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Abstract

Pharyngeal area can increase as a function of normal healthy aging and muscle atrophy. These increases in pharyngeal area
can negatively affect swallowing function in healthy older adults (HOA). However, the presence of pharyngeal area changes
and their effects on swallowing function in Parkinson’s disease (PD) remain unknown. Therefore, we compared the phar-
yngeal area of people with PD to HOA to determine if pharyngeal area changes were present in PD above and beyond what
is seen in HOA. Within PD, we also evaluated if and how an increase in pharyngeal area affects swallowing kinematics,
swallowing safety, and swallowing efficiency. A secondary analysis of videofluoroscopic swallow studies was completed
comparing 41 HOA and 40 people with PD. Measures of pharyngeal area, swallowing kinematics, swallowing safety (pen-
etration/aspiration), and swallowing efficiency (residue) were analyzed. An analysis of covariance (ANCOVA) was used to
determine if pharyngeal area was significantly different between the HOA and PD groups while controlling for age, sex, and
height. Regression analyses were used to examine if and how pharyngeal area influenced swallowing kinematics, swallowing
safety, and swallowing efficiency in PD. Pharyngeal areas were significantly larger for people with PD when compared to
HOA (p=.008). An increase in pharyngeal area was associated with less pharyngeal constriction (p=.022), shorter duration
of airway closure (p=.017), worse swallowing safety (p <.0005), and worse swallowing efficiency (p=.037). This study
revealed that pharyngeal areas are larger in people with PD when compared to HOA, and that this increase in pharyngeal
area is associated with maladaptive changes to swallowing kinematics, residue, and penetration/aspiration. These findings
support the notion that pharyngeal muscle atrophy may be exacerbated in PD above and beyond what is seen in normal,
healthy aging group. Results from this study highlight the need to consider pharyngeal muscle atrophy as a source for swal-
lowing dysfunction in PD, and as a potential treatment target for swallowing rehabilitation.
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Introduction

Parkinson’s disease (PD) is a highly prevalent neurodegen-
erative movement disorder that has been reported to result
in dysphagia in approximately 82% of individuals at some
point during the disease process [1]. Dysphagia increases
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total healthcare costs for affected hospitalized patients by
an estimated 40% (~ $13,000 USD), increases hospital stays
by approximately 3-5 days, and has a nationwide estimated
economic impact of $547 million USD [2]. In addition, the
presence of dysphagia increases the risk of developing seri-
ous medical conditions such as malnutrition, dehydration,
and aspiration pneumonia [3]—a leading cause of death in
PD [4].

The pathophysiology underlying dysphagia in PD is
thought to be multifactorial in nature and caused by deficits
to sensorimotor processing [5—7], motor control [8—13], and
peripheral muscle weakness [14—16]. However, the relative
contribution of each of these to disordered swallowing out-
comes in PD has not been identified. This gap in our under-
standing remains a significant barrier to the identification of
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robust treatment targets for swallowing rehabilitation, and
ultimately, long-term health outcomes.

Peripheral muscle weakness is likely one contributing
factor to the development of dysphagia in PD. This is sup-
ported in part by findings from the limb literature. Research-
ers have identified that people with PD commonly present
with reduced strength of the arms, legs, and trunk, and that
these changes in strength are associated with functional
impairments in balance, gait, and locomotion [17-19].
Over the years, these findings have led to the development
of strength training rehabilitation programs for people with
PD, which have been found to improve strength and related
motor control impairments [20, 21].

Pharyngeal muscle atrophy has been identified as a natu-
rally occurring biological process in healthy older adults
(HOA). It is appreciated as an increase in pharyngeal vol-
ume, as measured with acoustic pharyngometry, and as
increases in pharyngeal area, as measured with fluoroscopy
and computed tomography [22-25]. When present, these
pharyngeal anatomic changes can negatively affect swal-
lowing function. HOA with larger pharyngeal cavities dem-
onstrate worse pharyngeal constriction and greater amounts
of postswallow residue when compared to HOA with smaller
pharyngeal cavities [26]. However, the presence of pharyn-
geal anatomic changes in PD and their potential impact on
swallowing function remain unstudied.

Therefore, the aims of this study were to: (1) determine
if changes in pharyngeal area were present in PD above and
beyond what is seen during healthy aging by comparing dif-
ferences in pharyngeal areas between people with PD and
HOA; and (2) determine if and how changes in pharyngeal
area affect swallowing kinematics, swallowing safety, and
swallowing efficiency in PD.

Methods
Participants

A secondary analysis of videofluoroscopic swallow studies
(VESS) was completed comparing HOA and people with
PD from two separate prospective studies [26, 27]. All par-
ticipants signed an informed consent and were treated in
accordance with the guidelines and ethical standards of the
New York University and the University of Florida Institu-
tional Review Boards (IRB). Approval for the HOA data-
set [26] was granted from the New York University IRB
(#FY2016-882), and approval for the PD dataset [27] was
granted from the University of Florida IRB (#537-2012).
Participants from the HOA dataset were recruited from
local community centers, while participants from the PD
dataset were recruited based on a diagnosis of idiopathic
PD. Exclusion criteria for both groups included any history
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of stroke, head and neck cancer, or respiratory diseases/
disorders. Demographic information was recorded for each
participant and included the following (as appropriate): age,
sex, height, disease duration, L-dopa equivalent dose, Hoehn
and Yahr Stage (HYS) [28], and Unified Parkinson’s Disease
Rating Scale (UPDRS) [29]. A fellowship-trained movement
disorders neurologist made the diagnosis of PD, completed
the HYS and UPDRS, and calculated the L-dopa equivalent
dose for all participants in the PD group.

Swallowing Evaluations
Healthy Older Adults

The full VFSS protocol for the HOA included 12 self-admin-
istered, noncued barium boluses (Varibar; Bracco Imaging);
however, only the 5 cc of the noncued ultrathin liquid barium
boluses (20% w/v) was included in this analysis. The VF
data were collected on a GE Advantix digital fluoroscope
(GE Healthcare) at a pulse rate of 30 pulses per second
and a capture rate of 30 frames per second (Digital Swal-
lowing Workstation, model 7100, Lincoln Park, NJ: Kay
Elemetrics).

Parkinson’s Disease

All VFSS evaluations were completed with participants
during the “on” stage of their PD medication (i.e., approxi-
mately 1 h after medication). The full VESS protocol for the
PD group included: two 5 cc thin liquid; one self-adminis-
tered (nonmeasured) thin liquid cup sip; one 90 cc serial
liquid cup sip; one 5 cc semisolid by teaspoon; and, a dry
solid cracker with barium semisolid for contrast. Forty per-
cent w/v Varibar Barium Sulfate Suspension was used for
all liquid boluses, and Varibar Pudding oral paste was used
for the semisolid boluses. With the exception of the first 5 cc
bolus, all swallows were “noncued” boluses to avoid changes
associated with cued swallowing [12, 30]. A high resolu-
tion, videofluoroscopic recording device was used for signal
acquisition (Digital Swallowing Workstation, model 7100,
Lincoln Park, NJ: Kay Elemetrics). Images were captured in
the lateral viewing plane, using a continuous image captur-
ing rate of 30 images per second, with a magnification of X 1.
Recordings were uploaded into ImageJ software (http://rsb.
info.nih.gov/nih-image) for frame-by-frame fluoroscopic
analysis.

Outcome Measures

Measurement methodologies for the outcome measures are
described below. Pharyngeal area was measured for both the
PD and HOA groups in order to examine if differences were
present between the two groups. Swallowing kinematics,
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swallowing efficiency, and swallowing safety were only
measured for the PD group in order to determine how
changes in pharyngeal area impacted swallowing function.

Pharyngeal Area

Normalized pharyngeal area was measured using two-
dimensional fluoroscopic images and techniques described
by Stokey et al. [31] (Fig. 1). This measure involved tracing
the pharynx while at rest (i.e., following completion of a 5 cc
noncued thin liquid swallow). The area of the pharynx was
then normalized to the height of each participant by express-
ing the pharyngeal area as a percentage of the squared the
length from the anterior—inferior points of cervical spine two
to cervical spine four (%C2-C4%). Normalized pharyngeal
area was measured for both the HOA and the PD groups.

Swallowing Kinematics

Assessment of swallowing kinematics was completed dur-
ing the 5 cc noncued thin liquid boluses. In total, ten spatial
and temporal swallowing kinematics of the pharynx, lar-
ynx, and pharyngoesophageal segment (PES) were analyzed,
including

Fig. 1 Normalized pharyngeal
area at rest (PA_): area outlin-
ing the pharynx at rest (white
line), expressed as a percentage
of the squared length of C2-C4
(black, dashed square). This is
measured by tracing along the
posterior wall from starting
from the level of the top of C2
superiorly, and then continuing
inferiorly to the piriforms, along
the aryepiglottic folds, around
the free end of the epiglottis and
valleculae, and along the base
of tongue

1. Peak hyoid position (Hpe,) [32]

2. Peak laryngeal position (Lpeak) [26]

3. Maximal laryngeal constriction area normalized
(MLCAn)

4. Maximal pharyngeal constriction area normalized
(MPCAn) [31]

5. Maximal PES displacement (PES,,,) [33]

6. Onset of hyoid displacement (H..) [34]

7. Onset of laryngeal vestibule closure (LVC,.,)

8. Duration of hyoid movement (HMD) [34]

9. Duration of laryngeal vestibule closure (LVC g, 4i0n)

[34]
10. Duration of PES opening (PES y,..ion) [34]

All spatial kinematic measures used the cervical spine
as an anatomic scalar to normalize for differences in
heights between participants. To measure laryngeal ves-
tibule closure, a novel measurement methodology was
developed—“normalized maximal laryngeal constriction
area” (MLCAn). MLCAn was obtained by (1) identifying
the video frame during maximal laryngeal constriction;
and then (2) outlining any unobliterated air space and/
or barium contrast visible within the laryngeal vestibule.
Like pharyngeal area, MLCAn was then expressed as a
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percentage of the squared length from C2-C4 (i.e., %C2-
C4?; Fig. 2).

Swallowing Efficiency

Swallowing efficiency was measured for 5 cc semisolid
boluses using the bolus clearance ratio (BCR) [35]. The
BCR was measured by first outlining the area of the bolus
visible in the pharynx immediately prior to pharyngoesopha-
geal segment (PES) opening, and then outlining the area of
the bolus visible in the pharynx immediately following PES
closure (Fig. 3). These two measures were then expressed as
aratio to each other. A larger BCR value indicated less bolus
clearance (i.e., greater postswallow residue) and therefore,
worse swallowing efficiency.

Swallowing Safety

Swallowing safety was captured using the Penetration—Aspi-
ration Scale (PAS) [36]. This 8-point scale was used to char-
acterize the presence of, depth, and reaction to airway inva-
sion. The higher the PAS score, the worse the swallowing

Fig.2 Maximal laryngeal
constriction area normalized
(MLCAn): area outlining any
unobliterated space within the
laryngeal vestibule during the
frame of maximal constric-

tion seen during the swallow,
expressed as a percentage of
the squared length of C2-C4
(%C2-C4%). This is measured by
outlining any unobliterated air-
space or barium contrast within
the boundaries of the epiglottic
petiole superiorly and anteriorly,
the vocal folds inferiorly, and
the arytenoids and aryepiglottic
folds posteriorly
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safety. The ‘worst PAS’ score identified over the full VFSS
protocol was applied in this analysis.

Statistical Analysis

Statistical analyses were conducted using IBM SPSS Statis-
tics for Macintosh, Version 25.0 (ICM Corp, Armonk, NY,
USA). A familywise p <0.05 level was used to determine
level of statistical significance.

Reliability

One primary rater blinded to participant demographic
information analyzed all measures. Twenty percent of the
videos were selected at random for repeat analysis by the
primary rater, and one secondary rater, to capture intra-
and interrater reliability. Weighted kappas (ky,) with linear
weights were run to calculate intra- and interrater reliability
for PAS. Interpretation for the ky, was judged to be ‘excel-
lent’ if >0.81, ‘good’ if between 0.61 and 0.80, ‘moder-
ate’ if between 0.41 and 0.60, ‘fair’ if between 0.21 and
0.40, and ‘poor’ if <0.20. Intraclass correlation coefficients




J. A. Curtis et al.: Pharyngeal Area Changes in Parkinson'’s Disease

393

Fig.3 Bolus clearance ratio (BCR): area outlining bolus immediately prior to PES opening (left) and immediately after PES closing (right)

(ICC) were run for all other measures, and were judged to
be ‘excellent’ if >0.90, ‘good’ if between 0.75 and 0.90,
‘moderate’ if between 0.50 and 0.75, and ‘poor’ if <0.50
(Table 1) [37].

Demographics

Descriptive statistics were used to characterize the demo-
graphics of the HOA and PD groups. A student ¢ test was
used to determine if there were significant differences in

ages and heights between the HOA and PD groups.

Aim 1: Compare the Pharyngeal Areas Between People
with PD and HOA An analysis of covariance (ANCOVA)

Table 1 Intra- and interrater reliability

was used to determine if the difference in pharyngeal areas
between the HOA and PD groups was significantly different,
while controlling for age, sex, and height.

Aim 2: Assess the Influence of Pharyngeal Area on Swallow-
ing Kinematics in PD A multivariate regression was used
to assess the influence of pharyngeal area on swallowing
kinematics in PD. A canonical correlation was used as a
multivariate post hoc analysis to describe the combination
of changes in swallowing kinematics. Simple linear regres-
sions were used as univariate post hoc analyses to determine
the influence of pharyngeal area on each kinematic variable
in isolation.

Measure Intrarater 95% C.1. Classification p Value Interrater 95% C.1. Classification p Value
PA ICC=.913 .817-.959 Excellent <.0005 ICC=.907 .800-.946 Excellent <.0005
Hieax ICC=.942 .879-972 Excellent <.0005 ICC=.811 .608-.910 Good <.0005
Licak ICC=.950 .894-976 Excellent <.0005 ICC=.911 .814-.958 Excellent <.0005
MLCAn ICC=.951 .900-.976 Excellent <.0005 ICC=.882 .753-.943 Good <.0005
MPCAn ICC=.909 .792-.953 Excellent <.0005 ICC=.913 .819-.958 Excellent <.0005
PES, .« ICC=.930 .853-.966 Excellent <.0005 ICC=.847 .342-.966 Good <.0005
Hpeet ICC=.988 .974-.994 Excellent <.0005 ICC=.943 .842-976 Excellent <.0005
LVC, et ICC=.986 .962-.994 Excellent <.0005 ICC=.940 .874-.972 Excellent <.0005
HMD ICC=.846 .680-.926 Good <.0005 ICC=.773 .524-.892 Good <.0005
LVCyyation ICC=.884 755-.945 Good <.0005 ICC=.898 .786-.951 Good <.0005
PES 4ration ICC=.810 .601-.910 Good <.0005 ICC=.663 .249-.845 Moderate <.0005
BCR ICC=.954 .905-.978 Excellent <.0005 ICC=.945 .885-.974 Excellent <.0005
PAS Ky =.845 .658-.981 Excellent <.0005 Ky =.660 473-.848 Good <.0005
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Aim 3: Assess the Influence of Pharyngeal Area on Swallow-
ing Efficiency and Safety in PD A simple univariate regres-
sion was used to determine the influence of pharyngeal area
on swallowing efficiency (BCR) in PD, while controlling
for age and sex. In addition, an ordinal logistic regression
was used to determine the influence of pharyngeal area on
swallowing safety (PAS) in PD, while controlling for age
and sex.

Results

Demographics

Demographic information for the HOA and PD groups are
outlined in Table 2. The HOA group (n=41, 19 males)
had a mean age of 76.4 years (+7.2), and a mean height of

164.9 cm (£9.5). The PD group (n =40, 29 males) had a
mean age of 63.2 years (+8.9), a mean height of 173.4 cm

Table 2 Demographic information

Measure HOA (n=41) PD (n=40)

Pharyngeal area (%C2-C4%)

Group mean +SD 62.4+20.3 723+25.0
Group range (minimum, maximum) 29.1, 140.5 30.0, 170.0
Male mean + SD 65.5+24.9 74.6+25.3
Male range (minimum, maximum)  36.1, 140.5 37.0, 164.0
Female mean + SD 599+16.1 66.4+24.2
Female range (minimum, maxi- 29.1,93.4 35.0, 115.0
mum)
Age (y)
Mean +SD 76.4+7.2 63.2+8.9
Range (minimum, maximum) 65.0, 95.0 37.0,76.0
Sex
Male (count) 19 29
Female (count) 22 11
Height (cm)
Mean +SD 164.9+9.5 173.4+9.9
Range (minimum, maximum) 147.0, 183.0 152.4,187.9
Disease duration (year)
Mean +SD 8.0+3.9
Range (minimum, maximum) 2.0,17.0
UPDRS
Mean +SD 28.8+10.0
Range (minimum, maximum) 12.0, 58.0
HYS
Median, mode IL 11
Range (minimum, maximum) I, I
L-Dopa equivalent
Mean +SD 1278.4+636.0
Range (minimum, maximum) 70.0, 3025.0
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(£9.9), a mean disease duration of 8.0 years (+3.9), a
median HYS of II, and a mean UPDRS of 28.8 (+10.0)
There was a statistically significant difference in mean height
between the two groups, #(79)=—3.993, p <.0005. There
was also a statistically significant difference in mean age
between the two groups, #(79)=7.302, p <.0005.

Aim 1: Compare the Pharyngeal Areas Between People
with PD and HOA

The HOA group had a mean PA ., of 62.4 %C2-C4>
(+20.3), and the PD group had a mean PA  of 72.3 %C2-
C4? (£25.0). PA . was significantly larger for the PD group
when compared to the HOA group F(1, 22.552)=8.506,
p=.008, adjusted R*>=.274, observed power=.797. After
controlling for age, sex, and height, the PD group demon-
strated an average PA . that was 21.1% larger than the HOA

group.

Aim 2: Assess the Influence of Pharyngeal Area
on Swallowing Kinematics in PD

Descriptive statistics of the swallowing kinematics are
outlined in Table 3. Multivariate regression revealed that
pharyngeal area significantly influenced swallowing kin-
ematics in PD, F(11, 28)=4.686, p=.001, Wilks’ A=.374
(Table 4). Post-hoc multivariate analysis revealed that an
increase in pharyngeal area was associated with a combina-
tion of changes including reduced duration of airway closure
(LVCyyration) (r=—.488), decreased pharyngeal constric-
tion (MPCAn) (r=.470), decreased laryngeal constriction
(MLCAn) (r=.278), increased extent of hyoid displacement
(Hpea) (r=.299), increased pharyngeal esophageal segment
opening (PES,,,) (r=.372), and prolonged duration of hyoid
movement (HMD) (r=.290) (Table 4). Post-hoc univariate
analysis revealed that an increase in pharyngeal area was
associated with significantly reduced pharyngeal constric-
tion (r=.352) and duration of airway closure (r=—.351).

Aim 3: Assess the Influence of Pharyngeal Area
on Swallowing Efficiency and Safety in PD

Descriptive statistics of the BCR and PAS are outlined in
Table 3. Simple linear regression revealed that pharyngeal
area significantly influenced swallowing efficiency in PD,
F(3,34)=3.162, p=.037, adjusted R*=.218. As pharyngeal
area increased, swallowing efficiency decreased (i.e., there
were greater amounts of postswallow residue). In addition,
the ordinal logistic regression also revealed that pharyn-
geal area significantly influenced swallowing safety in PD,
7/(32)=72.818, p<.0005. An increase in pharyngeal area
was associated with worse swallowing safety.
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Table 3 Descriptive statistics of swallowing kinematics, swallowing efficiency, and swallowing safety in PD
Measures Descriptive statistics
Mean +SD Range
Swallowing kinematics
Hpeax (%C2-4) 164.3+21.6 118.0 to 215.0
Loeak (%C2-4) 62.0+13.5 31.0to 94.0
MLCAn (%C2-4%) 1.0£0.7 0.0 to 6.0
MPCAn (%C2-4%) 3.1+£3.0 0.0 to 14.0
PES .« (%C2-4) 17.1+6.2 9.0 to 36.0
Hpeer (5) 0.137+0.451 —0.567 to 1.800
LVC, et (5) 0.364 +0.403 —0.133 t0 1.933
HMD (s) 1.574+£0.451 0.733 to 2.567
LVCyration (8) 0.433+0.263 0.000 to 1.600
PES juration (8) 0.567+0.122 0.267 to 0.833
Swallowing efficiency
BCR .080+.065 .000 to .290
Swallowing safety Mean +SD Median Mode Interquartile range Range
Worst PAS 34+1.8 3.0 3.0 2.0-5.0 1.0-8.0
Table 4 Influence of pharyngeal volume on swallowing kinematics
Multivariate omnibus test
Outcome measures F value p value Wilk’s A Canonical R Canonical R?
Swallowing kinematics F(10,26)=4.671 .001 .358 .802 .643
Univariate post hoc Multivariate post hoc
Outcome measure F value p value R R’ Canonical R
Hpeax (%C2-4) 1.798 .188 215 .046 299
Lpcax (%C2-4) 0.536 469 -.119 .014 -.122
MLCAn (%C2-4%) 450 507 110 012 278
MPCAn (%C2-4%) 5.223 028 352 124 470
PES, .« (%C2-4) 2.948 .094 272 .074 372
Hyper (5) 0.580 451 —.124 015 —.196
LVC, e (5) 0.722 401 142 .020 177
HMD (s) 2.121 154 233 .054 290
LVCyration (8) 5.209 .028 -.351 123 —.488
PES jration (8) 1.362 251 .188 .036 247

Bold values indicate significant changes in kinematic values as pharyngeal area increases

Discussion

This study compared the pharyngeal areas of HOA to peo-
ple with PD, and examined the influence of pharyngeal
area on swallowing function in PD. Increases in pharyn-
geal area can occur as a function of healthy normal aging,
and is thought to be the consequence age-related sarco-
penia and muscle atrophy. The results from this study
revealed that, on average, people with PD exhibited larger

pharyngeal areas when compared to HOA and that these
changes in pharyngeal area were significantly associated
with maladaptive changes to swallowing kinematics and
worse swallowing safety and efficiency.

The people with PD in this study demonstrated larger
pharyngeal areas when compared to published norms in
healthy young adults [38], and when compared to the norma-
tive HOA group in this study. The presence of larger pharyn-
geal areas in this PD cohort suggest that pharyngeal muscle
atrophy may be present in PD above and beyond what is
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seen in normal healthy aging, and that these changes may be
contributing factors to the development of dysphagia. This
hypothesis is supported in part by research from Mu et al.,
who completed histological studies examining the effects
of PD on postmortem pharyngeal anatomy. These histologi-
cal studies revealed that postmortem PD pharynges exhibit
significantly more atrophic muscle fibers and motor neuron
degeneration compared to the pharynges of age-matched
controls. Furthermore, Mu and colleagues found that the
magnitude of pharyngeal muscle atrophy and motor neuron
degeneration was greater in the dysphagic postmortem PD
pharynges when compared to the non-dysphagic postmortem
PD pharynges [39, 40]. However, because direct diagnostic
testing of muscle composition was not completed the present
study, the presence of sarcopenia and pharyngeal atrophy
cannot be conclusively determined. Future work including
needle biopsy and VFSS would be required in order to more
objectively determine the presence of pharyngeal muscle
atrophy in PD and its impact on swallowing function.

This study also revealed that an increase in pharyngeal
area was associated with detrimental changes to swallowing
kinematics, swallowing safety, and swallowing efficiency in
PD. Specifically, as pharyngeal area increased, the extent
of pharyngeal constriction and duration of airway closure
decreased. The average pharyngeal constriction in the PD
group from this study was approximately 7.5 times greater
(i.e., worse) as compared to published norms in healthy
older adults [26]. In addition, the average duration of laryn-
geal vestibule closure (0.43 s) also appeared reduced in this
PD group as compared to published norms in healthy older
adults (~0.50 s) [41-43]. Pharyngeal constriction and dura-
tion of airway closure are crucial for safely and efficiently
transporting foods and liquids through the pharynx while
preventing the aspiration of ingested boluses into the lungs.
In fact, these swallowing kinematic variables have been
identified as statistically significant predictors of residue
and airway invasion in PD [12].

It should be noted that both spatial and temporal swallow-
ing kinematics were influenced by differences in pharyngeal
area, and presumably, pharyngeal muscle weakness. This
is of significant clinical interest given that “muscle weak-
ness” is often associated with changes to spatial kinematics
(e.g., reduced extent of hyoid displacement), while “sen-
sory” and “coordination” impairments are often associated
with changes to temporal swallowing kinematics (e.g., onset
of pharyngeal swallow initiation). Clinicians interpreting
VESS should be aware that strength-based impairments
may impact both spatial and temporal swallowing kinemat-
ics when attempting to identify the potential causes of dys-
phagia and the types of rehabilitation exercises that may be
most appropriate.

Findings from this study contribute to a growing under-
standing of the pathophysiologies that may contribute to

@ Springer

dysphagia in PD, and thus, a growing understanding of the
potential therapeutic approaches that may be efficacious for
improving swallowing dysfunction in PD. Because motor
control and coordination impairments are thought to be the
primary source for swallowing dysfunction in PD due to
the pathology of the disease, “skill-based” swallowing inter-
ventions have become an increasingly popular intervention
when rehabilitating individuals with movement disorders
[44-46]. However, given that the findings from the present
study suggest that pharyngeal muscle atrophy may also be
contributing to PD-related dysphagia, “strength-based”
exercises may be of additional benefit for rehabilitating this
patient population. We hypothesize that resistance train-
ing aimed at maintaining or increasing pharyngeal muscle
strength may be beneficial at managing changes to spatial
kinematics (e.g., pharyngeal constriction, laryngeal constric-
tion), temporal kinematics (e.g., duration of laryngeal vesti-
bule closure), swallowing safety, and swallowing efficiency.

This study is not without limitations. One limitation is the
use of two separate datasets that had significant differences
in height and age. The PD group was an average of 8 cm
taller than the HOA group which may have contributed to
the PD group having larger pharyngeal areas. However, this
difference in heights between the two groups was controlled
by: (1) using a statistical model that controlled for height
differences (ANCOVA); and (2) using a measurement meth-
odology that accounted for height differences with use of an
anatomic scalar [32]. There was also a significant difference
in age between the two groups, with the HOA group being
an average of 10 years older than the PD group. This differ-
ence was also controlled for statistically. However, given that
aging has been found to increase pharyngeal volume, one
would have expected the HOA group to have larger pharyn-
geal areas compared with the younger PD group. The fact
that pharyngeal area for the PD group was larger despite
their being younger further strengthens the conclusion that
PD significantly affects pharyngeal size. A second potential
limitation to this study is that the PD group was evaluated
during the “on” stage of their PD medications. While people
with PD are traditionally evaluated during the “on” stage
and several studies have identified no changes to pharyn-
geal swallowing function while ‘on’ Levodopa, we cannot
discount the possibility that this may have influenced the
findings related to the influence of pharyngeal cavity size
on swallowing function.

Clinical Implications

This study identified that people with PD exhibit larger phar-
yngeal areas when compared to their healthy adult peers.
These changes in pharyngeal area may significantly affect
swallowing kinematics and contribute to the presence of
residue, penetration, and aspiration. Clinicians should attend
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to pharyngeal area during videofluoroscopy, consider the
impact that pharyngeal muscle atrophy may have in con-
tributing to a patient’s dysphagia, and integrate pharyngeal
resistance training exercises aimed to manage pharyngeal
muscle weakness in PD.
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