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Abstract—Expiratory muscle strength training (EMST) is
efficacious for improving maximum expiratory pressure
(MEP), cough function, and swallowing safety in Parkinson
disease (PD). However, there are no published reports describ-
ing detraining effects following EMST in persons with PD.
Moreover, there are no published reports describing detraining
effects following any behavioral swallowing intervention. Ten
participants with PD underwent 3 mo of detraining following
EMST. Measures of MEP and swallowing safety were made
prior to beginning EMST (baseline), posttreatment (predetrain-
ing), and 3 mo postdetraining. Participants demonstrated, on
average, a 19% improvement in MEP from pre- to post-EMST.
Following the 3 mo detraining period, MEP declined by 2%
yet remained 17% above the baseline value. No statistically
significant changes were found in swallowing safety from
post-EMST to postdetraining period. Following the 3 mo
detraining period, seven participants demonstrated no change
in swallowing safety, one worsened, and two had improve-
ments. This preliminary study highlights the need for the
design of maintenance programs to sustain function following
intensive periods of training.

Key words: airway protection, aspiration, deglutition, detraining,
dysphagia, expiratory muscle strength training, maximum expira-
tory pressure, Parkinson disease, swallowing, swallowing safety.

INTRODUCTION

Expiratory muscle strength training (EMST) with the
EMST150 device (Aspire Products, LLC; Gainesville,

Florida) is a behavioral treatment paradigm used to
increase expiratory and submental muscle force produc-
tion [1-2]. EMST is efficacious for improving maximum
expiratory pressure (MEP), cough effectiveness, and
swallowing function [3-6]. The effects of 4 to 5 wk of
intensive EMST training are well described [3-4,6-11],
but less is understood about the changes resulting from
the discontinuation of its training. Detraining is the par-
tial or complete loss of positive adaptations gained from
the use of exercise training programs, which begins the
moment an exercise paradigm is stopped [12-13]. The
effects of EMST detraining are only documented for
MEP and cough function in younger adults [7], older
adults [6], and patients with multiple sclerosis (MS) [5,8]
with reports of no reduction to 10 percent reduction in
MEP over 4 to 8 wk of detraining. However, there are no
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published reports describing EMST detraining in persons
with Parkinson disease (PD). Moreover, there are no
reports in the literature describing effects of detraining
following any swallowing intervention. Information
related to detraining following swallowing intervention is
especially relevant in PD, where patients often succumb
to complications of dysphagia and resulting pulmonary
sequelae [14-16]. The current study examined changes in
MEP and swallowing safety following 3 mo of EMST
detraining in persons with PD with the long-term objec-
tive of identifying targets for the development of robust
impairment-specific maintenance programs.

METHODS

Recently, a blinded, placebo-controlled randomized
clinical trial (RCT) involving 60 participants with PD
was completed, testing the effects of 4 wk of EMST on
swallowing and cough function (see Troche et al. [4]).
Following completion of the experimental (active) arm of
the aforementioned RCT (n = 30 [4]), 10 consecutive
participants were offered enrollment in a detraining
phase of study (University of Florida [UF] Institutional
Review Board [IRB] 195-2005). The detraining phase
lasted 3 mo. The sample size of 10 was selected as a con-
venience sample given the preliminary nature of the
research question regarding detraining and the unknown
effects of “no training” or “suspended training” on swal-
lowing safety in PD. We selected the 3 mo detraining
interval based on (1) previous studies assessing detrain-
ing in similar muscle groups [5-8], (2) minimization of

Table 1.
Participant demographics.

participant attrition, and (3) reduction in time swallowing
treatment was withheld.

MEP and swallowing safety data were collected
using the same protocol completed in the RCT. There-
fore, the same measures were completed prior to EMST
(baseline), post-EMST (or predetraining), and following
the 3 mo of detraining (postdetraining). All procedures
were carried out with the adequate understanding and
written consent of the participants involved and with the
ethical approval of the UF and Malcom Randall Depart-
ment of Veterans Affairs (VA) Medical Center (VAMC)
IRBs. All participants were patients of the UF Center for
Movement Disorders and Neurorestoration or the Mal-
com Randall VAMC Movement Disorders Clinic. A UF
Movement Disorders fellowship trained neurologist com-
pleted a clinical assessment of each individual’s PD dis-
ease severity (including blinded Unified PD Rating Scale
ratings). Table 1 shows demographic information.

All participants with PD had to (1) meet the diagnostic
criteria of the United Kingdom Brain Bank [17], (2) self-
report some degree of swallowing disturbance (i.e., reports
of coughing with meals, increased eating duration), and
(3) remain on the same PD medication regimen (including
dosages and frequencies) throughout the study. Other inclu-
sion criteria included (1) aged between 55 and 85 yr,
(2) moderate clinical disability level (Hoehn & Yahr stages
11-1V), and (3) score of at least 24 on the Mini-Mental State
Examination. Exclusion criteria, assessed by the recruiting
neurologist prior to enrollment, included (1) other neuro-
logic disorders, (2) gastrointestinal disease, (3) gastro-
esophageal surgery, (4) head and neck cancer, (5) history of
breathing disorders or diseases, (6) untreated hypertension,

Penetration-Aspiration Scale

Participant Age (yr) Sex Hoehn & Yahr Stage Predetraining Postdetraining

1 64 M 2 1 1

2 58 M 3 1 1

3 72 M 3 3 3

4 74 M 3 5 2

5 78 M 25 1 8

6 78 F 35 5 5

7 70 M 3 3 1

8 71 M 3 2 2

9 72 F 3 1 1

10 64 M 2 1 1
Mean + SD 70.0+6.4 — — — —
Median (Range) — — 3(2-3.5) 1.5 (1-5) 1.5 (1-8)

F = female, M = male, SD = standard deviation.
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(7) heart disease, (8) history of smoking in the last 5 yr, and
(9) difficulty complying due to neuropsychological dys-
function (e.g., severe depression, psychosis).

Testing Procedures and Outcomes

Primary Outcome: Maximum Expiratory Pressure

Using a standardized protocol, participants were
instructed to stand and occlude their nose with nose clips.
MEP measurements were completed using a pressure
manometer coupled to a mouthpiece via 50 cm and a
2 mm inner diameter tubing with an air leak created by a
14-gauge needle. The device was placed between the par-
ticipants’ lips and behind their teeth. They were then
instructed to inhale as deeply as possible and blow into
the manometer mouthpiece quickly and forcefully
[4,7,11,18]. Solely verbal encouragement was provided
to the participants. Three values within 5 percent of each
other were required to achieve an average for the partici-
pants’ individualized MEP score.

Secondary Outcome: Swallowing Safety (Penetration-
Aspiration Scale)

Videofluoroscopy was used to examine swallowing
function. Participants sat upright and their swallowing
function was recorded in the lateral viewing plane using a
properly collimated Phillips radiographic/fluoroscopic
unit (63 kV, 1.2 mA output, full field of view mode). The
Swallowing Signals Laboratory unit (Kay Elemetrics;
Lincoln Park, New Jersey) digitally recorded the fluoro-
scopic images at 29.97 frames per second using a scan
converter.

Participants completed ten 5 cc trials of thin liquid
(Liquid E-Z Paque [barium sulfate] Suspension, E-Z-EM
Inc; Lake Success, New York) (60% wi/v, 41% w/w) by cup
and also a trial of one 3 0z sequential swallow of thin liquid
by cup. Trials were randomly presented; therefore, the 3 0z
thin liquid sequential swallow could have taken place any-
where in the order of bolus presentations. During the swal-
lowing examinations, all patients self-administered in order
to approximate real-world feeding conditions. All partici-
pants were given the cup and prompted by the investigator
to “place the liquid in your mouth and swallow when
ready.”

The selected swallowing outcome measure was the
penetration-aspiration scale (PAS) [19], which was the
same primary swallowing outcome measure from the RCT
[4]. The PAS is a clinically relevant, validated, and ordinal
measure, where 1 = safest swallow (no penetration or aspi-
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ration) and 8 = least-safe swallow or silent aspiration. The
scale measures whether or not material entered the airway,
and if it entered the airway, whether the residue remained
or was expelled. For the purposes of this study, the partici-
pants’ worst PAS for the 3 0z swallow was recorded and
used as the measure of swallowing safety.

Statistical Analysis

Statistical analysis of the data was completed using
SPSS (version 17.0, IBM Corporation; Armok, New
York). Given the ordinal nature of the PAS and small
sample size, a Wilcoxon signed rank test for two related
samples was utilized to test differences in the two time
points (post-EMST/predetraining and postdetraining) for
the 10 participants in this detraining study.

RESULTS

Primary Outcome: Maximum Expiratory Pressure

Participants demonstrated, on average, a 19 percent
improvement in MEP from pre- to post-EMST training
(102.36-121.85 cmH,0, p = 0.03) (Figure). There was a
2 percent decrease in MEP (statistically nonsignificant)
from post-EMST to postdetraining (121.85-119.4 cmH,0),
with average MEP scores postdetraining remaining 17 per-
cent above the baseline (pre-EMST) values.

Secondary Outcome: Swallowing Safety (Penetration-
Aspiration Scale)

No significant changes were found in PAS from post-
EMST to postdetraining period. To further probe the

125 121.85

119.4

102.36

Pre EMST Post EMST/

Pre-Detraining
MEP

Post Detraining

Figure.
Maximum expiratory pressure (MEP) at pre-expiratory muscle

strength training (EMST), post-EMST or predetraining, and
postdetraining time points for 10 participants included in
detraining study.
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findings, the 10 participants were subdivided into those
who had no change from post-EMST training to postde-
training, those who improved between time points, and
those who worsened. Following the 3 mo detraining
period, seven participants demonstrated no change in
PAS, one had worsening of PAS, and two had improve-
ments in PAS. Table 2 shows baseline (pre-EMST) and
postdetraining median PAS scores by change group.

DISCUSSION

Strength training of the expiratory muscles is
achieved, most typically, using a short-duration, muscle-
specific exercise with a handheld calibrated device [1-
4,6-9]. EMST with the EMST150 device results in acti-
vation of submental and expiratory muscles [11,18]. The
submental muscles play an important role in the superior
and anterior movement of the hyolaryngeal complex dur-
ing swallowing, therefore assisting in airway protection
through the movement of the larynx under the base of the
tongue and the opening of the upper esophageal sphincter
[20-21]. In a large RCT (active EMST vs sham EMST),
our research group tested the effects of EMST on swal-
lowing function in participants with PD, and results
showed improvements in swallowing safety and cough
airflow parameters after 4 wk of active EMST. More spe-
cifically, participants in the active EMST treatment group
demonstrated increased MEP, reductions in PAS (i.e.,
safer swallowing), improved hyolaryngeal displace-
ments, and improved cough volume acceleration [3-4].
There has been no other RCT assessing the efficacy of a
restorative swallowing intervention in PD.

Therefore, the detraining-related outcomes reported
here are critical to guiding this therapy into clinical practice,
especially in light of the degenerative nature of PD. While
the objective outcomes associated with the RCT were
promising in persons with PD, there remained questions
about the physiological changes that occur when EMST is

Table 2.
Median penetration-aspiration scale (PAS) by change group.

Change Baseline PAS Postdetraining PAS
(Pre-EMST) (Post-EMST Detraining)
No Change 5.0* 3.0
Worsened 8.0" 8.0
Improved 2.5 15

*Data from Troche et al. (2010) [4].
EMST = expiratory muscle strength training.

discontinued. Previous detraining effects that have occurred
in other populations have exclusively focused on breathing
and cough function [5,7-8]. Baker et al. studied healthy
participants who trained with EMST for 4 wk [7]. Follow-
ing 8 wk of detraining, MEP values remained significantly
higher than baseline, with 7 to 10 percent loss. Chiara et al.
studied the effects of 8 wk of EMST in persons with MS
and found that following 4 wk of detraining, no significant
decrease in MEP was found and peak expiratory flow for
cough remained significantly above baseline [5].

The current detraining study revealed a robust
19 percent improvement in MEP from pre- to post-EMST
training in this group of participants. Participants only
sustained a 2 percent decline in MEP following the
detraining period The detraining effects on swallowing
safety were less clear (Table 2), and this appears to be
because baseline swallowing function (pre-EMST)
across the individual participants was quite varied. For
example, the participants who began EMST with the
most impaired swallowing safety, although experiencing
mild improvement in function with EMST, did not main-
tain the positive swallowing outcomes following the
detraining period. Those with the least impaired swallow-
ing safety pre-EMST training demonstrated a slight
decrease in PAS (improvement) over the detraining
period. This slight improvement is not considered clini-
cally significant and likely demonstrates function within
expected variability in swallowing performance. Partici-
pants with moderate deficits in swallowing safety prior to
EMST maintained much of their benefit in swallowing
safety following the 3 mo detraining period.

The detraining effects were not as predictable as
hypothesized. It was expected that a detraining effect for
MEP would occur when the EMST was suspended, and
although there was a slight 2 percent decrease in MEP, this
was not significant. It can be hypothesized that there was
not a larger detraining effect to MEP due to the specificity
of EMST on expiratory muscle force production, therefore
solidifying the EMST training effect. Similarly, there was
no significant detraining effect for swallowing safety. How-
ever, closer inspection of the swallowing data set revealed
what appears to be an association with detraining that
relates back to baseline (pre-EMST) swallowing function-
ing. Persons with more impaired swallowing detrained to a
greater degree than persons with more functional swallow-
ing at baseline. This supports the theory that reduced base-
line motor coordination can result in greater detraining
effect [13]. Future studies of EMST in PD will need to sep-
arate the baseline function for both MEP and swallowing
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impairment more carefully as well as include larger sam-
ples of persons with varying levels of dysfunction in order
to more effectively answer this question regarding detraining.

CONCLUSIONS

Information related to detraining following dyspha-
gia rehabilitation is highly relevant in populations with
neurodegenerative disease where dysphagia and aspira-
tion is often considered inevitable [22]. People with PD
often succumb to complications of dysphagia and result-
ing pulmonary sequelae [14-16]. Therefore, long-term
dysphagia management is a top priority throughout the
progression of the disease. EMST has been found to pro-
vide specific, clinically meaningful gains in swallowing
and cough [6]. This preliminary study highlights the need
for the development of maintenance programs to sustain
function following intensive periods of training.
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