuclei that mediate all output from the cerebellum. The
largest of these nuclei, the dentate, is a target of powerful
convergence from the lateral cerebellar hemispheres. Most
of the output from the dentate nucleus ascends back to the
cerebral cortex (Sokolov et al. 2017).

Suzuki et al. reported bilateral activations in the sensori-
motor cortex, thalamus, putamen, and globus pallidus during
dry swallowing. Insular activation was reported to be more
prominent in the right hemisphere, whereas cerebellar acti-
vation was more prominent in the left (Suzuki et al. 2003).
In terms of motor learning functions, it has been reported
that the left cerebellum is more strongly activated in uni-
manual movements (Matsumura et al. 2004). The hypothesis
that the left cerebellum dominates in motor skill learning
is supported by a structural comparison of musicians and
non-musicians using voxel-based morphometry that showed
a greater volume of gray matter in the left cerebellum of pia-
nists (Gaser and Schlaug 2003). Like motor learning func-
tions, cognitive spatial operations are left-lateralized, while
linguistic skill is correlated with the right cerebellum (Hu
et al. 2008; Berl et al. 2014). Although lateralization of the
cerebellum related to swallowing has not been elucidated, it
is thought that the same will be the case with swallowing as
there is functional lateralization for other functions.

We performed VLSM analysis on the VDS score after
adjusting for degree of cognitive impairment as identified by
regression analysis. In the VLSM results with FEW (family-
wise error correction), no brain area was significantly corre-
lated with VDS score. Although they did not reach statistical
significance, the VLSM results for VDS (with uncorrected
thresholds) showed a lesion pattern mainly distributed in
the left posterior region in the cerebellum. Knowing which
voxels have a substantially lower association with the experi-
mental variable could provide valuable information repre-
senting statistical evidence of effect size in different parts
of the map (Jernigan et al. 2003). Few investigations have
reported dysphagia in individuals with cerebellar lesions,
and the results regarding potential patterns of dysphagia are
inconclusive. Some case studies have focused on patients
with cerebellar lesion presenting with dysphagia (Min et al.
1999; Zuketto and van Gijn 2002; Massey et al. 1984; Naga-
hiro et al. 1993). The damage in the cerebellum comprised
infarctions in the proximal segment of the vertebral artery,
an area VI lesion with tandem intracranial occlusive dis-
ease, and lesions to anterior and posterior inferior cerebellar
arteries. In our study, the lesion pattern was distributed pre-
dominantly in the left cerebellar posterior lobe. According to
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previous studies on involvement of the cerebellum in normal
swallowing, the crus Ia/VI lobule region of the left hemi-
sphere, superior portions of both cerebellar hemispheres,
and the bilateral posterior part of the cerebellum were dis-
cussed and thought to be correlated with swallowing func-
tion (Zald and Pardo 1999; Suzuki et al. 2003; Malandraki
et al. 2009; Grabski et al. 2012). In a previous cerebellar
lesion analysis, damage to the left cerebellar hemisphere
was significantly correlated with post-stroke depression,
which can indicate laterality of depression-related cerebellar
function (Kim et al. 2017). The result of the previous study
could have associations with the results of our study. Dys-
phagia has been reported to occur frequently in depressed
patients with cerebrovascular incident (Saxena et al. 2008).
Depressed stroke patients can be at risk for dysphagia as the
result of reduced motivation and concentration. Conversely,
people with dysphagia can become depressed because they
cannot eat as desired. The role of the cerebellum in emo-
tional control is neuroanatomically based on connections
between the cerebellum and non-motor cortical and sub-
cortical areas, which have been documented by functional
neuroimaging studies (Rapoport et al. 2000).

There are some limitations to our study including the
retrospective study design and relatively small sample size.
However, although imaging was assessed retrospectively,
videofluoroscopic swallowing evaluations were performed
according to a standard method. Moreover, clinical data are
routinely collected in patient admission records. The major
drawback of this study is the lack of flexible endoscopic
evaluation of swallowing (FEES) data, which would provide
more insight into swallowing problems.

We used K-MMSE, which is a simple screening tool
for cognitive impairment. Therefore, we could not analyze
the various domains of cognitive function, i.e., attention,
memory, and executive functions. Finally, we could not
assess subject depression, which could accompany cerebel-
lar lesion and influence the results of VFSS, especially in the
oral phase. Thus, further studies with a prospective design
are needed to collect serial long-term follow-up data that
allow analysis of critical predictive factors of dysphagia in
isolated cerebellar lesion.

Conclusion

Our results suggest that damage to the posterior lobe of the
left cerebellum tends to be related to severity of dysphagia
in patients with isolated cerebellar lesion.
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