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ABSTRACT

Objective: Dysphagia is the main cause of aspiration pneumonia and death in Parkinson disease
(PD) with no established restorative behavioral treatment to date. Reduced swallow safety may
be related to decreased elevation and excursion of the hyolaryngeal complex. Increased submen-
tal muscle force generation has been associated with expiratory muscle strength training (EMST)
and subsequent increases in hyolaryngeal complex movement provide a strong rationale for its
use as a dysphagia treatment. The current study’s objective was to test the treatment outcome of
a 4-week device-driven EMST program on swallow safety and define the physiologic mechanisms
through measures of swallow timing and hyoid displacement.

Methods: This was a randomized, blinded, sham-controlled EMST trial performed at an academic
center. Sixty participants with PD completed EMST, 4 weeks, 5 days per week, for 20 minutes
per day, using a calibrated or sham, handheld device. Measures of swallow function including
judgments of swallow safety (penetration–aspiration [PA] scale scores), swallow timing, and hyoid
movement were made from videofluoroscopic images.

Results: No pretreatment group differences existed. The active treatment (EMST) group demon-
strated improved swallow safety compared to the sham group as evidenced by improved PA
scores. The EMST group demonstrated improvement of hyolaryngeal function during swallowing,
findings not evident for the sham group.

Conclusions: EMST may be a restorative treatment for dysphagia in those with PD. The mecha-
nism may be explained by improved hyolaryngeal complex movement.

Classification of evidence: This intervention study provides Class I evidence that swallow safety as
defined by PA score improved post EMST. Neurology® 2010;75:1912–1919

GLOSSARY
CI � confidence interval; EMST � expiratory muscle strength training; MEP � maximum expiratory pressure; PA � penetra-
tion–aspiration; PD � Parkinson disease; SWAL-QOL � Swallowing Quality of Life Questionnaire; UES � upper esophageal
sphincter; UF � University of Florida Movement Disorders Center; VA � Veterans Affairs.

Swallowing is a patterned sensorimotor process within a complex neural network involving
automatic and volitional systems1-4 amenable to modification and adaptation. Accordingly,
swallowing rehabilitation techniques aimed at restoration of function are gaining increased
interest, particularly in populations like Parkinson disease (PD), where aspiration pneumonia is
the leading cause of death.5-10 This article presents results from the first blinded, randomized
placebo-controlled clinical trial, testing the effects of a restorative treatment called expiratory
muscle strength training (EMST150, Aspire Products)11-17 for swallowing dysfunction in PD.
EMST’s mechanistic underpinning is its ability to generate increased submental musculature
force activation.15

Decreased elevation and excursion of the hyolaryngeal complex is considered one cause of
penetration and aspiration.18-21 Submental muscle contraction elevates the hyolaryngeal
complex. EMST treatment produces significantly longer durations, higher peak amplitudes,
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and greater average amplitudes of the sub-
mental muscles’ EMG signal when compared
to dry and wet swallows.15 These findings are
likely related to increased motor unit dis-
charge rates, increased motor unit recruit-
ment, and prolonged stimulation of the
peripheral nerves.

We anticipated that 4 weeks of EMST
would cause changes to swallowing safety as
measured by the primary outcome variable of
penetration–aspiration (PA) score, a validated
and clinically utilized 8-point scale.22 We pre-
dicted that EMST would increase displace-
ment and temporal measures of hyoid
movement during swallowing. Additionally,
we expected that these functional and physio-
logic changes would result in improvements
of swallowing-related quality of life.23-25

METHODS Participants. Seventy-two participants with

idiopathic PD were screened and recruited for study from the

University of Florida Movement Disorders Center (UF) and

the Malcom Randall Veterans Affairs (VA) Medical Center

Movement Disorders Clinic, with 60 participants completing

the protocol. Based on paired t test for alternatives with

Gaussian distributions, a total of 30 participants per group

would yield 80% power to detect a pre and post PA scale

difference of effect size 1.14. Dropout rate was calculated at

10% attrition. A UF Movement Disorders fellowship trained

neurologist completed a clinical assessment of each individu-

al’s PD disease severity (including blinded Unified Parkin-

son’s Disease Rating Scale ratings). All participants with PD

had to 1) meet the diagnostic criteria of the UK Brain Bank26;

2) report some degree of swallowing disturbance (i.e., reports

of coughing with meals, increased eating duration); and 3)

remain on the same PD medications throughout the study.

Other inclusion criteria included 1) age between 55 and 85

years; 2) moderate clinical disability level (Hoehn & Yahr

stages II–IV)7; and 3) score of at least 24 on the Mini-Mental

State Examination.27 Exclusion criteria assessed by the re-

cruiting neurologist prior to enrollment included 1) other

neurologic disorders; 2) gastrointestinal disease; 3) gastro-

esophageal surgery; 4) head and neck cancer; 5) history of

breathing disorders or diseases; 6) untreated hypertension; 7)

heart disease; 8) history of smoking in the last 5 years; and 9)

difficulty complying due to neuropsychological dysfunction

(e.g., severe depression, psychosis). Another exclusion crite-

rion was failure of a screening test of pulmonary function

which was completed at baseline.

Design. The design is detailed in figure 1. As this was a

prospective, blinded, randomized, sham-controlled, clinical

trial, all participants were randomly assigned to the active or

sham treatment group. All participants took part in a baseline

swallowing assessment followed by 4 weeks of active or sham

treatment. Following completion of either treatment arm,

participants returned for a post-treatment assessment.

EMST/SHAM training. For a depiction of the EMST device,

see figure 2. The EMST treatment program uses a calibrated,

one-way, spring-loaded valve to mechanically overload the expi-

ratory and submental muscles.11-14,16-17,28 The adjustable spring

allows for discrete and calibrated changes to the valve blocking

the flow of air until sufficient expiratory pressure is produced.

Once opened, air flows through the device. The physiologic load

on the targeted muscles can be increased or decreased by varying

the device setting.

For the active treatment group, the EMST device was set

weekly to 75% of the participant’s average maximum expiratory

pressure (MEP; see procedures below). Participants were visited

weekly (during the 4-week training phase) by a clinician, blinded

to treatment randomization. The sham device was identical to

the EMST device except the pressure release valve was made to

be nonfunctional by removing the spring. For the purpose of the

sham treatment group, the device was also set to 75% of the

participants’ average MEP using the adjustable cap, therefore

appearing as though the device was being manipulated, although

it was providing little to no physiologic load to the targeted mus-

cles. Given that the EMST and sham devices looked the same,

both clinician and participant were blinded to treatment

randomization.

During weekly visits by the clinician, participants were

reminded how to properly use their device to facilitate inde-

pendent daily treatment trials. Participants were instructed to

wear nose clips, take a deep breath, hold their cheeks lightly

(to reduce labial leakage), blow as hard as they could into the

device, and identify that air was flowing freely through

the device (once they reached threshold pressure). During the

initial home training visit, participants were encouraged to

identify whether they were completing the task appropriately.

Feedback was provided to ensure accuracy of initial training.

Once participants were able to identify accurate task comple-

tion, clinician-based feedback was eliminated. Each partici-

pant trained at home (independent of the clinician)

completing 5 sets of 5 repetitions 5 days out of the

week.11-14,16,17,28 Compliance with the training was tracked us-

ing a form provided by the clinician.

Baseline/post-training visits. Although participants were

assessed during 2 baseline measurement sessions, videofluoro-

scopic assessment of swallowing was only completed at the

second baseline visit in order to limit radiation exposure (ap-

proximately 350 mrem). The same assessment protocol was

completed following training. Participants were tested 1 hour

following intake of their dopaminergic medications to ensure

they were in a practically defined “on” state. Detailed descrip-

tion of the procedures used at assessment visits is provided

below.

Maximum expiratory pressure. Using a standardized proto-

col at each time point for assessment, participants were in-

structed to stand and occlude the nose with the nose clips. MEP

measurements were completed using a pressure manometer

(FLUKE 713–30G) coupled to a mouthpiece via 50 cm, and

2-mm inner diameter tubing, with an air leak created by a 14-

gauge needle. With the device mouthpiece placed between the

lips and behind the teeth, participants were instructed to inhale

as deeply as possible and blow into the manometer tube quickly

and forcefully. Solely verbal encouragement was provided to the

participants. Three values within 5% of each other were required

to achieve an average for the participants’ individualized MEP
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score and this score set the EMST device for the subsequent
training.

Videofluoroscopy. Videofluoroscopy, commonly utilized in
the clinical setting, was selected for examination of swallowing
function. Participants sat upright and their swallowing function
was recorded in the lateral viewing plane using a properly colli-
mated Phillips radiographic/fluoroscopic unit (63-kV, 1.2-mA
output, full field of view mode). The Kay Elemetrics Swallowing
Signals Lab unit (Kay Elemetrics, Lincoln Park, NJ) digitally
recorded the fluoroscopic images at 29.97 frames per second
using a scan converter.

Participants completed ten 5-mL trials of thin liquid (Liq-
uid E-Z Paque Barium Sulfate Suspension; 60% w/v, 41%
w/w; from E-Z-EM) by cup and also a trial of one 3-oz se-
quential swallow of thin liquid by cup. Trials were presented
in random order. During the swallowing examinations, all
patients self-fed in order to approximate real-world feeding
conditions. Participants were given the spoon or cup and
prompted by the investigator to “place the liquid in your
mouth and swallow when ready.”

Data analysis. Licensed and certified speech pathologists with
clinical expertise evaluating patients with PD analyzed the bar-

ium swallow studies and were blinded to the participants’ iden-

tity and treatment randomization.

Primary outcome: Swallow safety (PA scores). The PA

scale is a clinically relevant, validated, and ordinal measure,

where 1 indicates the safest swallow (no penetration or aspira-

tion) and 8 indicates the least safe swallow, or silent aspira-

tion.22 The scale measures whether or not material entered the

airway and if it entered the airway, whether the residue re-

mained or was expelled. The PA scale score served as the

primary outcome variable calculated as the group comparison

between baseline and posttreatment assessments during the

swallowing of the 3-oz sequential bolus.

Secondary outcomes: Physiologic measures of swallow
mechanism. Duration of hyoid movement was completed by

analyzing the digital recordings of the ten 5-mL thin swallow

trials frame by frame or in slow motion using the Digital

Swallowing Workstation. The examiner placed measurement

tags at 1) the initiation of hyoid movement which resulted in

the swallow and 2) the point when the hyoid returned to rest

following the completion of the swallow. These tags were

then used to calculate the duration of hyoid movement.

Figure 1 Study participation and follow-up flow chart

EMST � expiratory muscle strength training; MEP � maximum expiratory pressure.
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Using a MATLAB routine developed in preliminary stud-
ies by our laboratory, hyoid movement during swallowing was
quantified.29 The program measured hyoid displacement for
each frame of the swallow using the third cervical vertebrae
(C3) as a stable physiologic reference point.29 The program
automatically randomized all frames collected and as each
frame was individually presented, the measurer placed a cur-
sor to mark the most anterior and inferior points on the hyoid
bone and the C3 vertebrae. The frames were then presented
in sequential order, and the measurer tagged selected swallow
events (table 1). The MATLAB routine calculated the hyoid
bone displacement from C3 for each frame of the swallow.
Displacement measures were then normalized to the first
frame of that individual swallow. The program then provided
hyoid displacements at each of the swallowing events.

Swallowing quality of life measure. The Swallowing
Quality of Life Questionnaire (SWAL-QOL) was used to

evaluate the participants’ quality of life as related to swallow-
ing function.23-25 This tool includes questions regarding both
the oral and pharyngeal phases of swallowing as well as appe-
tite, eating duration, and other factors affecting swallowing
function.

Rater reliability. To test for inter-rater and intrarater reliabil-
ity for the outcomes of PA score and hyoid displacement, 25% of
the total dataset was reanalyzed.

Standard protocol approvals, registrations, and patient
consents. This project was approved by the UF and VA Insti-
tutional Review Boards (154–2003 and 195-2005). Written
consent was obtained from all participants. This study is regis-
tered in clinicaltrials.gov (identifier NCT00843739).

Statistical methods. Descriptive statistics described the de-
mographics of each treatment group. Treatment effect was ana-
lyzed utilizing a repeated-measures analysis of covariance, with
time (2 levels: pre and post) as the within-subjects variable and
group (EMST and sham) as the between-subjects variable. The
intent-to-treat analysis was conducted for the primary outcome
variable of PA scores, where the missing data were imputed by
predicted values from a regression model including age, gender,
disease severity, and pretreatment PA scores. Absolute risk reduc-
tion, the number needed to treat to gain one additional improve-
ment, and the number needed to treat to gain one additional
benefit (improvements gained � deteriorations prevented) were
examined. Secondary outcome variables included hyoid dura-
tion, hyoid displacement measures, and SWAL-QOL scores.

RESULTS Seventy-two participants were recruited
and screened for the study. Four participants did not
meet eligibility criteria, with 1 failing pulmonary
function screening, 2 having Mini-Mental State Ex-
amination scores below the cutoff, and 1 reporting
smoking within 6 months from recruitment. A total
of 33 participants were allocated to the EMST group
and 35 to the sham group. A total of 30 participants
completed the study in each group. Reasons for with-
drawal from the study are shown in figure 1. Table 2
contains the descriptive statistics for the 60 partici-
pants who completed the trial. Figure 1 depicts the

Figure 2 Expiratory muscle strength training device

Drawing reprinted with permission from Chest (Pitts et al. 2009;135:1301–1308).33

Table 1 Swallow events tagged in relation to
hyoid displacement measuresa

Event Definition

Onset of bolus
transit

Bolus head arrival at posterior edge of
ramus of mandible

UES—opening Forward displacement of cricoid
cartilage from posterior pharyngeal
wall

UES—widest Widest part of bolus head passing
through UES

UES—closure Last point when UES is open

Laryngeal
closure

Forward displacement of arytenoid
cartilage to epiglottic petiole

Maximum
laryngeal
closure

Maximum contact of arytenoid
cartilages with epiglottic petiole

Laryngeal
opening

First separation of arytenoid
cartilages from epiglottic petiole

Abbreviation: UES � upper esophageal sphincter.
a Definitions from Martin-Harris et al.34

Table 2 Demographic information by
treatment group

EMST Sham p Value

Age, y 66.7 (8.9) 68.5 (10.3) 0.480

Sex, M/F 25/5 22/8 0.356

Hoehn & Yahr stage

2 7 5

2.5 8 13 0.554

3 14 8

4 1 4

UPDRS III motor (total)

Pre 39.4 (9.2) 40.0 (8.5) 0.404

Post 38.9 (8.1) 41.5 (10.3) 0.293

Abbreviations: EMST � Expiratory Muscle Strength Train-
ing; UPDRS � Unified Parkinson’s Disease Rating Scale.
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flow of participants through each stage of the clinical
trial.

Reliability. Inter-rater reliability was excellent, yield-
ing intraclass coefficients of 0.98 (95% confidence
interval [CI] 0.93 to 0.99). For hyoid displacement
measures, both inter-rater and intrarater reliability
were also excellent, with intraclass coefficients of
0.90 (95% CI 0.87 to 0.92) and 0.89 (95% CI 0.81
to 0.93).

Primary outcome: Swallow safety (PA scores). There
was no difference in the baseline characteristics of the
EMST group compared to the sham treatment group
(p � 0.881) (table 3). An interaction between time
and group was identified with the use of repeated-
measures analysis of covariance test (F � 10.87, p �
0.001). Mean PA scores improved for the EMST
group (0.61 � 1.43; 95% CI 0.10 to 1.11), but not
the sham group (0.43 � 1.14; 95% CI �0.82 to
�0.04). Age (F � 0.64, p � 0.426), sex (F � 0.02,
p � 0.894), and disease severity (F � 1.73, p �
0.193) had no significant influence on treatment ef-
fects. Cohen d � 0.55, indicating a moderate effect
size when comparing experimental and sham groups
post-treatment.

Eleven patients (33%) had improved PA scores
following EMST as compared to 5 (14%) in the
sham group; i.e., 19% of patients will have im-
proved PA scores under EMST that will not occur
under sham. Equivalently the number needed to
treat to gain one additional improvement is 5.3.
Considering that 3 patients (9%) had deteriorated
PA scores following EMST as compared to 16
(46%) in the sham group, the number needed to
treat to gain one additional benefit (improvements

gained � deteriorations prevented) is 1.8 (95% CI
1.2 to 3.4).30,31

Secondary outcomes: Physiologic measures of swallow
mechanism. Table 3 shows that there was no statisti-
cal change in duration of hyoid movement over time
in the EMST group but decreased significantly in the
sham group post-treatment. There was no significant
main effect of time. There was a time by treatment
group interaction for hyoid movement duration, F �
5.388, p � 0.029 (table 3).

Time by treatment group interactions were signif-
icant for hyoid displacement at several swallow-
specific events (table 3): onset of bolus transit, upper
esophageal sphincter (UES) opening, UES at its wid-
est opening, UES closure, laryngeal closure, maxi-
mum laryngeal closure, and laryngeal opening.
Displacements increased (however not always to sig-
nificant levels) for all events within the EMST group,
but decreased (not always to significant levels) for all
events in the sham group.

Swallowing quality of life measure. There was im-
provement in swallowing-related quality of life sec-
ondary to treatment independent of the treatment
group membership (F � 3.007, p � 0.007).

DISCUSSION The current randomized clinical trial
tested the effects of a 4-week, hypothesis-driven
novel restorative treatment (EMST) for dysphagia in
persons with PD. The data strongly supported the
proposed hypotheses that the group receiving EMST
performed superiorly compared to the sham group in
both functional and physiologic measures of swal-
lowing. An important and clinically relevant finding
of this study was the significant reduction in the pri-

Table 3 Mean (SD) values for the 2 groups for the significant outcome measures

Outcome and measures

EMST Sham

Pre Post p Value Pre Post p Value

Penetration–aspiration score 2.64 (1.87) 2.07 (1.28) 0.021a 2.59 (1.76) 3.30 (1.75) 0.314

Swallow timing

Duration of hyoid elevation, s 1.91 (1.02) 1.88 (0.97) 0.888 2.57 (1.15) 1.81 (0.59) 0.007a

Hyoid displacement

OBT 1.08 (0.19) 1.18 (0.10) 0.058 1.18 (0.056) 1.14 (0.09) 0.027a

UES—opening 1.13 (0.20) 1.25 (0.08) 0.009a 1.26 (0.05) 1.22 (0.08) 0.030a

UES—widest 1.14 (0.21) 1.26 (0.09) 0.006a 1.27 (0.06) 1.23 (0.09) 0.13

UES—closure 1.06 (0.17) 1.15 (0.08) 0.007a 1.17 (0.06) 1.13 (0.08) 0.109

Laryngeal closure 1.09 (0.19) 1.18 (0.10) 0.082 1.19 (0.06) 1.17 (0.09) 0.157

Maximum laryngeal closure 1.13 (0.20) 1.21 (0.11) 0.091 1.27 (0.05) 1.19 (0.10) 0.009a

Laryngeal opening 1.02 (0.17) 1.09 (0.08) 0.068 1.13 (0.05) 1.07 (0.07) 0.014a

Abbreviations: EMST � Expiratory Muscle Strength Training; OBT � onset of bolus transit; UES � upper esophageal
sphincter.
a Significant.
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mary outcome variable of PA score pre- to post-
EMST treatment. The presence and absence of
penetration and aspiration is one of the most essen-
tial factors influencing recommendations made by
speech language pathologists (e.g., diet modification,
qualification for dysphagia therapy, ability to tolerate
PO intake) for persons with dysphagia and has po-
tentially critical implications for aspiration risk,
which is the leading cause of death in PD.5-10

The mechanisms contributing to the improve-
ment in PA score following EMST may be explained
by further examining hyolaryngeal function. Dura-
tion of hyoid movement significantly shortened in
the sham group but remained stable in the EMST
group. While decreases in swallow durations have
been considered desirable for overall functionality
and swallow safety, researchers have recently revised
their notion on swallow durations and now consider
that faster swallowing is not necessarily more func-
tional or safe.18,21,32 Rather, it may be reasonable to
propose that there exists a minimum time require-
ment for coordination of airway protection and bolus
propulsion and flow through the oropharynx and
laryngopharynx.

Furthermore, the significant interactions between
treatment group (EMST vs sham) and hyoid dis-
placement at key swallowing events are enlightening
when coupled with the changes found in swallow
safety (i.e., PA score) after EMST. All hyoid displace-
ment measures increased with EMST, particularly at
UES-related swallowing events. Larger hyoid dis-
placements during UES-related swallowing events
should enable bolus material to flow into the upper
esophagus in a relatively unobstructed manner by en-
abling the UES to open wider, and longer, thus re-
sulting in better clearance of bolus material from the
laryngopharynx. Reducing the presence of residue in
the laryngopharynx in turn decreases aspiration risk.
In the sham group, hyoid displacement decreased for
all swallowing events. These results are consistent
with the decrease in duration of hyoid movement
observed in the sham group. The findings related to
hyoid movement support the idea that improved hy-
olaryngeal movement should be targeted for im-
proved swallow safety (e.g., reductions in PA).

Although participants in the EMST and sham
groups showed significant differences in functional
and physiologic measures of swallowing after treat-
ment, both groups reported improvements in
swallowing-related quality of life following treat-
ment. This suggests that in addition to being an ef-
fective treatment for dysphagia, EMST is not
burdensome for patients and can result in improve-
ments to quality of life. These results together with
previous reports of improvements in cough (i.e., air-

way clearance) with EMST in patients with multiple
sclerosis, sedentary elderly, and patients with
PD11-17,33 strengthen the rationale for use of this
training program to induce reductions in aspiration
risk.

This prospective, randomized, and blinded study
of EMST on swallowing function has revealed a po-
tentially straightforward and cost-effective therapy
for reducing PA in PD. The generalization of these
results is limited by the fact that overall the partici-
pants had only mild to moderately impaired swal-
lowing. Studying the effects of EMST in a more
impaired dysphagic population is of importance for
assessing clinical utility of this treatment. Addition-
ally, future studies should control patient-specific
(e.g., disease severity) and dysphagia-specific (e.g.,
presence/absence of PA, baseline hyolaryngeal move-
ment) domains in order to better examine the patient
profiles for which EMST is most effective. For exam-
ple, segregation of early vs late-stage PD may reveal
the role of EMST as a preventative intervention for
dysphagia. Longitudinal treatment designs may help
define the durability of the treatment effect and any
need for retraining or maintenance therapy, which is
likely inevitable. Finally, it is essential that empirical
study be completed to assess whether EMST treat-
ment effects generalize to reductions in aspiration
pneumonia in PD, where pulmonary sequelae is con-
sidered the leading cause of death.5-10
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Editor’s Note to Authors and Readers: Levels of Evidence coming to Neurology®

Effective January 15, 2009, authors submitting Articles or Clinical/Scientific Notes to Neurology® that report on clinical
therapeutic studies must state the study type, the primary research question(s), and the classification of level of evidence assigned
to each question based on the classification scheme requirements shown below (left). While the authors will initially assign a
level of evidence, the final level will be adjudicated by an independent team prior to publication. Ultimately, these levels can be
translated into classes of recommendations for clinical care, as shown below (right). For more information, please access the
articles and the editorial on the use of classification of levels of evidence published in Neurology.1-3
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