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Neuroanatomical Predictors of Dysphagia after Stroke:
Voxel-Based Lesion Symptom Mapping Study
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Objective: Dysphagia is a common consequence of stroke with a negative effect on the clinical outcome. Given these
potential outcomes, it is important to identify the precursors to dysphagia after stroke. The aims of this study were
to identify lesions associated with dysphagia after an ischemic supratentorial stroke using voxel-based lesion symptom mapping (VLSM) and compare the difference in the lesion pattern between the oral and pharyngeal phase
dysphagia.
Methods: Stroke patients who met the following inclusion criteria were screened retrospectively between January
2012 and November 2014: a first-ever stroke, supratentorial lesion and who underwent brain MRI and functional
dysphagia scale (FDS) from videofluoroscopic swallowing study (VFSS). Finally, the MRI data of 83 patients were
analyzed. Statistical maps of the lesion contribution related to dysphagia were generated using VLSM.
Results: VLSM showed that FDS was associated with damage to the putamen, caudate, insula, frontal precentral gyrus, and inferior frontal gyrus. The lesions were distributed more widely in the left than right hemisphere. Lesions
correlated with the FDS oral score were distributed mainly in the frontal lobe and insula. Otherwise, the associated
lesion with the FDS pharyngeal score was mainly the basal ganglia.
Conclusion: In these results, lesions that correlated with dysphagia were distributed more widely in the left hemisphere, reflecting the possibility of lateralization of the swallowing function. Oral phase dysphagia was associated
with left frontal lobe and insula; the lesion correlated with the cognitive function or apraxia. On the other hand, VLSM
revealed the lesions associated with pharyngeal dysphagia to be the basal ganglia, which is a structure that plays a
role in the automatic motor control network. (JKDS 2019;9:68-76)
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subcortical white matter tract, and infratentorium.
1
Damage at any levels could cause dysphagia . Poststroke dysphagia is a very common problem and the
presence of dysphagia has been associated with an
increased risk for pulmonary complications and even

INTRODUCTION
Deglutition is a complex process of sensation and
movement controlled by the brain. It involves multiple nervous systems including the cerebral cortex,

Received: February 18 2019, Revised: February 18 2019,
Accepted: March 21 2019
Corresponding author: Sung-Bom Pyun, Department of Physical Medicine and
Rehabilitation, Korea University College of Medicine, 73 Inchon-ro,
Seongbuk-Gu, Seoul 02841, Korea
Tel: +82-2-920-6480, Fax: +82-2-929-9951
E-mail: rmpyun@korea.ac.kr

68

Copyrights ⓒ The Korean Dysphagia Society,
2019.

69

Sung-Bom Pyun, et al.：VLSM Study in Dysphagia after Stroke

2,3

mortality . Given these potential compromises, it is
important to identify the precursors to dysphagia after
stroke. Predicting the increased risk of dysphagia
following brain lesions might increase our understanding of the causes of poststroke dysphagia, leading to
improved management and better treatments for stroke
survivors.
Even though it is an established fact that cerebral
cortical infarction can cause dysphagia, it is still controversial which of the two hemispheres has a more
important role, and which brain lesion is likely to lead
to specific patterns of dysphagia. Traditionally, there
were many studies for identification of specific neuroanatomical areas that may produce specific patterns
of swallowing dysfunction. Robbins et al. reported
increased disturbances in lingual coordination in patients with left hemispheric damage and suggested
that the oral phase of swallowing is predominant
4
function of left hemisphere . However, another study
5
failed to show laterality by lesion location . Previously, brain stem lesions were considered to be a
6,7
cause of dysphagia . However, an association between
cerebral cortical lesions and the development of
8-10
dysphagia has been suggested . These reported that
some critical areas such as the primary motor cortex,
supplementary motor cortex, and anterior cingulate
gyrus plays an important role in swallowing function.
Recent lesion-based studies reported that neuroanatomical regions associated with dysphagia following
11
stroke. These areas include the frontal cortex , inter12,13
11,14
15
nal capsule , insula , periventricular white matter ,
5
6,16
17-21
thalamus , pons , and medulla .
One study reported that the incidence of aspiration
was correlated with medullary infarction, however,
other swallowing parameters, especially oral phase
22
dysphagia, were not related to lesion topology .
7
Steinhagen et al. reported that buccofacial apraxia
was predicted by left-sided parietotemporal infarction,
23
and Daniels et al. suggested the lingual discoordination during swallowing occurred commonly in
patients with the periventricular white matter lesion.
However, there were few study about the dysphagia
according to different phase, ie. oral, pharyngeal, and

esophageal phase. Furthermore, many previous studies
used the bedside screening or informal clinical assessment or videofluoroscopic findings restricted to measures of laryngeal penetration or aspiration. Considering these gaps and limitations in the previous literature, we thought that lesion-symptom mapping with
comprehensive assessment of all phase of dysphagia
was needed.
Voxel-based lesion symptom mapping (VLSM) is a
24
new lesion symptom analysis technique , and provides
information on the association between lesion locations in the brain and patient behavior. VLSM is
able to statistically assess the lesion’s effect on behavioral scores on a voxel-by-voxel basis. In each lesioned voxel, a statistical test is conducted to determine if a difference in behavioral scores exists between the lesioned and non-lesioned groups. The
groups are assigned at each new voxel location based
on the presence of the lesion. A t-test produces a
statistical map overlaid on the lesioned voxels. This
voxel-by-voxel analysis produces high-resolution statis3
tical maps (1 mm ) rather than large regions of interest or lesion categories as seen in prior lesion
25
studies . Furthermore, this VLSM method can be used
to predict outcomes after stroke, such as language
26
recovery . This new method of analysis avoids many
of the limitations affecting previous studies and can
specifically identify the anatomical structures essential
for swallowing function following stroke.
The aim of this study was to identify associated lesions with dysphagia after ischemic stroke with supratentorial damage using voxel-based lesion symptom
mapping (VLSM) and compare the difference of lesion
pattern between oral and pharyngeal phase dysphagia.

MATERIAL AND METHODS
1. Subjects and functional measures
Stroke patients were screened retrospectively from
inpatient medical records of the Department of Physical Medicine and Rehabilitation, between January
2012 and November 2014. Patients were included according to the following criteria: 1) had first-ever
JKDS Vol. 9, No. 2, 2019
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ischemic stroke with objective lesions observable via
brain magnetic resonance imaging (MRI), 2) underwent videofluoroscopic swallowing study (VFSS) in 3
months after stroke, 3) had no prior cognitive or
psychiatric illness. Patients with hemorrhagic stroke
and infratentorial lesions were excluded. A total of 83
stroke patients (44 male, 39 female) were finally included in this study. The study protocol was approved by the institutional review board of our institution (2015AN0204).
We collected data from medical records pertaining
to functional measures. This included demographic
and neurologic characteristics (age, sex, interval between stroke onset and VFSS, lesion side), information about dysphagia including current feeding
status, clinical aspiration sign were collected. Recorded videos of VFSS were reviewed by experienced
single researcher, and functional dysphagia scale
(FDS) and penetration-aspiration scale were determined after reviewing the entire swallowing action
several times using frame by frame.
FDS is a 100-point scale for evaluating oropha27
ryngeal dysphagia . It consists of 11 oral and pharyngeal phase parameters and can produce numerical
data on the swallowing function of stoke patients
through the use of comprehensive VFSS findings. For
the oral phase, the examiner assessed lip closure,
bolus formation, and residue in oral cavity. Oral
transit time was also measured and classified as 2
levels: ≤1.5 s, ＞1.5 s. In the pharyngeal phase, triggering of pharyngeal swallow, laryngeal elevation and
epiglottic closure, nasal penetration, residue in valleculae, residue in pyriform sinus, coating of pharyngeal wall after swallow, pharyngeal transit time
were checked. The amount of nasal penetration, residue in valleculae and pyriform sinus were classified
into 4 levels: none, ≤10%, 10-50%, ≥50%.
2. Lesion identification and VLSM processing
Lesion analysis was based on all 83 patients who
had an MRI scan suitable for lesion mapping. All
lesions were mapped using MRIcron software (http://
www.mccauslandcenter.sc.edu/mricro/mricron/) and
JKDS Vol. 9, No. 2, 2019
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were drawn manually on patients’ individual fluid
attenuation inversion recovery (FLAIR) scans by a
single researcher. After coregistration and normalization using statistical parametric mapping (SPM) 8
(Wellcome Department of Neuroscience, London, UK;
http://www.fil.ion.ucl.ac.uk/spm/software/spm8/),
normalized lesions were subjected to statistical mapping analysis using VLSM algorithms implemented
with statistical non-parametric mapping (SnPM) toolbox
(http://www2.warwick.ac.uk/fac/sci/statistics/staff/
academic-research/nichols/software/snpm). All individual
subject lesion maps were created as binary maps. An
overlap map was then generated by summing all of
the maps to identify common regions in the stroke
subject population. The overlap map was drawn in
the same space as the VLSM map, allowing a direct
comparison to be made.
Simple comparisons on the continuous FDS oral
and pharyngeal scores were performed on a voxelby-voxel basis to compare performance in patients
with and without a lesion in each voxel. The results
of t-tests were then color-coded and mapped on the
Montreal Neurologic Institute (MNI) template brain.
The resulting statistical measure was used to create a
separate map based on each variable.
Color-coded lesions on the MNI template brain were
labeled according to anatomical region and Broadmann
area, using the xjView 8 toolbox (http://www.alivelearn.
net/xjview8/) in SPM 8 software.

RESULTS
1. Clinical feature and examination of dysphagia
Characteristics of the 83 subjects are shown in
Table 1. Overall, mean age was 70.1±11.6 years. Time
between stroke onset and evaluation was 21±18 days.
Among 83 patients, 41 (49%) had a right hemispheric
stroke, 36 (43%) had a left hemispheric stroke, and
6 (7%) had bilateral lesion. Patients’ current feeding
status were as follows; nasogastric tube 31, dysphagia
diet 12, soft diet 9, and regular diet 31. Patients who
had clinical aspiration sign were 37 (45%).
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Table 1. Descriptive statistics and behavioral data of 83 patients.
Characteristics

Values

Age (years)
Gender (male/female)
Lesion side (right/left/bilateral)
Time interval between onset and evaluation (days)
Feeding status
Nasogastric tube
Soft diet
Dysphagia diet
Regular diet
Clinical aspiration sign (+)
FDS oral score
FDS pharyngeal score
FDS total score
K-MMSE
K-MBI

70.1±11.6
44/39
41/36/6
21±18
31
9
12
31
37
3.1±4.8
16.7±12.8
19.8±14.9
15±10
29±27

Values are presented as either mean (±SD) or number of subjects.
FDS: functional dysphagia scale, K-MMSE: Korean version of
mini-mental status exam, K-MBI: Korean version of modified
Barthel index.

2. Lesion overlay map
To characterize the lesions from this stroke population, a lesion overlay map was created.(Fig. 1) The
lesion overlay map shows bilateral coverage of most
of the hemispheres. The region identified using VLSM
(Fig. 2 and 3) does not correspond to the peak level
of overlap. The disparity between these two maps
may indicate that the overlap mapping method is not
an appropriate technique for finding the associated
lesion with dysphagia after stroke.
3. VLSM results
Fig. 2 and 3 demonstrates the region that corresponds to FDS oral and pharyngeal score following
stroke. The result of VLSM shows positive correlation
between damaged brain lesions and FDS oral and
pharyngeal score. Color bar represents −log10 (uncorrected non-parametric P-values). Uncorrected results associated with the FDS oral and pharyngeal

Fig. 1. Lesion overlay map of 83 patients. Lesion overlay map of 83 patients, showing coverage of most of the bilateral hemispheres. Lesions appear to be more widely distributed in left hemispheres. Numbers refer to z-coordinates of the MNI space, with
the patient’s left hemisphere on the left side of the figure. MNI: Montreal neurologic institute.
JKDS Vol. 9, No. 2, 2019
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Fig. 2. Correlation between lesion images and FDS oral score. The result of VLSM shows positive correlation between damaged
brain lesions and FDS oral score. Color bar represents −log10 (uncorrected non-parametric P-values). Numbers refer to z-coordinates of the MNI space, with the patient’s left hemisphere on the left side of the figure. FDS: functional dysphagia scale, VLSM:
voxel-based lesion-symptom mapping, MNI: Montreal neurologic institute.

score was presented to show which lesioned areas
were trending. Although these results did not reach
statistical significance, knowing which voxels have a
substantially lower association with the experimental
variable could provide valuable information, since it
would represent statistical evidence for different effect
28
sizes in different parts of the map . Lesions correlated
with FDS oral score were mainly distributed in the
frontal lobe (medial and inferior frontal gyrus), precentral gyrus (frontal), postcentral gyrus (parietal),
caudate, anterior cingulate and insula. Otherwise, associated lesion with FDS pharyngeal score were
mainly basal ganglia (lentiform nucleus, putamen, caudate), insula, inferior frontal gyrus, postcentral gyrus
(parietal), and parahippocampal gyrus.

DISCUSSION
Our investigation revealed two main findings in
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supratentorial ischemic stroke patients: (1) The lesion
associated with dysphagia were predominantly distributed in left hemisphere than right. (2) There were
some different lesion patterns according to different
phase of swallowing problems. Lesions correlated
with oral phase dysphagia were mainly distributed in
the left frontal lobe (medial and inferior frontal gyrus),
anterior cingulate, pericentral gyrus and insula. Otherwise, associated lesions with pharyngeal phase swallowing problems were mainly basal ganglia, insula,
and parahippocampal gyrus.
The new aspect of this comprehensive imaging study
is the use of the quantitative and objective swallowing
parameter in VFSS and the focus on the different
lesion pattern of each swallowing phase in patients
with supratentorial ischemic stroke. This provided us
the opportunity for a comparative behavior-lesion mapping study to elucidate the swallowing-related brain
region associated with different phase of swallowing,
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Fig. 3. Correlation between lesion images and FDS pharyngeal score. The result of VLSM shows positive correlation between
damaged brain lesions and FDS pharyngeal score. Color bar represents −log10 (uncorrected non-parametric P-values). Numbers refer to z-coordinates of the MNI space, with the patient’s left hemisphere on the left side of the figure. FDS: functional dysphagia
scale, VLSM: voxel-based lesion-symptom mapping, MNI: Montreal neurologic institute.

ie. oral and pharyngeal phase.
Our first finding, lesion distributed predominantly
in left hemisphere, suggested the laterality of swallowing function. Some investigations found that swallowing behavior may be lateralized to the left or right
29,30
hemispheres . Functional imaging studies have been
used investigate swallowing laterality. While most
studies reported some degree of lateralization, it was
9,31,32
. Hamdy et al. revaried in regard to hemisphere
ported that muscle groups involved in swallowing are
represented bilaterally, but asymmetrically in the hu33
man motor and premotor cortex areas . And some
studies using functional brain imaging have also observed asymmetry in the swallowing cortex, and the
left hemisphere involvement has been more frequently
31,34-36
. Results were inconclusive as to whether
reported
swallowing is lateralized. The conflicting results may
be because of difference of time post-onset, lack of
control of handedness, type of neuroimaging method,

and assessment tool for dysphagia. In present study,
predominant left hemispheric lesions were observed,
especially in left frontal cortex, basal ganglia, insula,
pericentral gyrus (motor and sensory cortex). In fact,
our participants have nearly equal distribution in both
hemisphere (right 41, left 36, bilateral 6). Despite the
overlay map of 83 patients showed more frequently
damaged voxels in left hemisphere than right, it might
have the clinical significance that the statistical map
correlated with both FDS oral and pharyngeal score
showed the deviation in left hemisphere. The exact
mechanism of the functional asymmetry of swallowing
remained unclear. The possible explanation is left
frontal cortex may be the region somewhat associated
with praxis. Swallowing tasks require some motor
planning and preparation of swallowing. Stoke involving
left hemisphere can give rise to apraxia of speech,
further implicating this region in oral movement re37
gulation .
JKDS Vol. 9, No. 2, 2019
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Additionally, we attempted to find out the different
lesion pattern correlated with each different swallowing phase in patients with supratentorial ischemic
stroke. VLSM results showed some difference between two lesion maps.
Swallowing is a dynamic, complex sensorimotor
process which can be initiated volitionally via the
cerebral cortex and controlled by the central nervous
system. Normal swallowing has both volitional and
reflexive components that associated with the multi38
dimensional levels of neural control . A previous
study about sequential evolution of cortical activity
during swallowing according to swallowing phase
reported successive activation starting at premotor
cortex, supplementary motor area, bilateral thalamus,
followed by primary sensorimotor cortex, insula, and
39
cerebellum . Therefore, we hypothesized that there
were some difference in brain regions associated with
each phase of swallowing process. As we hypothesized, some different pattern of brain lesion was observed.
Common brain areas correlated with both oral and
pharyngeal dysphagia was left insula, which might be
because lesions of the insula were common in nonlacunar strokes and often accompanied occlusion of
the proximal middle cerebral artery, causing large infarct volumes and damage to lenticulostriate subcortical territory. Previous studies also reported the
insula was correlated with dysphagia or higher risk of
7,40
pneumonia . Recently, Li et al. reported that stroke
patients with dysphagia exhibited dysfunctional connectivity mainly in the sensorimotor-insula-putamen
41
circuits . Also, one previous investigation suggests
that the insula is a primary integrative region for
31
volitional swallowing in humans .
The main lesion associated with oral phase dysphagia was left frontal lobe and insula. The problems of
the oral phase occurred frequently clinically when
cognitive dysfunction was severe. One previous study
reported oral phase dysphagia was predicted with
22
initial mini mental-status exam (MMSE) score . We
interpreted that frontal cortex was associated with oral
dysphagia because it might be associated with planJKDS Vol. 9, No. 2, 2019
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ning complex cognitive behavior, decision making,
42
and execution . As mentioned above, left frontal
cortex may be the region somewhat associated with
praxis. We thought that oral phase dysphagia such as
impaired lip closure and bolus formation or prolonged oral transit time might reflect some apraxic
components.
Predominant lesion correlated with pharyngeal
phase dysphagia was left basal ganglia. Although
several studies demonstrated activation of the basal
8,9
ganglia during swallowing , contributions of these
structures have been less notable than other cortical
regions. One previous study reported prominent activation was observed in the putamen and globus
43
pallidus during volitional swallowing . The basal
ganglia functionally connect the cerebral cortex and
the thalamus, being gating of sensory input to achieve
44
motor control . And, it was reported the basal ganglia
are responsible for the autonomic execution of
45
learned motor plans . It has long been assumed that
automatic behaviors are primarily mediated by sub46
cortical structure . We thought the pharyngeal phase
was primarily consisted of triggered swallowing reflex
and somewhat automatic pharyngeal motor control.
Therefore, the reason that correlated lesion with pharyngeal dysphagia was mainly basal ganglia might be
the reflexive and automatic component of pharyngeal
swallowing.
One limitation of our study was that the VFSS used
were retrospectively collected in the subacute stage.
Therefore, many patients had swallowing problems
on VFSS. However, it is recognized that for many
patients, dysphagia is transient and resolves spon47
taneously after stoke . Thus, further studies with a
prospective design are needed to collect serial followup data that allow for the analysis of critical areas in
permanent dysphagia requiring tube-feeding or total
parenteral nutrition. The other shortcoming was relatively small sample size. Therefore, lesion characteristics, such as location and size, in left and right
hemisphere in our sample might be different. Given
that lack of longitudinal follow up data and small
sample size, present study could give us valuable
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information about the lesion associated with different
swallowing phase problems.

7.

CONCLUSION
8.

The use of lesion symptom mapping in conjunction
with behavioral measures produced anatomically
specific results and data on lesion location derived
from MRI facilitate early differentiation of patients
with dysphagia after supratentorial ischemic stroke.
Oral phase dysphagia was associated with frontal lobe
and insula, the lesion correlated with cognitive function or apraxia. On the other hand, VLSM revealed the
lesions associated with pharyngeal dysphagia were
basal ganglia, structure that has a role in automatic
motor control network.
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