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Abstract.
Background: Dysphagia in Parkinson’s disease (PD) is a common manifestation, particularly in advanced disease stages.
However, the pathophysiology and time course of dysphagia progression remains unclear in non-advanced disease stages
(e.g., Hoehn & Yahr stages I–III). Conflicting reports from investigations of the perception of dysphagia in people with PD
further complicates our understanding of dysphagia in this population.
Objective: The objectives of this research were to evaluate the ability of screening tools to detect swallowing impairments
and how laryngeal kinematics predict the occurrence of abnormal swallowing events.
Methods: 14 individuals with non-advanced PD, no previous history of dysphagia diagnosis, and self-reported difficulty
swallowing participated. The Swallow Disturbance Questionnaire (SDQ) and 3-oz water swallow test (WSST) were admin-
istered, along with a videoflouroscopic swallow study (VFSS). Laryngeal kinematics were represented by laryngeal vestibule
closure reaction time (LVrt) and laryngeal vestibule closure duration (LVCd). The Penetration-Aspiration Scale (PAS) was
used to quantify airway invasion.
Results: A logistic regression indicated a significant model of predicting airway invasion from our predictors (p = 0.003).
LVrt and SDQ (p < 0.05) provided the largest impact (OR = 1.11; 1.17). The WSST showed no significance in predicting
swallow impairment (p > 0.05).
Conclusion: Decreased airway safety related to laryngeal kinematic function in PD may be manifesting at non-advanced
disease stages to varied degrees. Our results support expectations of dysphagia manifestation in PD although screening
practices may not adequately identify impairment. Future research should target specific laryngeal characteristics within this
population to better understand the physiological cause of swallowing impairment and developof targeted interventions.
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INTRODUCTION

Dysphagia in people with Parkinson’s disease
(PWPD) is associated with negative healthcare out-
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comes, decreased quality of life, and pneumonia
secondary to aspiration. Aspiration pneumonia is a
significant contributor to mortality rate in neurogeni-
cally impaired populations, especially in those with
PD [1, 2]. Dysphagia is a public health concern, as it
significantly increases costs for providers, increases
the length of stay for inpatients, and decreases
long-term health outcomes [3]. Studies have shown
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that delayed movement timing of swallow mechan-
ics contributes to increased laryngeal penetration
and aspiration in people with PWPD [4, 5]. These
impairments are likely associated with the sensori-
motor manifestations of PD among which include
bradykinesia and akinesia [6]. It stands to reason
that hypokinetic movements may impair swallow
related muscular function and decrease swallowing
safety in PWPD. Movements in PD can be substan-
tially slowed, reduced in amplitude, and/or delayed.
In swallowing this hypokinesia has been associated
with reduced pharyngeal contraction for food bolus
propulsion and delayed timing of laryngeal closure
for airway protection [7].

Airway penetration and/or aspiration are often
identified in PWPD, even with no or minimal com-
plaints of swallowing difficulty [8, 9]. The pathophys-
iological cause of decreased swallow safety in this
population is thought to be multifactorial including
poor bolus control, decreased esophageal function,
and somatosensory deficits [10, 11]. While laryn-
geal kinematics during swallowing, such as laryngeal
vestibule closure reaction and duration times, are
likely associated with dysphagia (specifically airway
invasion) in PWPD, they have not been investigated
until recently. Current evidence has shown that the
timing of airway closure was the strongest predictor
of airway invasion in non-advanced PD [12]. How-
ever, further knowledge of laryngeal function during
swallowing in PWPD is needed to more fully inform
our understanding of laryngeal impairment as the dis-
ease progresses and to inform treatment planning for
rehabilitation of swallowing function.

There is evidence that the perception of swallow-
ing impairment in PWPD is also impaired throughout
the stages of disease progression. For example, while
oropharyngeal dysphagia in non-advanced PD (e.g.,
Hoehn & Yahr stages I – III) may be present, many
PWPD are unaware of their swallowing difficulties
or their dysphagia symptoms may be self-perceived
as “benign” [13]. This leaves the possibility of aspi-
ration and subsequent sequelae as potential risks to
health, even in non-advanced stages of the disease
[14]. Dysphagia in non-advanced stages may also
be present at rates higher than previously expected.
A meta-analysis reported increases in dysphagia
diagnosis post instrumental assessment despite there
being no overt or subjectively reported dysphagia
symptoms at pre-assessment [15]. Extant literature
also supports the use of standardized measures for
detection of swallowing impairment in PWPD in
both advanced and non-advanced stages [16]. The

potential lack of self-awareness in the perception of
swallowing disturbances combined with increased
evidence of penetration and/or aspiration in non-
advanced stages supports the need to objectively
determine if there are measures or means to better
identify swallowing impairments in PWPD across the
continuum of progression.

The purpose of the current pilot study was twofold.
The first was to investigate the predictive ability of
swallow screening tools for identifying dysphagia in
PWPD in non-advanced stages. Our second purpose
was to identify how specific laryngeal kinematics
predict penetration and/or aspiration occurrence. We
hypothesized that scores from a validated swallow
questionnaire (Swallow Disturbance Questionnaire,
SDQ) [16] and a conventional screening method (3 oz
water swallow screening test, WSST) would be able
to predict the occurrence of penetration and/or aspi-
ration identified by instrumental assessment. We also
hypothesized that participants in our sample would
exhibit frequent occurrences of abnormal airway
invasion as measured by the Penetration Aspiration
Scale (PAS). We lastly hypothesized that laryngeal
kinematics, specifically laryngeal vestibule closure
reaction time (LVrt) and duration time (LVCd), would
predict the occurrence of larger (abnormal) PAS
scores.

MATERIALS AND METHODS

This study was approved by a university institu-
tional review board (IRB). 14 individuals diagnosed
with PD were recruited to participate. Inclusion cri-
teria consisted of: 1) diagnosis of idiopathic PD by a
neurologist, 2) current disease severity in stage I–III
based on the original H & Y scale [17] which has been
previously staged by the participants’ neurologist,
3) no previous diagnosis of dysphagia or treatment
for dysphagia by a healthcare professional, 4) no
comorbid neurological impairments not associated
with PD, and 5) no history of pneumonia or other pul-
monary/respiratory illness within the last two years.
Participants were considered to have no prior history
of dysphagia if there was no previous documenta-
tion of dysphagia evaluation or treatment contained
in the patient records obtained in accordance with
IRB protocols, which have been previously obtained
as part of an ongoing program of research in our
lab, as well as verbal confirmation by the sub-
jects. Inclusion criteria also necessitated self-reports
of dysphagia-symptoms on a swallowing symptom



M. Dumican and C. Watts / Predicting Airway Invasion 1155

questionnaire and was completed by the participants
during a previous visit to the research laboratory.
This questionnaire consisted of several general symp-
toms potentially related to swallow dysfunction. The
questionnaire asked participants how frequently they
experienced the dysfunction presented, including
items such as “Drooling” and “I cough when I eat
solid foods”. If the participants identified experienc-
ing at least one dysfunction, they were considered
eligible for inclusion into the present study assum-
ing all other inclusion criteria were met. Participants
were required to complete all consenting procedures
prior to enrolling in the study. All research activi-
ties took place on a university campus and a mobile
radiography unit.

Participants completed a self-report questionnaire
of their swallow function (SDQ), performed a 3 oz
water swallow screen test, and completed a VFSS.
Based on previous literature using the SDQ, the opti-
mal score for detecting dysphagia in PD is 11 [16].
However, this number is nonspecific as individuals
may only respond to important items regarding air-
way safety such as coughing frequently on liquids and
solid foods, yet not score above the dysphagia cutoff
score. The SDQ was therefore treated as a continuous
measure where individuals may report their dyspha-
gia on a continuum of symptoms, rather than needing
to meet a cutoff.

For the 3 oz WSST, positive responses (sug-
gestive of dysphagia) included (a) coughing, (b)
throat clearing, and (c) wet, gurgling vocal quality
were compared to baseline (e.g., prior to swallow-
ing water). This was aligned with previous literature
which utilized variations of the 3 oz WSST [3].
Participants were provided with 3 ounces of room
temperature water via cup, as measured by syringe,
and were cued to “drink the water as fast and as com-
fortably as they could on consecutive sips”. Previous
research has investigated the application of swallow-
ing speed with a water swallow protocol to detect
airway invasion [18, 19, 20], but with inconsistent
findings related to the measure of swallow speed dur-
ing this test. Therefore, while we did not specifically
measure swallow speed, the decreased synchrony of
the respiratory-swallow pattern in PWPD [18, 21]
may be used to identify episodes of aspiration caus-
ing an active airway response. Any positive sign of
airway invasion related to throat clearing, coughing,
or wet voicing after drinking were recorded as a “1”,
while no signs exhibited were recorded as “0”.

For the VFSS, all participants were asked to con-
sume three thin liquid bolus trials at increasing

volumes (10, 15, and 20 mL), three trials of 1 table-
spoon (tbsp) of pudding, and three trials of a regular
food texture (for which a cookie was used) that
were mixed and/or coated with barium (E-Z Paque).
For the thin liquid bolus swallows, participants were
instructed to place the whole bolus into their mouth,
hold, and then swallow when ready. Pudding and
regular texture boluses were administered to the par-
ticipant but swallow timing was not cued, allowing
patients to orally prepare the bolus that is typical for
their everyday swallow performance.

All VFSS were conducted via a mobile swallow-
ing/dysphagia assessment unit (Diagnostex, LLC,
Hurst, TX) on the university campus in order to
reduce additional travel burden for the participants.
All studies were recorded at 30 frames per second
(fps) in agreement with current literature [22]. All
swallow studies were conducted by a trained Speech-
Language Pathologist (SLP) who was blind to the
conditions and purposes of this particular study. The
principle investigator (PI) was present for all VFSS
studies to maintain fidelity of the methodology. All
swallow studies were recorded on de-identified digi-
tal recordings and analyzed at a later date.

Video analysis software Avidemux v. 2.7 was used
to gather the kinematic measures of laryngeal move-
ments. Two kinematic timing measures were obtained
from the VFSS recordings: laryngeal vestibule clo-
sure reaction time (LVrt) and laryngeal vestibule
closure duration (LVCd). These measurements have
been utilized in previous studies to assess physio-
logical timing events related to airway closure and
protection during swallowing [23]. LVrt was opera-
tionally defined as beginning with (a) the initial and
consistent anterior-superior burst of the hyoid and
ending when (b) the arytenoids contacted the under-
side of the epiglottis and the maximum extent of
laryngeal vestibule obstruction was observed. LVcD
was defined as beginning at (a) the moment of max-
imum obstruction of the laryngeal vestibule was
observed and ending when (b) the descent of the ary-
tenoids from the underside of the epiglottis began, as
seen by the reemergence of the vestibule. Both kine-
matic measurements, based on timing of movement,
were treated as continuous variables for our analysis.
The PAS [24] was applied to every swallow recording
of each participant. The PAS measured the degree of
laryngeal penetration and/or aspiration as judged by
the depth of bolus material entering the airway. It has
been used in previous literature to measure swallow
safety in people with PD [4, 25]. All timing mea-
surements were performed independently by the 1st
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Table 1
Interrater and intrarater reliability for LVrt and LVcD

Measurement (type) ICC 95% CI Sig. (p-value)

LVrt (Inter) 0.93 0.88 – 0.97 <0.001
LVCd (Inter) 0.94 0.91 – 0.97 <0.001
LVrt (Intra) 0.97 0.94 – 0.99 <0.001
LVCd (Intra) 0.98 0.97 – 0.99 <0.001

author and a second trained assistant so that measures
of inter- and intra-measurement reliability could be
obtained (Table 1). 30% of swallows were chosen at
random and remeasured by the second rater for all
kinematic measures.

All statistical analyses were performed in SPSS (v.
24). Descriptive statistics were computed to identify
demographic information including H&Y stage, age,
LVrt, LVcD, and PAS scores. A standard entry logistic
regression was performed to predict the probability
of identifying laryngeal impairment as a function of
the PAS from a preselected set of predictor variables
including: the SDQ, the 3 oz WSST, LVrt, and LVcD.
These predictor variables were specifically chosen a
priori to be included into the analysis based on the
projects aims and hypotheses. In order to conduct this
analysis, PAS scores were coded to reflect either a
“normal” and safe swallow (PAS score of 1 or 2), or
“abnormal” (PAS score > 3). This method has been
suggested as one of several appropriate approaches
with a logistic regression [26] and used in recent
work [12] to quantify the PAS. Receiver operating
characteristics (ROC) analysis was then performed
to produce an area under the curve (AUC) for sensi-
tivity and specificity of screening methods (SDQ and
3 oz WSST) for predicting those who are at risk of
dysphagia.

Reliability

A 30% randomly assigned remeasure of all kine-
matic timing measurements (LVrt and LVCd) was
performed by a second, trained, independent rater for
reliability measurement. A 30% remeasure was also
performed by the 1st author to obtain intrarater reli-
ability. Both inter- and intra-rater reliability for all
timing measures were classified as excellent based
on intraclass correlation coefficients (ICC) obtained.
Reliability values are presented in Table 1.

RESULTS

A total of 135 swallows across the 14 partici-
pants were included in the analysis and no swallows
were excluded. Descriptive statistics of the partici-

Table 2
Descriptive and demographic information

Descriptive categories Mean(±SD)/# of cases

Age 66 (9.8)
Hoehn and Yahr Stage* 2 (1)
Years post onset 4.77 (1.9)
LVrt 0.42 (0.22)
LVCd 0.46 (0.22)
3 oz Water Swallow Screen** Positive response: n = 1

Absent response: n = 13
SDQ scores 6.2 (3.9)
PAS scores 1–2: n = 81

3–8: n = 54

*Expressed as Median (Inter-Quartile Range); **Expressed in a
positive response or absent response.

Table 3
Logistic regression model predicting swallow function

Predictors � Wald Sig. (p-value) Odds ratio

LVrt 2.18 4.12 0.042 1.11
SDQ 0.156 8.7 0.003 1.17
LVCd –0.53 0.37 0.55 0.11
3 oz WSST –1.12 2.27 0.13 0.33

pant pool are shown in Table 2. A total of 7 males
and 7 females with PD participated. Participants had
a mean age of 66 years (SD ± 9.8), and a median
H&Y stage of 2 (IQR = 1) (Table 2). 40% of swallows
were considered abnormal (PAS score ≥3) and bolus
material in 27% of these swallows either reached
the level of the vocal folds or entered the trachea
(PAS scores 4–8) [26]. Mean LVrt & LVCd were 0.42
seconds (SD ± 0.22) and 0.46 seconds (SD ± 0.22),
respectively. There were no occurrences of incom-
plete laryngeal vestibule closure.

The regression model produced a significant
result above the constant model, χ2 (4) = 15.99,
p = 0.003, and Hosmer-Lemeshow Test of fit
(χ2 = 6.5, p = 0.592) indicated that our predictive
model accurately fit our data. Inspection of our corre-
lation matrix to assess multicollinearity between our
predictor variables indicated no R greater than 0.28.
This indicated there were high correlations between
predictor variables in the model, and we were able
to move forward with interpretation of our analysis.
Both LVrt (� = 2.18, p = 0.042, OR = 1.11) and the
SDQ (� = 0.156, p = 0.003. OR = 1.17) contributed
significantly to predicting abnormal swallow func-
tion in the sample. This indicated that in terms of
screening tools, the SDQ showed a significant abil-
ity to predict airway invasion, while the 3 oz WSST
(p > 0.05) did not. For kinematic measurements, these
results indicated that LVrt was able to significantly
contribute to predicting the occurrence of airway
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Fig. 1. AUC for SDQ detecting impaired swallow safety.

invasion while LVCd (p > 0.05) was not. A full model
summary is provided in Table 2.

ROC (Fig. 1) analysis revealed a significant result
and area under the curve for the SDQ of 0.67
(p < 0.001, 95% CI = 0.599 – 0.836). This indicated
that the SDQ was robust for identifying true positive
states related to abnormal swallowing. Our ROC anal-
ysis for the 3 oz WSST (Fig. 2), however, indicated
a nonsignificant result (A = 0.49, p > 0.05). This sug-
gested that in this particular sample of participants,
this water screen methodology was no better than
chance at detecting the potential penetration and/or
aspiration.

DISCUSSION

Questionnaire responses and VFSS findings

Dysphagia in non-advanced stages of PD can occur
without any subjective signs or reports of penetration
or aspiration [27]. Evidence has shown that many
individuals with PD, regardless of stage, are poor
and inconsistent self-reporters of dysphagia symp-
toms unless sufficiently prompted to intentionally
focus on the symptoms [28, 29]. Our study sought
to investigate how specific, non-invasive screen-
ing methodologies (questionnaire and water screen)
detected swallow safety related to laryngeal kine-
matics and penetration/aspiration in a population of
PWPD at non-advanced disease stages.

Fig. 2. AUC for 3 oz WSST detection of impaired swallow safety.

Our findings showed that for every unit increase
in perceptual SDQ scores there is a 17% increase
in the odds of experiencing swallow impairment as
confirmed with instrumental assessment. A mean
SDQ score of 6 in our sample may indicate that
while PWPD in non-advanced disease stages do not
report a critical cutoff score of 11, swallow impair-
ment characterized by impaired airway safety may
be present. Nienstedt et al. [29] recently reported that
when PWPD are provided with questions related to
swallow function from typical assessments, they are
unreliably and inconsistently reporting their symp-
toms. Questions utilized in published research have
provided limited specificity of dysphagia sympto-
mology. Questions that only include “difficulty with
pills” and “voluntary diet alterations” [30] or broad
queries of experience choking while swallowing [31]
may not be sensitive to the range of swallowing
symptoms experienced by PWPD. Despite different
outcome measures, Andres et al. [32] reported that
when PWPD indicated even a minimal degree of dys-
phagia when given the SDQ, 94% were measured
as exhibiting swallow impairment. Results from our
current study indicate a similar trend, that when
PWPD are provided with more specific sets of symp-
toms within a questionnaire such as the SDQ, those
who are experiencing dysphagia (as confirmed with
instrumental assessment) are more likely to perceive
and report the symptoms. This supports the need to
include comprehensive methods of dysphagia assess-
ments for PWPD in early disease stages.
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Water swallow screen and VFSS results

The 3-ounce water swallow test has shown high
sensitivity for detecting aspiration events in vari-
ous neurodegenerative populations, including PWPD
[33], and is recommended for inclusion in clinical
swallow assessments related to PD such as the SCAS-
PD [34]. A broad clinical swallow assessment such
as the SCAS-PD is recommended to detect those at
risk of aspiration. However, a precursor to a clini-
cal swallow assessment in many settings is the use
of a simple water screening, which can be adminis-
tered by various healthcare professionals including
SLP’s and nurses [35]. There are several variations
of the water swallow screen test that may be used,
which differ by either volume, consecutive or single
sips, or other metrics [3]. Our results indicated that in
non-advanced PD, the 3-ounce water swallow screen
protocol implemented was not effective at identifying
participants with impaired swallow safety. This sup-
ported the supposition that despite the water screen’s
low-cost and easy administration, the use of a speed-
based water swallow screen may not be effective for
identifying PWPD in non-advanced stages who are
experiencing dysphagia but have not yet been referred
for formal diagnostic assessment. Our findings agree
with Pflug et al. [19] that swallow speed ability in a
water screen test does not accurately reflect dysphagia
or aspiration risk. Different methodologies exploring
volume may be more sensitive to detecting aspira-
tion risk in PD [10]. Further studies with substantially
larger participant samples are needed to further inves-
tigate this phenomenon in PWPD at non-advanced
stages.

Airway invasion and laryngeal kinematics

Our findings indicated that a large proportion
(40%) of swallows in this study were abnormal (PAS
score ≥3) and of those abnormal swallows, 27%
either reached the level of the vocal folds or entered
the trachea (PAS scores 4–8). Literature has indicated
that PAS scores of 1 and 2 are within normal lim-
its, and in healthy older adults PAS scores >2 occur
rarely [36]. A much higher rate of abnormal swallows
even in a smaller sample suggested that changes in
laryngeal and airway responses are present in non-
advanced stages of PD. An important observation in
this study was that penetration and aspiration events
occurred multiple times across different swallows in
multiple participants. Considering this and the large
proportion of swallows that received “abnormal” PAS

categorization, these results were likely not due to a
single poor performer or isolated events.

Continuing research is needed to more fully under-
stand the contribution of LVrt and LVCd to airway
safety during swallowing in PWPD. Our findings
showed that LVrt was a significant predictor for more
severe penetration and aspiration events (e.g., higher
PAS scores). Our OR (1.11) for LVrt indicated a small
increase in the odds of an abnormal penetration or
aspiration event (11%) with slower LVrt times. It is
possible that the low OR is due to sample size as
our findings agree with recent work by Curtis et al.
[12]. Predictive models have also shown that other
kinematic factors including hyolaryngeal movement
are useful predictors for decreased airway safety in
PWPD [37] and warrant further investigation.

The detection of abnormal swallowing and
increased airway invasion in the non-advanced stages
of PD contributes to the body of knowledge about
dysphagia manifestation in this population. The iden-
tification of penetration and aspiration of material
into the airway during swallowing could have a
significant impact on screening approaches, assess-
ment methods, and directions for future therapeutic
research in PWPD at non-advanced stages. If dyspha-
gia in PWPD results from a combination of impaired
somatosensory responses coupled with slowed kine-
matic timing, results from our study suggest that
these impairments are occurring at a substantial rate
in PWPD at non-advanced stages, and across mul-
tiple swallows and bolus textures. Moreover, the
current level of screening methodologies (i.e., 3 oz
WSST) may not be sensitive enough to detect swal-
lowing changes in this subgroup of PWPD. From
a translational perspective, clinically relevant rec-
ommendations could include the use of a detailed
questionnaire to gather patient perceptions of swal-
low function as part of a comprehensive swallow
assessment. Future directions for research should
include investigating other aspects of laryngeal kine-
matics in non-advanced PD as well as considering
volume and consistencies of trials. Replication of this
study in healthy, older individuals is also needed to
determine if kinematic changes seen in PWPD are
due to disease process or aging.

Limitations of the study

Generalizations of the results from this pilot study
should be guarded for a number of reasons. As an
initial pilot study, the sample size for this particular
project was small. Therefore, translation related to
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non-significant findings such as the water screening
should be interpreted with caution. This small sample
only included PWPD at non-advanced stages of the
disease (H & Y I–III) which will limit the general-
ization of the current results to the larger population
of PWPD. However, data obtained from this study
can be used for future a priori power analyses to
determine appropriate sample sizes for subsequent
investigations.

This study only targeted two kinematic measures
of interest (LVrt and LVCd). Future studies in this
sample should investigate other kinematic measures
to determine spatial and temporal factors which
might also be contributing to decreased airway safety.
Although normal values related to LVrt and LVCd are
available, there were no healthy control participants
for comparison of timing measures or PAS scores to
examine changes in swallow safety.
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