1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
J Parkinsons Dis. Author manuscript; available in PMC 2016 March 31.

-, HHS Public Access
«

Published in final edited form as:
J Parkinsons Dis. 2016 January 29; 6(1): 197-208. doi:10.3233/JPD-150687.

Multimodal swallowing evaluation with high-resolution
manometry reveals subtle swallowing changes in early and mid-
stage Parkinson disease

Corinne A Jones®P¢ and Michelle R Ciucci&P.c
aDepartment of Surgery, Division of Otolaryngology, University of Wisconsin-Madison, Madison,
WI, USA

bDepartment of Communication Sciences and Disorders, University of Wisconsin-Madison,
Madison, WI, USA

®Neuroscience Training Program, University of Wisconsin-Madison, Madison, WI, USA

Abstract

Background—~Parkinson disease (PD) has detrimental effects on swallowing function.
Treatment options are largely behavioral; thus, patients would benefit from an earlier start to
therapy. Early swallowing changes in PD are not well-known, so patients do not typically receive
swallowing treatment until later in the progression of PD.

Objective—We used predictive modeling to determine what quantitative swallowing variables
best differentiate individuals with early to mid-stage PD from healthy controls.

Methods—~Participants included twenty-six individuals with early to mid-stage PD and 26
healthy, age- and sex-matched controls. Swallowing was evaluated by simultaneous high-
resolution manometry and videofluoroscopy as well as the Sydney Swallow Questionnaire (SSQ).
Binomial logistic regression was performed on 4 sets of data: 1) high-resolution manometry only;
2) videofluoroscopy only; 3) SSQ only; and 4) all data combined.

Results—A model from a combined data set had the highest accuracy in differentiating
individuals with PD from controls. The model included maximum pressure in the velopharynx
(soft palate), pressure variability in the velopharynx, and the SSQ item concerning difficulty with
saliva swallowing. No significant models could be generated using the videofluoroscopy data.

Conclusions—Individuals with PD show quantitative changes in pressure generation and are
able to self-assess aspects of swallowing function in the early and mid-stages of PD, even in the
absence of swallowing changes seen on videofluoroscopy. A multimodal approach for the
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assessment of swallowing may be more accurate for determining subtle swallowing changes that
occur in the early stages of PD.
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INTRODUCTION

Parkinson disease (PD) affects approximately 1% of the world population, with increasing
incident rates with age [1]. Difficulty swallowing (dysphagia) can occur in up to 100% of
patients with PD [2] and is a risk factor for aspiration pneumonia [3], the leading cause of
death in individuals with PD [4]. Other sequalae of dysphagia include malnutrition,
dehydration, and diminished quality of life [5]. Dopaminergic therapy and deep-brain
stimulation do not improve signs and symptoms of dysphagia in individuals with PD [6-11],
so standard of care for dysphagia treatment in these patients generally includes diet
modifications and behavioral therapy. However, treatment is often not initiated until the
patient is seen by a speech-language pathologist; this may not occur until late in the
progression of the disease, as many patients do not report symptoms despite having
dysphagia [2]. Early identification of swallowing deficits in individuals with PD may allow
for earlier, preventative intervention and thus improved health and quality of life outcomes
[12]. Nonetheless, swallowing changes in the early stages of PD are not well described.

Clinical evaluation tools are needed for the identification of subtle, sub-clinical changes in
swallowing function. Self-report measures may not be reliable in detecting changes in
swallowing function, especially those that ask only whether or not the individual experiences
difficulty swallowing [2, 13]. The standard for oropharyngeal swallowing evaluation is
videofluoroscopy, a video x-ray of the mouth and throat. A standard videofluroscopic
swallowing evaluation involves imaging the patient while chewing and/or swallowing a
bolus of food or liquid mixed with a contrast agent (typically barium sulfate). Analyses of
videofluoroscopy can include qualitative and/or quantitative measurements of: 1) bolus
trajectory, including airway invasion; 2) food or liquid residue in the oral or pharyngeal
spaces after swallowing: amounts and location; 3) patient sensitivity to airway invasion or
residue; 4) kinematics of oropharyngeal structures, such as the tongue, hyoid bone, larynx,
and upper esophageal sphincter; and 5) changes to swallowing function with modifications
to bolus texture, head position, or compensatory behaviors [5]. Evaluation with
videofluoroscopy in the clinic is mostly subjective with the exception of a few validated
methods [14-16], and even objective analysis may not be sensitive enough to reveal subtle
differences in swallowing function in patients with early to mid-stage PD [17].

High-resolution manometry (HRM) is a clinical procedure in which a thin, flexible catheter
is placed in the pharynx and esophagus for measurement of swallowing-related contact
pressure against the catheter’s closely-spaced pressure sensors. The output of HRM is
objective pressure data with high temporal and spatial resolution. HRM has the capability to
determine objective changes in swallowing pressure in patients with dysphagia [18-20].
HRM data is objective with good temporal and spatial resolution and thus can reveal subtle
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changes in swallowing-related pressure and timing events in patients in the early stages of
PD, before signs or symptoms of overt dysphagia appear. To date, no investigations of
oropharyngeal swallowing pressures using HRM have been completed in patients with PD.

Given the radiation exposure associated with videofluoroscopy and the relative invasiveness
of HRM, swallowing-specific questionnaires may be useful in screening for swallowing
disorders by healthcare providers not otherwise trained to evaluate swallowing function.
Questionnaires with items concerning swallowing have also been used in epidemiologic
studies of PD [21-23], and a patient’s perspective of his or her own swallowing function is
an important clinical outcome measure [24-28]. When asked a single question about
swallowing, such as on the Unified Parkinson Disease Rating Scale [29], patients with PD
do not always report difficulty swallowing that matches with an instrumented swallowing
evaluation [2, 30-32]. However, when asked specific questions regarding different aspects of
swallowing, questionnaires may be better able to detect symptoms of dysphagia [33-36].

A multimodal swallowing evaluation, combining elements of videofluoroscopy, HRM, and
explicit self-report measures may be a more robust method for the identification of subtle
changes in swallowing function than each evaluation independently. The purpose of this
study was to use predictive modeling to determine what quantitative swallowing variables
differentiate individuals with early and mid-stage PD from healthy controls using
videofluoroscopy, HRM, and a swallowing-specific questionnaire. We hypothesized that
individuals with PD would exhibit quantitative differences in swallowing physiology
measurable by HRM and that a combination of a multimodal swallowing evaluation would
improve the predictive power of the models generated.

MATERIALS AND METHODS

Participants

Participants with PD included 26 individuals in the early and mid-stages of the disease
(modified Hoehn & Yahr 1-3 [37]), 13 male, ages 50-88 years (mean age: 69 + 10.6 years
for males & females). All participants with PD were in the ON stage of medication during
participation in study activities. Health and demographic information for each participant
with PD can be found in Supplementary Table 1. Diagnosis of PD was confirmed by
neurologist report and staging was completed by a physician member of the study team.
Participants with PD were without any comorbidities that may have impacted swallowing
function (e.g., dementia, stroke, head & neck cancer), confirmed by medical chart review
and participant interview. Healthy control participants included 26 age and sex-matched
individuals, 13 male, ages 49-86 years (mean age: 69.8 + 10.7 years for males and females).
Healthy participants were without swallowing, respiratory, neurological, or gastrointestinal
disorders, based on participant interview. Power was calculated from results from Sung, et
al. (2010). For an effect size and power of 0.8, 16 subjects per group are needed. Given the
heterogeneity of the PD population, we decided to include additional subjects per group. All
participants gave informed consent under the approval of the University of Wisconsin —
Madison Institutional Review Board, and the study was conducted in accordance with the
Helsinki Declaration of 1975.
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Equipment and Procedure

Sydney Swallowing Questionnaire—Prior to the swallowing evaluation, each
participant completed the Sydney Swallow Questionnaire (SSQ). The SSQ is a 17-item,
visual-analog scale questionnaire intended to elicit an individual’s perception on many areas
of their swallowing performance (e.g., difficulty swallowing thin liquids, thick liquids,
pastes, dry solids, etc.) [33]. The values from each question range from 0-100 and are
summed for a maximum possible score of 1,700. Higher scores indicate a higher level of
perceived dysfunction. The SSQ has been validated for use in patients with PD [33], and the
range for healthy is between 10-235 [38].

High-resolution manometry—High-resolution manometry and videofluoroscopy were
performed simultaneously. Swallowing pressures were recorded with a high-resolution
manometry system (ManoScan360 High-Resolution Manometry System, Given Imaging,
Atlanta, GA). The manometric catheter is comprised of 36 solid-state, circumferential
pressure sensors, spaced 1 cm apart. The outer diameter of the manometric catheter is 2.75
mm. The system records pressures at 50 Hz from —20 mmHg to 600 mmHg with 2 mmHg
fidelity. The manometric catheter was calibrated before each use according to manufacturer
specifications. Participants were seated upright for the entire procedure. The participant’s
nasal passage was lightly anesthetized with topical 2% viscous lidocaine hydrochloride (<
0.5 mL). The manometric catheter was placed through the nasal cavity and pharynx into the
cervical esophagus. Videofluoroscopy was used for confirmation of correct placement and
identification of the manometric sensors that fell in each pharyngeal region of interest [39].
Participants rested for 5 minutes in order to adjust to the manometric catheter before
performing experimental swallows.

Videofluoroscopy—Continuous videofluoroscopy was recorded in the lateral plane (OEC
9900, General Electric, Fairfield, CT), with the following boundaries: incisors anteriorly,
cervical spine posteriorly, nasal edge of the soft palate superiorly, and the cervical esophagus
inferiorly. Video was digitized and recorded on a DVD+RW at 30 frames/second
(DVO-1000MD, Sony, Park Ridge, NJ). Videofluoroscopic and manometric data were
captured simultaneously with the use of a time code embedded into the videofluoroscopic
signal (UTG-50, Horita, Mission Viejo, CA). With the head in a neutral position,
participants swallowed 10 trials of 10 mL thin-liquid barium at a 40% weight-to-volume
ratio (Varibar, Bracco Diagnostics, Monroe Township, NJ). Boluses were presented via
syringe, and participants were instructed to hold the bolus in the mouth until hearing a cue to
swallow from the examiner. A 10 mL thin-liquid bolus was chosen due to its tolerability and
due to previous reports of its sufficiency to differentiate healthy swallowers from those with
PD [9, 40-45]. In order to reduce exposure to radiation, videofluoroscopy was cued on and
off by a study team member, ensuring that the entire swallow was captured without any extra
exposure.

Data Analysis

The SSQ was scored according to the developers’ instructions [33]: the participant’s
marking on the line was measured with a clear, plastic ruler from the left edge of the line and
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recorded in mm. Markings that fell in between mm lines on the ruler were rounded up to the
nearest mm.

Manometric data were analyzed off-line using customized Matlab programs (The
MathWorks, Natick, MA); the user was masked to condition. A validated, semi-automatic
program was used to calculate the pressure durations, maximum amplitudes, and pressure
integrals (areas under the curve) in the velopharynx and mesopharynx, as well as pressure
nadir durations, minimum opening pressure, and maximum closing pressure in the upper
esophageal sphincter [46] (Figure 1). The velopharynx is a region of swallowing-related
pressure that spans 2-3 cm and is related to the soft palate closing against the contracting
pharyngeal walls [39]. The upper esophageal sphincter is a region of high pressure at
baseline, a decrease to a nadir pressure during opening, and then an increase in pressure
following bolus flow with a gradual return to baseline pressure [47]. The mesopharynx is the
region of pressure between the velopharynx and upper esophageal sphincter, with pressure
contributions from the tongue base, pharyngeal walls, and laryngeal structures [46]. Pressure
variability was measured in the following manner: 1) a zero time-point was assigned to the
pressure peak on the most superior sensor in the velopharynx for each swallow; 2) pressure
waveforms from each sensor were aligned across swallows according to the zero time-point;
3) a coefficient of variation (CV = mean/standard deviation) was calculated on each sensor
from the onset to offset of swallowing-related pressure change; 4) CVs were averaged over
each sensor in the following regions: velopharynx, mesopharynx, and upper esophageal
sphincter; and 5) CVs averaged over each region were summed into a single, overall
pressure variability parameter. Reliability analysis was not performed for this study, but we
have shown that our methods for extracting HRM measures is reliable between expert users,
speech-language pathologists, and undergraduate research assistants [48].

A modified version of the Modified Barium Swallow Impairment Profile (MBSImP) [14]
was used to analyze videofluoroscopy. Each swallow was scored on the following MBSImP
parameters: initiation of pharyngeal swallow, laryngeal elevation, anterior hyoid excursion,
epiglottic movement, pharyngeal stripping wave, pharyngoesophageal sphincter opening,
tongue base retraction, and pharyngeal residue. Additionally, a Penetration-Aspiration Scale
[49] score was given for each swallow. Each swallow was scored by 2 trained raters masked
to condition and discrepancies were re-scored by the first author.

Statistical Analysis

Binomial logistic regression was used to determine which swallowing parameters are most
influential in determining the difference between our two groups: PD and healthy control.
All continuous variables that did not follow a normal distribution were transformed using

log or rank functions. A forward/backward model selection process was run using the
Bayesian Information Criterion (BIC) to choose the best-fitting model; a low BIC indicates a
better fit with fewer parameters in the model. Once a model was selected, parameters in the
model were tested for multicollinearity using the Pearson product-moment correlation.
Parameters that were significantly correlated with other parameters were removed from the
model, leaving the model with the lowest BIC. Accuracy of the model to determine group
membership was calculated by measuring the area under the receiver operating characteristic
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(ROC) curve. All statistical analyses were completed using R software packages (R
Foundation, Austria).

RESULTS

Four models were generated, with varying parameters available for model selection: 1)
HRM parameters only; 2) videofluoroscopy parameters only; 3) swallowing questionnaire
parameters only; and 4) all parameters available. Parameter estimates and goodness of fit
data for each model can be found in Table 1. Group data for all measures are in Table 2.

With only HRM parameters available for model selection, a significant model was generated
with two predictor variables: maximum pressure in the velopharynx, and pressure CV in the
velopharynx (p= 0.004). No significant models were able to be generated with only
videofluoroscopic parameters (p = 1.0), indicating that the videofluoroscopic parameters in
this study were not adequate to sufficiently differentiate between patients with PD and
healthy controls (additionally, see Table 2). With only questionnaire data available for model
selection, a significant model was generated from Question #17: “How much does your
swallowing problem interfere with your enjoyment or quality of life?” (p < 0.001) [33].

With all parameters available for model selection, a significant model was generated with
three predictor variables: maximum pressure in the velopharynx, pressure CV in the
velopharynx, and Question #7 on the Sydney Swallow Questionnaire: “Do you have any
difficulty swallowing your saliva?” (p < 0.001) [33]. The statistical software had originally
generated this model with 6 SSQ items: questions 5, 6, 7, 8, 10, 12, and 13 (see Table 2 for
definitions); however, all of the SSQ parameters were correlated with each other, and
inclusion of only SSQ #7 generated the model with the lowest BIC. Group data for
parameters included in the models from Table 1 are presented in Figure 2, and an illustration
of pressure variability (CV) in the velopharynx is in Figure 3.

DISCUSSION

This is the first study to evaluate swallowing pressures in patients with PD using high-
resolution manometry. While no videofluoroscopy parameters sufficiently differentiated
between patients with PD and healthy controls, both high-resolution manometry and the
Sydney Swallow Questionnaire parameters were included in significant logistic models. In
the absence of videofluoroscopic signs of dysphagia, HRM and targeted self-report (SSQ)
may be able to detect subtle changes in swallowing function as dysphagia emerges in PD.
Despite the inherent limitations to statistical modeling and the relatively small sample size,
HRM and the SSQ shows promise to illuminate subtle changes in the swallowing
mechanism in a heterogeneous group of patients with PD.

Videofluoroscopy may not be the most sensitive tool for the evaluation of swallowing-
related changes in the earlier stages of PD. A significant logistic model differentiating
patients with PD and healthy, age and sex-matched controls could not be generated given
only the MBSImP parameters measured in this study. A similar lack of differentiation is
reflected in another study of objective timing and movement data from videofluoroscopy in
a group of patients with PD in stages similar to that in the present study [50]. That study
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revealed, out of 30 parameters evaluated, only a difference existed in timing of
velopharyngeal closure between patients with early to mid-stage PD and healthy, age and
sex-matched controls [50]. A similar objective analysis, if performed in the present study,
may have resulted in similar findings. A limitation of the present study is that we only
evaluated the pharyngeal stage of 10 mL swallows of thin liquid; it is possible that larger or
thicker consistencies that challenged the oral phase of swallowing may have revealed group
differences not otherwise seen. It is likely that, in the early and mid-stages of PD, the
amplitude of pharyngeal kinematic movement has not been greatly affected by PD
neuropathology, but that subtle changes in motor planning and force generation are some of
the first areas of swallowing function to be affected.

Between-individual pharyngeal swallowing variability is well-recognized [51-61], but
within-individual pharyngeal swallowing pressure variability during a repeated task appears
to be a novel measurement parameter that may be powerful in distinguishing healthy
behavior from dysphagia. Within-individual motor variability in patients with PD has been
described in limb forces and movements [62—-69] and in gait [70-76], but this is the first
study to describe swallowing pressure variability in the same patient population (CV in the
velopharynx). Although the model with the best fit in this study only included pressure
variability in the velopharyngeal region, pressure variability appears increased in all regions
of interest in the group of patients with PD (Table 2). It is currently unclear how pharyngeal
pressure variability relates to overall swallowing function. At the very least, identification of
increased pharyngeal pressure variability in a patient with PD may result in periodic follow-
up by a speech-language pathologist until more overt dysphagia signs and symptoms arise.
Future work may reveal predictive components from pharyngeal pressure variability that
may identify patients who could benefit from early, preventive swallowing therapy. Further
investigations of swallowing pressure variability should also include evaluations of
esophageal pressures, given the prevalence of esophageal dysmotility in PD [77]. Given the
sensitive and objective nature of HRM, swallowing pressure variability may be used to
identify subtle changes in swallowing function before overt signs of dysphagia are present
on videofluoroscopy.

Complete velopharyngeal closure during swallowing prevents food and liquid from entering
the nasal cavity and allows for a closed system for applying pressure to the bolus [78]. In the
participants with PD, pressure in the velopharynx was less than that of age-matched
controls. However, the pressure range seen in this group does not deviate from mean
velopharyngeal pressure previously reported in groups of younger healthy swallowers: 124—
169 mmHg [19, 39, 79-82]. It is worthwhile to note that while there was a difference seen in
maximum amplitude of pressure generated in this region, there does not appear to be a large
difference between groups in the velopharyngeal pressure integral (Table 2), which represent
a measure of total pressure generated in this region. The difference in these two
measurements may reflect a compensatory mechanism by the participants with PD to
generate adequate pressure in the region while not achieving the same maximum pressure.

The single item from the Sydney Swallow Questionnaire that best differentiated between
people with PD and healthy controls was in regards to swallowing-related quality of life.
This has very important clinical implications; patients with PD may notice and may be
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personally affected by changes in their swallowing function before such changes are evident
on videofluoroscopy. Such complaints should be addressed by healthcare providers at any
stage of the disease process, even in the absence of overt signs of dysphagia. When
combined with swallowing pressure data, the one item from the SSQ that differentiated
between the two groups in the present study concerned difficulty swallowing saliva.
Drooling is a common occurrence in PD, as well as other aspects of saliva production [83],
and although the scores for this item from the group with PD were not particularly high on
the SSQ scale, the combination of these scores and the HRM parameters in the model
sufficiently differentiated between groups. Feelings of difficulty swallowing saliva and
reduced swallowing-related quality of life may indicate early, subjective identification of a
common problem in PD and should be addressed early in disease management. The mean
total score for our healthy control group matches that of another study using the SSQ in
healthy individuals throughout the age range, and the mean total score of the individuals
with PD fell slightly above the upper limit of the normal range [38]. Miller and colleagues
[13] report that an unspecific, binary question such as “Do you have any difficulty
swallowing?” in patients with PD may not be a reliable indicator of swallowing function.
Given the findings in the present study, it may be the case that more directed questions with
a visual-analog scale answering system, such as with the Sydney Swallow Questionnaire,
can be sensitive enough to determine differences between groups of individuals with PD and
healthy controls.

CONCLUSION

Swallowing changes in the early and mid-stages of PD may be subtle and thus difficult to
identify. Our study investigated swallowing pressures, pharyngeal kinematics, and
swallowing self-assessment and found that maximum pressure and pressure variability in the
velopharynx, along with patient-reported accounts of saliva swallowing was sufficient to
differentiate a group of individuals with early to mid-stage PD from healthy age and sex-
matched controls. A combination of pressure and questionnaire data more accurately
differentiated between groups than either method alone. The lack of significant group
differences using videofluoroscopy occurred because it may not be sensitive enough to
detect early, sub-clinical changes in swallowing function within thin liquid swallows. The
detection of swallowing pressure and self-assessment changes in the early stages of PD has
the potential to improve swallowing-related treatment strategies by intervening at an earlier
time point, allowing for maintenance of function (prevention) and thus potentially improving
long-term outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figurel.

Simultaneous videofluoroscopy with anatomical referents (left) and high-resolution
manometry with pressure-related regions of interest (right). Velopharyngeal pressure relates
to pressure generated from the soft palate and pharyngeal constriction. Hypopharyngeal
pressure relates to pressure generated in between the tongue base and upper esophageal
sphincter. Upper esophageal sphincter may cover up to 6 pressure sensors due to movement

of pharyngeal and laryngeal structures during swallowing.
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Figure 2.
Box plots of parameters included in logistic models. Parameters shown in A and B were

included in models | and IV in Table 1. Parameter shown in C was included in model 1V
from Table 1, and parameter shown in D was included in model 111 from Table 1. SSQ =
Sydney Swallow Questionnaire.
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Figure 3.
Example of velopharyngeal pressure variation from one participant from the control group

and one participant with PD. Each solid line represents a pressure wave from a single
swallow, and the black dashed line represents the mean over 10 swallows of 10 mL thin
liquid. Coefficient of variation was calculated from the time the first pressure wave rose
from baseline until the last pressure wave returned to baseline.
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Table 1

Logistic model estimates and goodness of fit.

I. High Resolution Manometry Parameter s Only: Group ~ VP maximum pressure + VP Coefficient of Variation

Estimate Standard Error Z-value P-value
I nter cept 3.18 1.26 2.54 0.012
VP max pressure -0.02 0.01 -2.35 0.019
VP CV 0.99 0.47 2.10 0.035
BIC 73.08
Overall p-value 0.004
Areaunder ROC curve 0.747 (95% Cl: 0.612 — 0.882)

11. Videofluor oscopy Parameters Only: Group ~ (intercept)

Estimate | Standard Error | Z-value | P-value

I nter cept 0 0.28 0 1
BIC 76.04
Overall p-value 1

Areaunder ROC curve

0.5 (95% CI: 0.5 - 0.5)

111. Questionnaire Parameters Only: Group ~ SSQ #17

Estimate | Standard Error | Z-value | P-value

I nter cept -2.72 0.78 -3.48 <0.001
SSQ #17 0.10 0.03 3.79 <0.001
BIC 59.64

Overall p-value <0.001

Areaunder ROC curve

0.828 (95% CI: 0.720 — 0.937)

Page 17

Variation + SSQ # 7

1V. High Resolution Manometry, Videofluoroscopy, and Questionnaire Parameters Group ~ VP maximum pressure + VP Coefficient of

Estimate Standard Error Z-value P-value
I nter cept 2.38 1.66 1.43 0.15
VP max pressure -0.03 0.01 -2.81 0.005
VP CV 1.64 0.70 2.35 0.019
SSQ #7 0.16 0.05 3.27 0.001
BIC 52.90
Overall p-value <0.001
Areaunder ROC curve 0.919 (95% CI: 0.848 — 0.990)

VP = velopharynx; CV = coefficient of variation; BIC = Bayesian Information Criterion; ROC = receiver operator characteristic; SSQ = Sydney

Swallow Questionnaire.
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Group data for each parameter measured, reported as mean + standard error of the mean. Videofluoroscopy
parameters were measured on an ordinal scale, with higher values indicating a greater degree of impairment
[14, 49]. The Sydney Swallow Questionnaire is a visual-analog scale ranging from 0-100 with higher values

indicating a greater degree of impairment, with a highest possible score of 1700 [33].

Healthy Controls | Parkinson Disease
High Resolution M anometry Parameters
VP pressure duration (sec) 0.86 £ 0.04 0.85+0.05
/P maximum pressure (mmHg) ™ 183.9+9.7 150.2 + 10.1
VP integral (mmHg*sec) 143.6+12.4 133.2+15.6
VP coefficient of variation ™™ 064011 1.02£0.21
MP pressure duration (sec) 0.74 £0.04 0.77 £ 0.05
MP maximum pressure (mmHg) 163.5+8.6 149.7 + 12.63
MP integral (mmHg*sec) 134.56 + 10.0 143.5+23.9
MP coefficient of variation 0.97£0.14 1.6+0.28
UES minimum pressure duration (sec) 0.53+0.04 0.56 + 0.03
UES minimum pressure (mmHg) -59+09 -31+£10
UES maximum pressure (mmHg) 223.0+13.1 200.1+8.5
UES coefficient of variation 0.63 +0.06 1.06 +0.23
Total coefficient of variation 4.66 + 0.42 7.62 £1.07
Videofluor oscopy Parameters
Initiation of pharyngeal swallow (0-4 scale) 0.8+0.2 09+0.2
Laryngeal elevation (0-3 scale) 02+0.1 0.1+0.1
Anterior hyoid excursion (0-2 scale) 02+0.1 02+0.1
Epiglottic movement (0-2 scale) 01+0.1 02+0.1
Pharyngeal stripping wave (0-2 scale) 02+0.1 02+0.1
UES opening (0-3 scale) 02+0.1 03+0.1
Tongue base retraction (0-4 scale) 0.8+0.1 1.1+01
Pharyngeal residue (0-4 scale) 13+0.1 15+0.1
Penetration-aspiration scale (1-8 scale) 1.2+01 15+0.1
Sydney Swallow Questionnaire

1: Difficulty with swallowing at present 44+17 15325
2: Difficulty swallowing thin liquids 50+3.9 45+10
3: Difficulty swallowing thick liquids 32+22 9.0+2.8
4: Difficulty swallowing soft foods 1.1+05 70+19
5: Difficulty swallowing hard foods 57+26 20.5+4.0
6: Difficulty swallowing dry foods 52+26 195+4.0
7: Difficulty swallowing saliva ™™ 08+04 49+11
8: Difficulty starting a swallow 22+08 79219
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Healthy Controls | Parkinson Disease
9: Feeling of food stuck in throat 10.8+34 215+37
10: Coughing/choking when swallowing solids 70+22 153+3.2
11: Coughing/choking when swallowing liquids 8727 11.0+27
12: Duration of an average meal 12.7+22 17.7+£23
13: Food or liquid goes into or comes out of nose 08+04 6.0+2.0
14: Need to swallow more than once per bite 51+18 21.0+£3.9
15: Cough or spit out food during a meal 25+09 9.3+25
16: Rate the severity of swallowing problem today 32+12 140+24
17: How much swallowing problem interferes with enjoyment or quality of life ™ 14+05 16.6+4.8
Total Score 79.7+20.2 251.2+344
VP = velopharynx; MP = mesopharynx; UES = upper esophageal sphincter;

Hok

indicates parameter included in the one of the models from Table 1.
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