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Abstract.
Background: Cerebrovascular accident (CVA) and Parkinson’s disease (PD) are well established etiologies of dysphagia.
However, differing physiological mechanisms underlying dysphagia may exist between these two causes. There have been
limited investigations specifically comparing dysphagia between these two groups. Comparing dysphagia presentation in two
different populations may improve clinical expectations, guide treatment approaches, and inform future research.
Objective: This study examined the differences in presentation of dysphagia between PD and CVA. Dysphagia presentation,
swallow safety, and laryngeal kinematics were compared between two clinical cohorts. What factors best predicted airway
invasion in each group were explored.
Methods: 110 swallow studies of individuals with PD and CVA who were referred for swallowing evaluation were obtained.
Each video was analyzed for quantitative dysphagia presentation using the Videofluoroscopic Dysphagia Scale (VDS),
swallow safety using the Penetration-Aspiration scale, and kinematic timings of the laryngeal vestibule (time-to-laryngeal
vestibule closure [LVC] and closure duration [LVCd]).
Results: Frequencies of penetration or aspiration were similar between groups. The PD group displayed significantly greater
pharyngeal stage swallow impairment than CVA, with more frequent reduced laryngeal elevation and increased vallecular
residue. The CVA group displayed significantly greater oral stage impairment, with prolonged oral transit times. Time-to-LVC
was significantly prolonged and was the strongest predictor of airway invasion in the PD group, but not for CVA.
Conclusion: Similar airway invasion rates for PD and CVA indicate the importance of screening for dysphagia in PD.
Laryngeal kinematics as significant contributors to airway invasion in PD but not for CVA highlight the need for further
research into these mechanisms and for targeted treatment approaches to dysphagia.
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INTRODUCTION

Dysphagia in people with Parkinson’s disease
(PWPD) is expected to occur in a majority of those
diagnosed [1] and is associated with impairments in
oral, pharyngeal, and esophageal stages across the
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degenerative course of the disease [2, 3]. The progres-
sion of PD is heterogenous, however, and the nature
of dysphagia in PD across time is not well understood
[4]. This knowledge gap exists despite the expected
occurrence and cost of negative healthcare outcomes
related to dysphagia in PWPD, including aspiration
pneumonia and death [3, 5, 6].

The laryngeal impairments which lead to aspi-
ration in PWPD are not as well understood as
those in cerebrovascular accident (CVA), which
is considered one of the leading causes of dys-
phagia [7]. While recent evidence suggests that
time-to-laryngeal vestibule closure (LVC) and airway
responses to penetrated material are impacted by PD
[8–10], greater evidence is needed to elucidate those
physiological impairments for which treatment might
have the greatest impact for swallowing safety and
efficiency. This is particularly true as the prevalence
of dysphagia in PD has been reported as similar to that
of CVA [11], yet our understanding of laryngeal kine-
matics in CVA is substantially more robust compared
to PD. Investigations into broad samples of neuro-
genic dysphagia [12] have reported time-to-LVC as
the most significant predictor of decreased swallow
safety, further emphasizing time-to-LVC as a key
mechanism in preventing airway invasion. However,
documented differences in dysphagia presentation
exist between etiologies of dysphagia, including neu-
rogenic dysphagia [13, 14].

Despite the growing number of individuals diag-
nosed with PD compared to CVA in the United States
[15, 16] similar guidelines or protocols are not widely
available regarding dysphagia in PWPD. PWPD may
be provided with different or inadequate informa-
tion regarding dysphagia risk from their primary care
professionals. This supposition is supported by the
phenomenon that PWPD exhibit poor understand-
ing of swallowing impairments associated with their
disease [17] or how to identify symptomology [18].
There is a critical need to examine how dysphagia
presents across a broad population of PWPD, as well
as in comparison to other neurogenic etiologies of
dysphagia. Knowledge gained from these studies may
expand our understanding of how dysphagia presents
in PD across the duration of the disease, what the
most common and salient characteristics of dyspha-
gia in PD are, and determine how specific kinematics
related to laryngeal physiology for airway protec-
tion affect swallow safety. By examining the severity
and consequences (such as aspiration) of dysphagia
across neurologically impaired populations, knowl-
edge created could be used to facilitate understanding

and advocacy about dysphagia in PD for various
healthcare professionals and clinicians.

To achieve these aims, the current project will
address three primary research questions:

1. Do the frequencies of physiological break-
downs in swallowing across oral, pharyngeal,
and esophageal stages of swallowing in PWPD
differ in comparison to individuals post CVA? It
was hypothesized that dysphagia presentation,
as measured by the Videofluoroscopic Dys-
phagia Scale (VDS) items and subcomponent
scorings, will be similar in both populations. It
was also hypothesized that abnormal swallow
events of penetration and aspiration as mea-
sured by the Penetration Aspiration Scale (PAS)
[19] will occur more frequently in PWPD due
to the ubiquity of upper airway sensorimotor
dysfunction [20].

2. Which laryngeal kinematic measurements are
the best predictors of airway invasion in PWPD
and CVA? Based on the available literature
[12] it was hypothesized that time-to-laryngeal
vestibule closure (LVC) will be the strongest
kinematic predictor of abnormal swallow events
in those diagnosed with pharyngeal stage dys-
phagia in both groups.

3. Are laryngeal kinematic measures different
between PWPD and individuals with CVA who
have been diagnosed with pharyngeal stage
dysphagia? It is unclear at this time how laryn-
geal kinematics such as time-to-LVC will differ
between two neurogenic dysphagic groups.
While the literature indicates that time-to-LVC
is typically a strong predictor of abnormal swal-
low events in both populations [8, 9, 21, 22],
how the specific kinematic timings compare
between the groups has not been investigated
previously.

MATERIALS AND METHODS

Study sample

This study was approved by the Texas Christian
University (TCU) institutional review board (IRB).
The study design was a cross-sectional, observa-
tional investigation consisting of videofluroscopic
swallow study (VFSS) evaluations that were con-
ducted on a clinical sample of people post-CVA and
those diagnosed with PD between January 1st, 2020
and December 31st, 2020. All video recordings of
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instrumental (VFSS) swallow assessments were used
with permission from Diagnostex, LLC (Hurst, TX).
All VFSS evaluations were completed in a mobile
radiology unit using the same equipment.

A summary flowchart of record reviews, exclu-
sion, and final inclusion numbers can be found in
Supplementary Material 1. Included VFSS record-
ings were required to meet the following criteria:
1) Recordings of patients diagnosed with a CVA
within six months with no other underlying neuro-
logical impairment according to the medical record;
2) Recordings of patients diagnosed with PD prior
to their VFSS with no other underlying neurological
impairment unrelated to PD according to the medical
record, as well as no atypical parkinsonism or parkin-
sonism related disorders; 3) Patients must have been
diagnosed with dysphagia subsequent to the VFSS
assessment, as indicated in the examination report; 4)
Patients diagnosed with pharyngeal stage dysphagia
must have exhibited abnormal swallow events mea-
sured by a score of ≥3 on the PAS, indicating some
degree of airway safety compromise; 5) Patients must
not have undergone targeted dysphagia therapy prior
to the VFSS according to medical records; 6) VFSS
examination videos must have had minimal move-
ment and motion artifacts for adequate kinematic data
extraction; and 7) Video quality was clear enough
to visualize the upper airway from the arytenoids to
the epiglottis to allow for measurement of laryngeal
kinematic data and identify the bolus consistency and
volume being administered by the clinician.

Procedures and instrumentation

All VFSS were conducted on a mobile swallow-
ing/dysphagia assessment unit (Diagnostex, LLC).
All studies were recorded at 30 frames per sec-
ond (fps) in agreement with current literature [23]
and conducted by a trained and certified Speech-
Language Pathologist (SLP) who was blind to the
conditions and purposes of this study. All patients
were asked to consume multiple bolus trials at
varying volumes and consistencies mixed with a
radiographic barium solution (E-Z Paque 96% w/w,
diluted to 40% w/v, or EZ Paste 60% w/v) for visu-
alization on VFSS as part of a standard assessment
protocol. As these VFSS were conducted as part of a
clinically based, mobile radiography unit, these vary-
ing volumes and consistencies were presented on a
patient by patient basis. As such, practical measure-
ments of real world assessment such as teaspoon and
individual patients’ natural sip size were used, rather

than specific measurements (ounces or milliliters).
Recordings were de-identified prior to any data col-
lection.

Data collection

Demographic and diagnostic information was
obtained from the patient records. Extracted data
included: neurological diagnosis (stroke, or PD),
dysphagia diagnosis (oral, pharyngeal, esophageal,
a combination such as oropharyngeal), and time
elapsed from onset of neurological diagnosis to
VFSS, total disease duration (PWPD), age, and
gender. As part of a standard VFSS protocol, an
esophageal sweep was conducted on all patients.
Esophageal dysfunction was identified by the pre-
siding radiologist at the time of assessment and was
extracted from the patient record. Video analysis soft-
ware Avidemux v. 2.7 was used for video playback
of VFSS as well as frame-by-frame analysis for kine-
matic measures and determination of PAS scores.
Two kinematic timing measures were obtained: time-
to-laryngeal vestibule closure (LVC) and laryngeal
vestibule closure duration (LVCd). These measures
have been utilized in previous studies to assess phys-
iological timing events related to airway closure and
protection during swallowing in these populations
elsewhere [24, 25] as well as from our lab [9].
Time-to-LVC was operationally defined as beginning
with (a) the initial and consistent anterior-superior
burst of the hyoid and ending when (b) the ary-
tenoids contact the underside of the epiglottis with
the maximum extent of observed laryngeal vestibule
obstruction. LVCd was defined as beginning at (a)
the moment of maximum observed obstruction of
the laryngeal vestibule and ending when (b) the
descent of the arytenoids from the underside of the
epiglottis began, as seen by the reemergence of the
vestibule.

Visual-perceptual analysis was applied to every
swallow recording of each participant to determine
the PAS. The PAS measured the degree of laryngeal
penetration and/or aspiration as judged by the depth
of bolus material entering the airway. The scale can be
found in Supplementary Material 2. After obtaining
all PAS scores, data was transformed into a separate
dichotomous variable to reflect either a “normal” and
safe swallow (PAS score of 1 or 2) or “abnormal”
(PAS score 3-8). This method has been suggested as
one of several appropriate approaches with this study
design [26] and used in recent work [9] to quantify
the PAS for statistical hypothesis testing.
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The VDS was scored and calculated for each
recording of every patient. The VDS was used to
assign quantifiable severity scores for various signs
and physiological characteristics of dysphagia across
oral and pharyngeal swallow stages. The signs that
can be identified and scored with the VDS can be
found in Supplementary Material 3. The VDS con-
sists of 14 total items, with 7 separate items designed
to assess overall severity of the oral stage of swallow-
ing and 7 separate items to assess overall severity in
the pharyngeal stage of swallowing. A patient’s VDS
score was calculated by adding each item to produce a
total score with a maximum of 100, with higher num-
bers indicating more severe dysphagia. The nature of
the VDS also allowed for subcategory (i.e., oral vs.
pharyngeal dysphagia) analysis between groups. This
has been performed previously [27] by separating the
oral components and pharyngeal components of the
VDS based on the physiology of each stage. The oral
stage components can be totaled out of a maximum
40 points and pharyngeal stage components out of
a maximum of 60 points. The scale has been used
and validated in CVA dysphagia research previously
[28] and has shown translatability across dysphagia
etiologies [29].

All kinematic measures, PAS scores, and VDS
scores were performed independently by the PI. A
15% remeasure by a second, independent rater was
performed to calculate interrater reliability, and a
15% remeasure by the PI was completed to cal-
culate intrarater reliability for kinematic measures,
PAS scores, and overall VDS scores. Intraclass Cor-
relation Coefficients (ICC) were calculated using a
two-way random effects model.

Statistical analysis

All statistical analyses were performed in SPSS
(v. 24). Independent t-tests were conducted on
demographic and key variables to determine if any
differences were present between CVA and PD
groups. Intraclass Correlation Coefficient (ICC) val-
ues were computed to determine interrater reliability
for kinematic (time-to-LVC and LVCd), swallow
safety (PAS), and VDS total scores.

For research question 1 related to differences in
presentation of dysphagia in CVA and PD, chi-square
tests were performed to examine differences in dis-
tributions of dysphagia diagnosis and PAS scores
between CVA and PD groups. Current recommended
statistical treatment of the PAS remains contested [26,
30]. In the current study, the PAS scale was examined

through frequency distributions and investigating dis-
tribution differences between groups. This allowed
the scale to be examined in its intended ordinal nature,
on a measurement scale of 1-8, rather than treated
as a continuous variable in a linear model. The PAS
may also be described by the various score ranges
when examining frequencies of airway invasion. As
an example, PAS scores of 1-2 are often defined as
“normal”, PAS scores of 3-5 correspond to events of
penetration, and scores of 6-8 correspond to events
of aspiration. When exploring the differences in air-
way invasion characteristics between groups, some
comparisons were made based on these score ranges.
A multivariate analysis of variance (MANOVA) was
also used to assess differences in overall VDS sub-
scale scores (Oral and Pharyngeal) between CVA and
PD.

For research question 2, binary logistic regressions
were used to determine how time-to-LVC and LVCd
predicted normal vs. abnormal swallowing for CVA
then PD groups, respectively. A PAS score of 1 or 2
was defined as normal and scored as a “0” and PAS
scores 3-8 were defined as abnormal and scored as a
“1”. To explore the influence of bolus characteristics,
volume and consistency were examined with separate
univariate ANOVAs to determine the potential need to
include them as variables of interest in the regression
model.

For research question 3, a multivariate analysis
of covariance (MANCOVA) was used to examine
the differences of time-to-LVC and LVCd between
all CVA and PD patients, controlling for both bolus
volume and consistency. All � levels for detecting
significance were set to 0.05 and effect sizes were
computed post hoc.

RESULTS

Data screening

Due to the individual and heterogeneous needs of
patients at the time of their VFSS assessment, patients
did not consume all bolus consistencies and volumes
equally. Therefore, data screening was conducted
to determine which consistencies and volumes all
patients were able to consume and tolerate during the
VFSS, and only data from patients receiving the same
bolus types were included in the final analyses. All
bolus consistencies and volumes across every patient
were identified and recorded. Initial data screening
indicated that all patients participated in at least one
trial of thin liquid by teaspoon, nectar liquid by tea-
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Table 1
Descriptive statistics for patient demographics

Disease group

Total demographics CVA PD

Gender between groups (Male/Female%) 53/47 (p > 0.05)
Gender within groups (Male/Female%) 56/44 62/38
Age (mean±SD) 76.24 (12.58) years 78.67 (8.08) years (p > 0.05)
Time from diagnosis (mean±SD) 1.92 (1.6) months 4.59 (4.8) years
Oropharyngeal dysphagia diagnosis 100% 100%
Esophageal dysfunction 14% 52%
Time-to-LVC 0.21 (±0.09) 0.24 (±0.24)
LVCd 0.55 (±0.20) 0.50 (±0.20)

spoon and cup, and pudding thick consistency by
teaspoon. There were no significant between-group
differences in the number of patients recorded while
swallowing either bolus volume or consistency (all
p > 0.05). As such, kinematic and PAS scores derived
from only those textures and volumes were included
in the final analysis.

Descriptive statistics

A total of 110 (60 PD and 50 CVA) individual
patients were included in the final analysis. Descrip-
tive statistics are shown in Table 1. The distribution
of gender across all patients was 53% male to 47%
female. Within the CVA cohort, a 56% female to
44% male breakdown was observed. Within the PD
cohort, a distribution of 62% male to 38% female was
observed. Chi-square analysis indicated no signifi-
cant differences between groups in terms of gender
(p > 0.05). The mean and standard deviation for age
of the CVA cohort was 76.24(±12.58) years, and for
PD was 78.67(±8.08) years. Independent t-tests dis-
played no significant differences between groups for
age (p > 0.05). The mean time elapsed from CVA
diagnosis to dysphagia evaluation was 1.92(±1.6)
months. The mean disease duration length for PWPD
was 4.59(±4.80) years.

A total of 844 swallows were measured and
included in the final analysis with PAS scores
obtained from every swallow. Across all patients,
68% of swallows were categorized as normal (PAS
scores of 1 or 2) and the remaining 32% defined as
abnormal (PAS scores ≥3). All patients included in
the final analysis were diagnosed with oropharyngeal
dysphagia (100%), per inclusion criteria. 4 patients
in the CVA cohort who were originally diagnosed
with oral dysphagia only were excluded from the final
analysis as they showed no measurable impairments
based on the outcome measures being used in this
study. In assessing the frequency of Esophageal dys-

Table 2
Distribution of penetration and aspiration events by group &

consistency

PAS levels
N(%)

Normal Abnormal Aspiration
(1-2) (3-8) events (6-8)

Diagnosis Status
PD 67.2% 32.8% 7.9%
CVA 69.9% 30.1% 10%

Consistencies
Thin 53% 47% 13%
Nectar 66% 34% 9%
Pudding 86% 14% 3.6%

Volume
Teaspoon 72.3% 27.7% 9%
Cup 59.5% 40.5% 8.8%

function diagnoses 7 patients were diagnosed with
Esophageal dysfunction at time of assessment (14%
of patients) in the CVA cohort, compared to 31 (52%)
in the PD cohort.

Distribution of PAS scores and dysphagia
presentation

Chi-square analysis revealed no significant dif-
ferences in the distribution of PAS scores between
groups (χ2 = 9.19, p = 0.163). 69.9% of swallows in
CVA patients and 67.2% of swallows in PD patients
were considered normal (PAS score 1-2). The distri-
bution of aspiration events was similar with 36 (10%)
events and 38 (7.9%). A summary of the distributions
of PAS scores per group can be found in Table 2.
Despite the nonsignificant chi-square, large discrep-
ancies were observed between groups in frequencies
of a PAS score of 3, with 58 (16% of swallows) occur-
rences in the CVA group compared to 105 (22%) for
PWPD.

Chi-square analyses of dysphagia presentation
between CVA and PD based on individual VDS items
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Fig. 1. Laryngeal elevation by group.

Fig. 2. Vallecular residue ratings by group.

Fig. 3. Oral transit timings by group.

revealed significant differences in the distribution
of scores for several items. All VDS items may
be found in Supplementary Material 3. Oral tran-
sit times (χ2 = 5.28, p = 0.02) showed a significant
association of higher scores (prolonged oral transit
timings) with the CVA group. Higher (worse) vallec-
ular residue scores (χ2 = 9.17, p = 0.03), and reduced
laryngeal elevation (χ2 =7.19, p = 0.007) both dis-
played significant associations with the PD group.
Though apraxia scores (χ2 = 9.18, p = 0.057) and

tongue-to-palate contact scores (χ2 = 3.70, p = 0.054)
were nonsignificant statistically, both sub-scale com-
ponents indicated a trend towards worse scores for
the CVA group. For apraxia scores, 70% of the PD
group scored normal in this category while only 52%
in the CVA group scored normal. 34% of the CVA
group were scored with mild apraxia alone, while
30% of the remaining PD group in total fell into any
of the possible apraxia categories (mild, moderate,
severe). VDS items that were significantly different
in their distribution across groups are presented in
Figs. 1–3.

Differences in oral and pharyngeal VDS scores
between CVA and PD

A one-way MANOVA testing for the effects of
group membership (PWPD and CVA) for dyspha-
gia severity based on VDS components (oral total
scores and pharyngeal total scores) was conducted.
VDS total scores were linearly dependent on the two
other VDS variables (total scores are a function of
oral and pharyngeal scores combined). As such, total
VDS score as a variable was omitted from the final
analysis. A separate univariate ANOVA confirmed
no significant differences between groups for total
VDS scores prior to conducting the final MANOVA
(p = 0.29). Visual inspection of scatterplots indicated
relative normality and Box’s M (M = 1.85, p = 0.61)
indicated no concerns for heteroscedasticity. An
omnibus multivariate analysis indicated a significant
effect of group (PWPD and CVA) on VDS scores
(T = 0.098, F[2] = 5.26, p = 0.007). The omnibus asso-
ciated R2 statistics for the model (R2 = 0.09) indicated
the combined effect of the variables in the model
accounted for 9% of variance in the data. Between-
subjects effects indicated a significant effect for
VDS oral (F[1] = 7.6, p = 0.007) and VDS pharyn-
geal (F[1] = 4.47, p = 0.037) scores. Associated R2

statistics for VDS oral scores (R2 = 0.07) and VDS
pharyngeal (R2 = 0.04) indicated the variables in our
model accounted for 7% and 4% of the variance
in the data, respectively. Inspection of pairwise-
comparisons showed that the CVA group scored
significantly higher (worse) in VDS oral compo-
nents while the PD group scored significantly higher
(worse) in the VDS pharyngeal components. In terms
of estimating the size of the effect of these results,
main effects of diagnosis on VDS oral scores and
VDS pharyngeal scores resulted in medium and small
effects (Cohen’s d = 0.52 and 0.41).
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Table 3
Regression Summaries for Predicting Abnormal Swallow Events for CVA and PWPD

Group (CVA or PD) Predictors � Wald Sig. (p) Odds Ratio 95%CI

CVA Pudding Consistency –1.87 27.03 <0.001 0.15 0.08–0.31
PD Time-to-LVC 3.92 9.09 0.003 50.36 3.94–64.77

LVCd 1.50 5.86 0.02 4.50 1.33–15.22
Nectar Consistency –1.07 20.63 <0.001 0.34 0.22–0.55
Pudding Consistency –1.99 38.09 <0.001 0.14 0.07–0.26
Cup Volume 0.46 3.95 0.04 1.59 1.01–2.51

Laryngeal kinematics and bolus characteristics
on penetration or aspiration

Chi-square analysis for distribution of PAS
scores by consistency displayed a significant result
(χ2 = 96.49, p < 0.001). For consistencies, pudding
boluses were categorized with normal swallow events
for 86% of those swallows, while nectar (66%) and
thin (53%) showed decreasing instances of normal
swallow classification respectively. In terms of aspi-
ration events (PAS≥6), thin liquids were classified as
aspiration on 13% of trials for that consistency while
nectar (9%) and pudding (3.6%) accounted for far
less aspiration related events. Chi-square test for dis-
tribution of PAS scores by volume also displayed a
significant result (χ2 = 47.99, p < 0.001). Out of 844
swallows, teaspoon volume accounted for 548 (65%)
and cup volume accounted for 296 (35%), indicating
that teaspoon sized boluses were administered sig-
nificantly more often than cup sized. A full report of
PAS scores by bolus consistency and volume can be
found in Table 2.

All cup volume boluses were associated with
nectar thick consistencies. Despite the thicker con-
sistency of nectar, teaspoon boluses which included
both thin and pudding consistencies displayed lower
rates of abnormal swallow events with 72.3% of swal-
lows categorized as normal while cup volumes of
nectar consistencies displayed normal swallow events
59.5% of the time. Chi-square results also displayed
no significant differences (all p > 0.05) in the distri-
bution of volume or consistency across diagnosis,
indicating that volume and consistency effects on
PAS scores were likely not isolated to one disease
condition. Due to the apparent contribution of bolus
characteristics overall to abnormal swallow events, it
was considered appropriate to include these variables
in the logistic regression model.

The first binary logistic regression was used to
determine which laryngeal kinematics were best able
to predict whether a patient would have a nor-
mal or abnormal swallow event in the CVA cohort.

The binary outcome variable consisted of previously
applied PAS scores recoded into either a normal
(PAS scores of 1 or 2) or abnormal (PAS≥3) state.
Kinematic predictor variables included time-to-LVC
and LVCd, as well as volume (teaspoon and cup)
and consistency (thin, nectar, pudding) of bolus as
non-kinematic variables. A forward-entry regression
approach was used to define the most parsimonious
set of predictor variables and accurate model fit, for
both regression models based on the Wald statistic
for the variable’s contribution to a significant model.
It has been suggested that using the Wald statistic
as a criterion for variable selection may be more
appropriate with a larger n of observations [31]. We
believe that the n of these samples (n = 363 swallows
in the CVA cohort and n = 461 in the PWPD cohort)
is appropriate for choosing this method rather than
the Likelihood-ratio.

The regression model produced a significant result
over the constant (χ2 [2] = 35.54, p < 0.001) and a
goodness-of-fit result (p > 0.05) indicated our regres-
sion model accurately fit our data. The Nagelkerke
R2 = 0.13, indicated our model was accounting for
13% of the variance in the data. Overall, our model
displayed a correct predictive rate of swallow event
67% of the time. Examination of the correlation
matrix indicated no variables correlated higher than
R = 0.44 suggesting there were no strong correlations
between variables in the model, and therefore we
were able to move forward with interpretation of the
model. An overall model summary can be found in
Table 3. Bolus volume (W = 1.43, p = 0.232), time-
to-LVC (W = 1.07, p = 0.300), and LVCd (W = 2.97,
p = 0.085) were excluded as variables from the final
model after failing to contribute significantly to any
step of the model produced.

Bolus consistency was significant for only
one category (pudding) compared to the ref-
erence (thin). Pudding consistencies (�=-1.87,
W = 27.03, p < 0.001, OR = 0.15) indicated signifi-
cantly decreased odds of abnormal swallow events.
This suggested a 95% reduction in the odds of a
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Table 4
LVC timing differences between CVA and PD

Kinematic F statistic Sig. (p) Pairwise Effect size
variables Difference (Cohen’s d)

(PD – CVA)

Time-to-LVC 14.17 <0.001 -0.40 0.52
LVCd 8.64 <0.001 0.06 0.27

swallow being classified as abnormal over thin con-
sistencies. Nectar consistencies (�=-0.36, W = 1.86,
p = 0.17, OR = 0.70) were not a significant predictor
of reduced abnormal swallow events.

The second binary logistic regression model was
run to determine the same outcomes and used the
same variables related to the cohort of PWPD (see
above). The regression model produced a significant
result over the constant (χ2[5] = 78.88, p < 0.001)
and a goodness-of-fit test result (p > 0.05) indi-
cated our regression model accurately fit our data.
The Nagelkerke R2 = 0.21, indicated our model was
accounting for 21% of the variance in the data. Over-
all, our model displayed a correct predictive rate of
swallow event 70% of the time. Sensitivity (true-
positives) and specificity (true-negatives) were 31%
and 89%, respectively. Examination of the correla-
tion matrix indicated no variables correlated higher
than R = 0.34 suggesting there were no strong corre-
lations between variables in the model, and therefore
we were able to move forward with interpretation of
the model. An overall model summary can be found in
Table 3.

All variables entered in the regression were
included as significant in the final iteration of the
model (Step 4). Bolus volume (W = 3.95, p = 0.04,
OR = 1.59) indicated larger volumes (cup sized)
significantly increased the odds of penetration or
aspiration occurring, with a 59% increase in the odds
of this occurring. Both bolus consistencies (nectar
and pudding) displayed significant reductions in the
odds of penetration or aspiration in comparison to
the reference (thin). Nectar consistencies (W = 20.63,
p < 0.001, OR = 0.34) and pudding consistencies
(W = 38.09, p < 0.001, OR = 0.14) suggested 66% and
86% reductions in the odds of penetration or aspi-
ration compared to thin consistencies. Finally, both
time-to-LVC (W = 9.09, p = 0.003, OR = 50.36) and
LVCd (W = 5.86, p = 0.02, OR = 4.5) both signifi-
cantly predicted whether a swallow would present
normally or with penetration/aspiration. These results
suggested a 50x increase in the odds of penetra-
tion or aspiration occurring as time-to-LVC became

larger, and a 4.5x increase in the odds of penetra-
tion or aspiration occurring as LVCd times became
larger.

Laryngeal kinematic differences between CVA
and PD

Separate univariate ANOVAs were significant for
both consistency (p = 0.028) and volume (p = 0.011)
effects on laryngeal kinematic timings. These vari-
ables were then considered as relevant covariates to
move forward in MANOVA hypothesis testing when
laryngeal kinematics were included in the model.
Age or gender had no significant effect on kinematic,
dysphagia, or swallow event related outcomes (all
p > 0.05) and were therefore not carried forward as
covariates of interest into the model.

A one-way MANCOVA testing for the effect of
group membership (PD vs. CVA) on kinematic differ-
ences (time-to-LVC and LVCd) was conducted with
both volume and consistency serving as covariates in
the model. These categorical variables were dummy
coded to fit inclusion as covariates in the model
[32]. Visual inspection of scatterplots indicated rel-
ative normality and Box’s M (M = 1.03, p = 0.79)
indicated no concerns for heteroscedasticity. An
omnibus multivariate analysis indicated a significant
effect of group on kinematic timings (Hotellings
Trace; T = 0.058, F[2] = 24.20, p < 0.001). Inspec-
tion of between-subjects effects indicated significant
results for both time-to-LVC (F[4] = 14.7, p < 0.001)
and LVCd (F[4] = 8.64, p < 0.001) when control-
ling for bolus consistency and volume. Associated
R2 statistics for time-to-LVC (R2 = 0.07) and LVCd
(R2 = 0.04) indicated that our model was account-
ing for 7% and 4% of the variance in the data,
respectively. Inspection of pairwise comparisons
showed that time-to-LVC was significantly longer
(i.e., slower) in PWPD than in CVA. Addition-
ally, LVCd was significantly shorter in PWPD than
in CVA. Corresponding effect sizes for kinematic
measures indicate the main effect of diagnosis on
time-to-LVC resulted in a medium effect (Cohen’s
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d = 0.52) while the main effect of diagnosis on LVCd
resulted in a small effect (Cohen’s d = 0.27).

Reliability

Total VDS scoring interrater reliability was excel-
lent (ICC = 0.99, p = 0.02, CI = 0.93-0.99). Interrater
reliability for kinematic measures indicated excel-
lent reliability for both time-to-LVC (ICC = 0.94,
p < 0.001, CI = 0.78-0.97) and LVCd (ICC = 0.95,
p < 0.001, CI = 0.911-0.97). For PAS scores, inter-
rater (ICC = 0.97, p < 0.001, CI = 0.94-0.98) values
indicated excellent reliability for judging events
of penetration and/or aspiration. Intrarater relia-
bility for total VDS scoring indicated excellent
reliability (ICC = 0.95, p < 0.001, CI = 0.62-.99).
Intrarater reliability for time-to-LVC (ICC = 0.93,
p < 0.001, CI = 0.87-0.96) and LVCd (ICC = 0.95,
p < 0.001, CI = 0.88-0.97) indicated excellent relia-
bility. Intrarater reliability for PAS scores was also
excellent (ICC = 0.91, p < 0.001, CI = 0.83-0.93).

DISCUSSION

Dysphagia presentation in PD compared to CVA

A major goal of this study was to compare how
dysphagia presents in PWPD compared to those diag-
nosed with CVA. The first research question asked
what the most frequent physiological breakdowns in
swallowing are in PD compared to CVA, based on all
components scored in the VDS. It was hypothesized
that these breakdowns in swallowing, as measured by
item severity scores on the VDS, would manifest sim-
ilarly in both populations. It was also hypothesized
that abnormal swallow events of penetration (PAS
scores 3-5) and aspiration (PAS scores 6-8) as mea-
sured by the Penetration Aspiration Scale (PAS) [19]
would occur more frequently in PWPD. These results
indicated that PWPD were more likely to exhibit fre-
quent breakdowns related to the pharyngeal stage
of swallowing, including reduced laryngeal eleva-
tion and residue, compared to patients with CVA.
CVA patients displayed more frequent and severe
impairments related to the oral stage of swallow-
ing. Although overall dysphagia severity was similar
between groups, our results indicated that PWPD are
more impacted by pharyngeal stage impairments, and
less impacted by oral stage impairments, when com-
pared to patients with CVA.

These findings contribute to growing evidence that
oral stage impairment is not as useful an indicator of

dysphagia for PWPD. Previous research investigating
oral stage impairment in PD, such as tongue pressure
or oral transit times, has been based on the supposition
that oral stage impairment is the most prevalent issue
related to dysphagia in PWPD [33, 34]. However, our
sample of PD patients displayed more frequent and
more severe pharyngeal stage impairment. Our abil-
ity to compare this presentation to another etiology
of dysphagia such as CVA provides more evidence
that, although oral stage impairment does present in
PD, it is most likely not the strongest or most reliable
contributor to overall dysphagia severity. These find-
ings are supported by those of Nienstedt et al. [35]
who were able to show that deficits related to the oral
stage, such as drooling, do not necessarily cause fur-
ther issues in the pharyngeal stage such as residue
management or decreased swallow safety.

An unexpected finding in our study was the lack
of separation in PAS scores between the CVA and
PD groups. While we originally hypothesized PWPD
would have higher rates of penetration or aspiration,
this was not the case. Patients in the CVA group
presented with findings of aspiration 10% of the
time and abnormal rates of swallow safety in 30%
of swallows, in line with previous literature explor-
ing swallow safety outcomes in post-CVA patients
[36, 37]. PWPD displayed similar outcomes, with
8% categorized as silent aspiration alone and 33% of
swallows categorized as abnormal PAS scores over-
all. Although the data did not confirm our hypothesis
regarding PAS scores in PWPD, the rates of patients
who did show aspiration (PAS 6-8) support findings
in the existing literature [38] with greater than 30%
of PWPD having an aspiration related event. More-
over, when considering that normal PAS scores of 1
and 2 should account for greater than 95% of swal-
lows [39, 40] our study was able to show that both
CVA and PD groups displayed substantially worse
swallow safety metrics compared to normative data.
Particularly for PWPD, these findings contribute sig-
nificantly to a growing body of literature showing
that PWPD are exhibiting abnormal swallow events
regardless of disease duration, severity, or reports of
dysphagia.

Predictors of abnormal swallowing between CVA
and PD

Another goal of this study was to determine if
laryngeal kinematics or bolus properties were strong
predictors of penetration and aspiration in CVA and
PD groups. We also sought to examine how laryn-
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geal kinematics differ between these groups. In terms
of bolus consistency, both CVA and PWPD patients
were more likely to experience airway invasion on
thin liquids than thicker liquids and were at the low-
est risk of penetration or aspiration when consuming
pudding thick consistencies. These findings are in line
with the consensus for how individuals may respond
to thicker liquids [40] as well as maximizing swallow
safety in the clinical management of reducing events
of penetration and/or aspiration [41–43]. Bolus vol-
ume was not a significant contributor for predicting
abnormal swallow events in CVA. Despite having
low predictive value, the findings in this study of
higher rates of abnormal swallow events for larger
boluses compared to smaller in clinical etiologies of
dysphagia such as CVA agree with existing literature
[44, 45].

In PWPD, however, larger volumes were sig-
nificantly associated with occurrences of airway
invasion. PWPD have been shown to take larger
than expected bolus sip size on thicker consisten-
cies [46] and all cup volume trials in this sample
were of thickened consistencies. This suggests that
the volume of liquid being taken per administra-
tion in PWPD, regardless of consistency, significantly
elevates the risk of episodes of airway invasion.
The reason for discrepancies on sip volume predic-
tive ability between groups remains unclear. Healthy
adults have been shown to take smaller sip volumes as
boluses become thicker [40], and the self-selection of
sip volume is suggested to be based on several factors
including sensory integration and stable motor per-
formance [47]. This may reflect several underlying
causes of connection between larger bolus volumes
and airway invasion in PWPD compared to CVA. It
has been well documented that PWPD experience
altered sensorimotor integration and motor control
as a part of the disease process [48–50]. Poor senso-
rimotor integration and motor control may contribute
to increased motor variability, resulting in a reduced
ability to self-select consistent sip volumes or respond
effectively when increased volumes are administered.

Another potential contributor may be awareness or
perception of swallowing deficits. Parker et al. [51]
suggested that even in post-stroke dysphagic patients
with poor awareness, smaller average sip volumes
were taken when compared to normative data. Given
the attention that is often given to post-stroke dys-
phagia screening and assessment, and the potential
lack of information provided to PWPD regarding
swallowing difficulties that manifest with the dis-
ease [17, 18], discrepancies in self-awareness of

swallowing difficulties may be a contributing factor.
Substantially more research is needed to further our
understanding of how PWPD understand swallowing
difficulties and to improve education of dysphagia
awareness from the time of diagnosis. Taken together,
issues of bolus consistency, bolus volume, and patient
knowledge of dysphagia have substantial clinical
implications for the implementation of thickened
consistencies as a dysphagia management strategy.
This includes balancing patient experiences of plea-
sure and palatability when eating and drinking [52]
with management of airway invasion, and improv-
ing patient awareness and knowledge of swallowing
disorders.

Regarding laryngeal kinematics, both time-to-LVC
and closure duration (LVCd) timings of the laryn-
geal vestibule were able to predict whether patients
would display abnormal swallow events of penetra-
tion or aspiration in PWPD. Results also indicated
significant differences in time-to-LVC and LVCd.
However, these measures as predictors for abnormal
swallows were not significant in CVA patients. While
time-to-LVC predicting penetration or aspiration sup-
ports our hypothesis and the current literature in PD
[8–10] the lack of predictive ability of time-to-LVC
in the CVA group was not expected, as time-to-LVC
is often described as one of the major contribu-
tors to airway invasion in post-stroke dysphagia and
most neurogenic etiologies of dysphagia [21, 22].
The association of prolonged LVCd and airway inva-
sion in PWPD has been postulated elsewhere [10]
although the lack of association between LVCd and
airway invasion in CVA agrees with the existing lit-
erature [53], in that LVCd by itself is not a strong
predictor of airway invasion.

From a clinical standpoint these findings pro-
vide important distinctions and suggest the need
for increased awareness of how dysphagia manifests
in different neurologically impaired populations.
Though current literature suggests that time-to-LVC
is one of the strongest predictors of airway inva-
sion across neurogenic etiologies of dysphagia [12],
it is possible that subgroups may be inflating the
predictive power of generalized measures (i.e., time-
to-LVC). Therefore, increased attention needs to be
given to the reality that physiological mechanisms
of dysphagia and airway invasion may be differ-
ent across clinical subgroups. Measured differences
in time-to-LVC and LVCd may indicate differential
adaptations, responses, and internal compensatory
strategies in different etiologies of dysphagia (PD vs.
CVA). Perhaps most importantly, identifying the dis-
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tinct differences between these groups offers novel
insight to the potential for investigating and devel-
oping specific, targeted treatment approaches for
different etiologies of dysphagia.

Limitations and future research
recommendations

This study was not without limitations and as
such, caution should be used when interpreting these
results. The two groups used in this study represented
distinct neurological etiologies of dysphagia. The two
groups included in this study were also clinically
based samples. The data used was dependent on what
was made available via the medical record and the
VFSS conducted. It is therefore possible that some
data such as underlying conditions may remain unac-
counted for. As an example, because these VFSS were
completed on a mobile radiography unit, they often
took place in a non-centralized location dependent on
the patient. Therefore, information such as medical
or specialist follow up for severity of disease in PD,
or full medical record access was not always possi-
ble or was incomplete. Despite being able to provide
durations from the onset of conditions, the inability to
provide specific disease severity information should
be considered a limitation of this study.

Due to the retrospective methods employed in
this study, a lack of control over the VFSS pro-
tocol are also a limitation. As an example, due to
time restraints and practicality, real world measure-
ments for administration such as teaspoon, or using
a patients individual natural sip size were used and
included. Future research and design should utilize
more tightly controlled environments and methods to
ensure adequate replication of these results. While
our results do align with and support much of the
existing literature, future research should seek to con-
firm these findings.

The use of the VDS as a tool to quantify dys-
phagia presentation across swallow stages may also
be a limitation of this study. Quantification of dys-
phagia during VFSS in general continues to lack
sufficient evidence of reliability in the literature avail-
able [54]. Additionally, recent literature suggests a
shift to pixel-based measures of dysphagia presenta-
tion rather than visuoperceptual ratings [55] provides
more accurate severity ratings. These suppositions in
the literature therefore include the VDS used in this
study, as it relies on visuoperceptual ratings of sever-
ity and should therefore be considered a limitation.
Finally, this study only examined two temporal kine-

matic factors of interest (time-to-LVC and LVCd).
It is possible that other spatial or temporal kine-
matic measurements may help develop more robust
and complete models of airway invasion prediction.
Future studies should continue to examine further
how other measurements of swallow mechanics con-
tribute to airway invasion in different etiologies of
dysphagia.
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