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Lingual Exercise in Older Veterans With

Dysphagia: A Pilot Investigation

of Patient Adherence

Brittany N. Krekeler,a,b,c Joanne Yee,d,e Sarah Daggett,d

Glen Leverson,b and Nicole Rogus-Puliaa,b,e,f

Purpose: Adherence is a concern in dysphagia management.
Poor adherence with recommendations can negatively affect
treatment efficacy and patient outcomes. For exercise-based
therapies, low adherence can alter the dose of exercise
delivered to the muscle, which can diminish impact of exercise.
It has been established that low adherence is a problem in
dysphagia treatments; however, relationships among levels
of adherence and outcomes from exercise-based interventions
have not been explored.
Method: In this retrospective pilot study, data were collected
from a multicenter clinical demonstration program in the
Veterans Affairs hospital system to examine the relationships
between patient adherence with a device-facilitated lingual
exercise regimen. Outcomes were compared pre- and
posttreatment using a paired t test or Wilcoxon matched-
pairs signed-ranks test, and relationships among adherence
and outcome measures were evaluated using Pearson or
Spearman rank correlation coefficients, as appropriate.
Results: Patient adherence was evenly distributed across
participants: Adherence at the front sensor was 59.3% (SD =
28.2), ranging from 5.5% to 95.8%; the back sensor adherence

was 55.9% (SD = 29.8), ranging from 1.1% to 97.2%. Maximum
isometric pressure (MIP) generation, at both the front and back
sensors, was increased from pre- to posttreatment (p < .0001,
front; p = .008, back). Functional Oral Intake Scale (FOIS) scores
were also significantly improved at the posttreatment
time point as compared to baseline (p = .005). However,
there were no significant correlations among adherence
and outcome measures (front sensor adherence vs. ΔMIP,
r = −.161, p = .342; back sensor adherence vs. ΔMIP, r = .002,
p = .991; front sensor adherence vs. ΔFOIS, r = −.183,
p = .279; back sensor adherence vs. ΔFOIS, r = −.160,
p = .399).
Conclusions: These findings suggest that patient adherence
with this lingual exercise program was not related to the
increases in lingual pressure generation or improvement in
functional oral intake observed in this cohort. These preliminary
findings suggest the need for future, prospective, controlled,
and randomized clinical trials to further investigate patient
adherence with a lingual exercise program and related
impacts of adherence on exercise dose and swallowing-
related outcomes.

I
ndividuals under the care of a health provider are fre-

quently asked to adhere to medical recommendations

that can include medication routines or behavioral
health changes, such as modifying diet or following an ex-

ercise regimen. Defined simply, adherence is the amount to

which an individual alters behavior to accommodate the

medical provider’s advice (McNabb, 1997). Adherence to

exercise protocols specifically is essential for therapy efficacy

(Belza et al., 2002; Rutten et al., 2016). Without high levels

of adherence to a specific exercise regimen, the prescribed

dose of exercise cannot be achieved.

Poor adherence is evident within dysphagia manage-
ment. Recent evidence indicates that patient adherence with

dysphagia-specific recommendations is low, with a wide range

of reported adherence for exercise-based interventions specifi-

cally (Krekeler et al., 2017). In several investigations of
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exercise-based interventions, “full or high adherence” with

the exercise protocol was achieved by less than 30% of par-

ticipants (Cnossen et al., 2014; Hutcheson et al., 2013;

Shinn et al., 2013). Given these low rates of adherence, it

is more than likely that patients are not receiving exercise

doses as prescribed. Without high levels of adherence to a

specific exercise regimen, the prescribed dose of exercise
cannot be achieved, which can reduce impact of the treat-

ment on muscular change (Peterson et al., 2005).

Despite the implications of adherence in exercise-based

therapies, very few studies in dysphagia treatment have con-

sidered level of adherence with the exercise regimen when

interpreting exercise-specific outcomes (Krekeler et al., 2018).

Not fully accounting for dosing administration during an ex-

ercise-based study can lead to over- or underinterpretation of

findings. This misinterpretation can ultimately result in statis-
tical error, known as “compliance bias,” which is a serious

concern in accurate interpretation of data (Feinstein, 1974).

While there is a risk of compliance bias within exercise-based

dysphagia literature, the relationships between adherence,

exercise dose, and outcomes have yet to be elucidated. Given

that exercise dose is greatly influenced by patient adherence

(Latham et al., 2004; Ohkawara et al., 2007; Peterson et al.,

2005; Radaelli et al., 2015; Rhea et al., 2003), it is important

to understand how patient adherence impacts outcomes
measured in a clinical dysphagia treatment program, such

as lingual exercise.

Lingual exercise is frequently used clinically to address

concerns of lingual weakness that may underlie swallowing

dysfunction (Keskool et al., 2018; Steele & Cichero, 2014).

Lingual exercise has been shown to result in increased lin-

gual pressure generation and a decrease in pharyngeal resi-

due across patient populations (Kim et al., 2017; Lazarus

et al., 2014; Moon et al., 2018; Namiki et al., 2019; Oh,
2015; H.-S. Park et al., 2019; J.-S. Park et al., 2019, 2015;

T. Park & Kim, 2016; Robbins et al., 2005, 2007; Rogus-

Pulia et al., 2016; Steele et al., 2016; Van den Steen et al.,

2018, 2019; Yano et al., 2019). Various paradigms with

different prescribed doses of lingual exercise have been re-

ported in the literature (Krekeler, Rowe, & Connor, 2020).

For example, when looking at exercise frequency, there is

a large range of reported times per day and days per week

lingual exercise was performed, from as often as 5 times
per day, 7 days per week to 1 time per day, 2–3 days per

week (Krekeler, Rowe, & Connor, 2020). Furthermore,

other dosing components, such as intensity, are not al-

ways well described (Krekeler, Rowe, & Connor, 2020).

Some investigations using a low-tech approach (e.g.,

lingual press to roof of mouth) describe length of hold

for a lingual press (J.-S. Park et al., 2019), while others

give scripted instructions to “push the tongue firmly

onto the palate” without defining length of hold (H.-S.
Park et al., 2019). Even with device-facilitated approaches

to lingual exercise, some have used a progressive strength-

ening approach where a percentage of maximum pressure

was increased throughout the duration of the intervention

(Oh, 2015; Yano et al., 2019), while others involved

trained consistently at the same intensity (J.-S. Park

et al., 2015; Steele et al., 2016). These variations across

components of exercise dose make it difficult to interpret

exercise effects across studies and pose a challenge to rep-

lication of study procedures in comparative trials.

While some studies mention recording patient adher-

ence using various approaches (e.g., home dairies; T. Park

& Kim, 2016; Robbins et al., 2005, 2007; Van den Steen
et al., 2018, 2019), only two studies (Lazarus et al., 2014;

Namiki et al., 2019) have included information regarding

actual patient adherence to these prescribed exercises, sug-

gesting that the actual dose of exercise delivered is largely

unknown. Additionally, studies reporting adherence levels

rely on patient self-report in the form of an exercise log,

which is subject to over- or underreporting. The purpose of

this pilot study was to examine how objective measures

of patient adherence and exercise dose during a device-
facilitated lingual strengthening program impact the outcome

of lingual pressure generation in a cohort of Veterans with

dysphagia. We hypothesized that Veterans with better

adherence to the lingual strengthening program would

achieve greater changes in lingual pressure generation.

Method

All procedures were approved by the University of

Wisconsin–Madison Institutional Review Board and the
William S. Middleton Memorial Veterans Hospital Ethics

Review Committee.

Participants

Data were gathered retrospectively from an outcomes

database for Veterans with dysphagia enrolled in an ongo-

ing clinical treatment program. Patients were eligible for

participation in this clinical program if they were diagnosed

with dysphagia on videofluoroscopy: Dysphagia was de-

fined as a Penetration–Aspiration Scale (Rosenbek et al.,

1996) score of 3 or higher on at least one bolus and/or had

oropharyngeal residue (ranked on a clinical visualization
rating scale: 0 = no residue, 1 = trace amount of residue, 2 =

significant amount of residue) present at any location on at

least one administered bolus. Functional Oral Intake Scale

(FOIS) scores (Crary et al., 2005) were assigned by the treat-

ing clinician pre- and posttreatment to assess if there were

any functional gains in oral intake grade. The measures of

interest in this retrospective analysis were patient adherence,

dose delivery, and accuracy of lingual exercise training (de-

fined below) related to the primary treatment outcome of

change in lingual pressure generation from pre- to posttreat-
ment (described below), with change in FOIS scores included

as a secondary outcome.

Lingual Exercise Program

Patients were enrolled in a device-facilitated, 8-week

isometric progressive resistance lingual exercise program from

January of 2013 through June of 2017. Lingual exercise

was facilitated using either the Swallow STRengthening
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OropharyNGeal (SwallowSTRONG) device (Swallow Solu-
tions) or theMadisonOral Strengthening Therapeutic (MOST)
device (Swallow Solutions), depending upon availability of
devices at the clinical sites. Daily adherence data were re-
corded in these devices throughout the duration of treatment.

Participants were selected for this retrospective anal-

ysis if:

1. Patient adherence data were available from the Swal-
lowSTRONG or MOST device. Given the clinical
nature of the ongoing intervention program, not all
patients have these adherence data available across
their entire treatment program. As such, to be in-
cluded in this analysis, all participants were required
to have recorded adherence data available for the du-
ration of their enrollment in the treatment program
for at least the front lingual sensor.

2. The patient demonstrated lingual weakness prior to
exercise. Given the clinical nature of this program,
individuals with high baseline lingual pressures, perhaps
indicating intact lingual strength, were still allowed to
participate. In an attempt to limit inclusion of individ-
uals without tongue weakness in this retrospective anal-
ysis, we constrained our cohort further to only include
individuals with lingual forces measured at ≤ 340 hPa
at baseline (Adams et al., 2013). This cutoff was deter-
mined by converting normative values available for the
Iowa Oral Performance Instrument in kilopascals to
hectopascals. It was necessary to refer to these Iowa
Oral Performance Instrument normative data given
that there are no published normative data available
for the SwallowSTRONG or MOST device. However,
this calculation is imperfect due to differences in the
design of the device pressure bulbs/mouthpieces, which
we acknowledge as a limitation in this conversion.

3. The patient had a final follow-up visit within 75 days
of their baseline visit. While the program was 8 weeks
(56 days) in duration, the final follow-up visit may have
occurred later due to scheduling- or travel-related
issues. In these cases, patients were instructed to
continue exercise until that time in order to avoid
detraining effects prior to final measurements.

A visual representation of data collection procedures
is provided in Figure 1. Prior to completing the device-
facilitated lingual exercise program, participants were seen
for a baseline clinical visit where baseline maximum isometric
pressure (MIP) measurements were taken and participants
were instructed on how to operate the device independently
for home practice.

The MOST and SwallowSTRONG systems were each
composed of a device (e.g., netbook or tablet) capable of re-
cording and providing visual biofeedback regarding lingual
pressure generation by way of connection to an intraoral,
custom-fit mouthpiece and transducer box. The software
installed on these devices recorded lingual press repetition
and pressure data. These data included number of repeti-
tions completed, accuracy with which therapeutic targets
were met (based on the established maximum isometric

lingual pressure, or MIP, threshold), and the date exercises

were completed. These data were stored in a section of the

program accessible only by clinicians, ensuring that partici-

pants were not able to view or tamper with recorded session

data. Participants also received visual biofeedback during

treatment sessions regarding accuracy of lingual presses

performed (a green thumb indicated achievement of the

therapeutic target) and overall session data (total number of

repetitions during which therapeutic targets were achieved

across a single session).

Dose of Lingual Exercise Prescribed (Intensity, Repetitions,

Frequency, Duration)

Intensity. Baseline MIP measurements were collected

with completion of one-repetition maximum pressure trials

at front and back sensors. Participants were instructed to

press the anterior and posterior portions of their tongue as

hard as possible against the designated sensor. Up to three
sets of three trials were completed to account for variability

in lingual pressure generation to determine MIP for both

the front and back sensors. If variability between the first and

second sets was less than 5%, then fewer sets were required

to calculate maximum pressure. If variability was greater

than 5% across sets, the MIP measurement across the three

sets was recorded. Once MIP was determined, an initial

therapeutic target for the first week of the participant’s

home exercise program was set at 60% of MIP. Therapeutic
targets were increased to 80% of the baseline MIP by the

speech-language pathologist after completion of 1 week of

the program. New maximum MIP values were determined

every 2 weeks (Weeks 3, 5, and 7 of the 8-week program),

and subsequent therapeutic targets were established as 80%

of these MIPs for the remaining weeks of treatment. During

the first in-person clinical session, each patient demonstrated

an understanding of how to navigate to the MIP task through

their MOST or SwallowSTRONG device to allow for
redetermination of MIP on those weeks. The treating

clinician met with the patient via telehealth or phone call

every 2 weeks to determine and set the new percent MIP

threshold on the device. A final set of MIPs were collected

upon completion of the therapy program during an in-person

clinical visit.
Repetitions and frequency. All patients were instructed

to perform exercises at the front and back locations of the

tongue. However, due to difficulty with achieving full contact

between the back sensor and the hard palate, data for MIPs
and adherence from the back sensor were not available for

seven participants in this retrospective analysis. This difficulty

may have been related to the positioning, shape, and size of

the sensor within the mouthpiece as part of the design of this

device. The home therapy program (see Figure 1) consisted

of 3 days of training per week, with three sets of 10 anterior

presses (front sensor) and three sets of 10 posterior lingual

presses (back sensor) per day, as recommended in the sports

medicine literature (American College of Sports Medicine,

2009; Tipton & American College of Sports Medicine,
2006). This results in a total of 30 repetitions total per
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day (for each sensor) and 90 repetitions total per week

(for each sensor).

Duration

The prescribed duration of this home therapy pro-

gram is 8 weeks. However, due to scheduling-related issues,

some patients exercised for longer than 8 weeks. The total

number of days each patient enrolled in the home exercise

program was recorded and used to adjust calculations of

adherence, dose delivery, and accuracy for statistical analy-

sis. Patients were instructed to complete the exercises as de-
scribed above, until the day of their follow-up appointment.

Recording and Measurement of Adherence,

Dose Delivery, and Accuracy

During the lingual exercise program, daily participa-

tion data were recorded by the lingual exercise device. For

each patient, the device recorded the number of sessions

completed (per day) and whether or not the force target

was met for each repetition at the front and back lingual

sensors (attempts vs. presses that met target). These data

were stored on the device throughout treatment and were
exported from the device at the final clinical visit and stored

in de-identified Excel files. From these stored data, the fol-

lowing measurements of patient adherence, dose delivery,

and training accuracy for each sensor (front and back) were

calculated using the following formulas:

Adherence %ð Þ ¼
Total number of lingual presses attempted

Prescribed number of repetitions
ð1Þ�100

Dose delivery %ð Þ ¼
Number of lingual presses thatmet target

Total number of lingual presses attempted

ð2Þ�100

Accuracy %ð Þ ¼
Number of lingual presses thatmet target

Total number of lingual presses attempted

�100 ð3Þ

Prescribed number of repetitions ¼ number of weeks enrolled

in program � 90 reps=week

ð4Þ

In this study, we defined adherence as the number of

lingual presses attempted (at each sensor) out of the total

number that patients were prescribed to complete: Patients

were instructed to press each sensor (front and back) 10 times
per session, three sessions per day, and 3 days per week. As

such, the prescribed number of lingual presses that should

be completed in 1 week, per sensor, is 90. Thus, the denomi-

nator “prescribed number of repetitions” was calculated

on an individual basis because program duration varied

Figure 1. Study timeline. Outcome variables collected at baseline and final clinical visits, description of lingual
exercise protocol dose.

Krekeler et al: Lingual Exercise and Patient Adherence 1529



(56–75 days) among included participants. One participant

from the available cohort completed double the number of

repetitions prescribed for the duration of treatment, result-

ing in adherence > 100%. This was identified as an outlier

in this data set (greater than 3 SDs from mean, z score > 4)

and was therefore removed. We defined dose delivery based

on the number of lingual presses that met force threshold
targets (intensity) for that assigned week to capture how

many successful presses were completed out of the number

that were prescribed. Finally, we defined accuracy during

the home training program as the number of presses that

met target out of the total number that were attempted by

each patient (different from the prescribed amount, this

represents the actual number attempted).

Responders Versus Nonresponders

To examine differences among individuals with high

and low adherence who responded or did not respond to

treatment, we calculated the top and bottom quartiles (see

Figure 2) of individual participant adherence to form two

groups: low adherence (bottom quartile) or high adherence

(top quartile). We then further subdivided these groups by

“response to treatment,” which was defined as increasing MIP
compared to baseline (“nonresponders” = no change, < 5 hPa

increase, or decrease in MIP from pre- to posttreatment and

“responders” = increase in MIP). Ultimately, four groups

were defined and are presented below: (a) high adherence,

responders; (b) high adherence, nonresponders; (c) low ad-

herence, responders; and (d) low adherence, nonresponders.

Statistical Analyses

Statistical analyses were performed using SAS Analytics

Software (SAS Institute) and SPSS (IBM). To ensure adher-

ence and changes in lingual pressure were equivalent across

devices, an independent-samples t test was used. Given that

this was a retrospective analysis using a clinical database, a

priori power calculations were not possible. Rather, a conve-

nience sample was used to include as many participants from

the database as possible who met the criteria described above.

To compare data between the SwallowSTRONG

and MOST devices, patient adherence and change in MIP
at the front sensor were compared between participants using

each device with independent t tests. Changes after treat-

ment (Δ = posttreatment − pretreatment) for outcome mea-

sures of lingual pressure (MIP) were evaluated using a paired

t test and Wilcoxon signed-ranks test for change in FOIS.

Relationships among patient adherence, dose, accuracy,

and change in lingual pressure generation as well as change

in FOIS were evaluated with Pearson or Spearman rank

correlation coefficients, as appropriate. A critical α = .05 was
used to determine statistical significance in all analyses.

Results

Participants

This analysis included 37 participants selected from

the larger cohort of 178 patients who were enrolled in the

program between 2013 and 2017 (see Table 1). Of these

participants, 36 were male, and the average age was 69.1

years. Adherence and MIP data from the front sensor were

collected from all participants. Adherence and MIP data

from the back sensor were only available from 30 partici-

pants. For the total group (N = 37), etiology of dysphagia

was varied (see Table 2), with the largest percentage having

dysphagia as a result of head and neck cancer (n = 13).
Adherence rates for lingual exercise at the front and back

sensors also varied by etiology of dysphagia (see Table 2).

Adherence rates at the front sensor were not statisti-

cally different (p = .43) between patients training with the

Figure 2. Distribution of adherence data. Each marker indicates an individual participant.
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MOST device (n = 19, 55.6% adherence) compared to those

training with the SwallowSTRONG device (n = 18, 63.1%

adherence). Participants using the MOST device had greater

gains in MIP from pre- to posttraining (p = .023); however,

both groups of patients demonstrated an average increase in

MIP at the front sensor (MOST = +144.4 hPa, Swallow-
STRONG = +44.96 hPa).

Adherence, Dose, and Accuracy

Adherence rates were generally evenly distributed
across participants at both sensors (see Figure 2). Sum-

mary data for all adherence, dose, and accuracy rates per

sensor are provided in Table 3 and shown in Figure 3. Av-

erage adherence across the home therapy program at the

front sensor was 59.3% (SD = 28.2), ranging from 5.5%

to 95.8%; back sensor adherence was 55.9% (SD = 29.8),

ranging from 1.1% to 97.2%.

Primary Outcomes From Lingual Exercise Program

Lingual pressures (MIP) at the front sensor were signifi-

cantly greater (p < .0001) after lingual exercise, by an average

increase of 96.0 hPa (SD = 134.8) from baseline (see Fig-

ure 4A). Lingual pressures (MIP) at the back sensor were
also significantly increased (p = .008), by an average increase

of 75.7 hPa (SD = 129.1) from baseline (see Figure 4B). The

mode and mean scores for the FOIS (Crary et al., 2005) were

5 and 5.5, respectively, at baseline. Posttreatment, 11 patients

had an increase in FOIS, one had a decrease, and 25 had

no change in FOIS (p = .005; see Figure 4C).

Relationship Between Patient Adherence, Dose,

Accuracy, and Primary Outcomes

Patient adherence with lingual exercise at the front

sensor was not significantly correlated with change in MIP

at the front sensor (r = −.161, p = .342; see Figure 5A) or

change in FOIS (r = −.183, p = .279; see Figure 5B). Pa-

tient adherence with lingual exercise at the back sensor was

not significantly correlated with change in MIP at the back

sensor (r = .002, p = .991; see Figure 5C) or change in

FOIS (r = −.160, p = .399; see Figure 5D). There were no
statistical correlations between measurements of dose or pa-

tient accuracy with change in MIP or FOIS (see Figure 5).

Individual Participant Characteristics Based

on Adherence and Response to Treatment

Given the relatively small and heterogenous sample

size, statistical assessment of the relative impact of individ-

ual patient characteristics (i.e., dysphagia etiology, age) on

study outcomes of lingual pressure generation was not pos-

sible. However, by grouping these individual participants

by level of adherence and response to treatment (increase

in tongue pressure generation), we were able to descriptively

assess patient characteristics that could be contributing to

relationships among adherence and outcomes of lingual
strength. Patient characteristics included age, sex, etiology

of dysphagia, and the FOIS (Crary et al., 2005) score prior

to starting treatment.

Individual descriptive characteristics for each partici-

pant in the top and bottom quartiles of adherence rates

at both the back and front sensors are shown in Figure 6.

Relative adherence rates and MIPs at baseline and post-

therapy are shown relative to each individual participant’s

age, baseline FOIS score, and etiology of dysphagia. As
shown in the front sensor adherence figures (see Figures 6A

and 6B), nonresponders in both the high- and low-adherence

quartiles tended to have higher MIP measurements at

baseline (blue bar). This was not the case for individuals in

the back sensor low- or high-adherence quartile groups

(see Figures 6C and 6D). For all four groups, there do

Table 1. Reasons for exclusion from larger cohort (total eligible =
178 patients).

Number
excluded Reason

n = 118 Adherence data unavailable
n = 16 Enrolled > 75 days in lingual exercise program
n = 6 Lingual pressure > 340 hPa at baseline
n = 1 Outlier

Table 2. Adherence rates by etiology.

Primary etiology of dysphagia

Sample size
front sensor

n

Adherence
front sensor

M (SD)

Sample size
back sensor

(n)
Adherence back sensor

M (SD)

Head and neck cancer 13 55.9 (27.9) 12 55.9 (29.8)
Neurodegenerative 7 62.5 (30.9) 6 58.4 (31.96)
Unknown 4 78.3 (10.2) 1 67.8 (—)
Respiratory 4 52.9 (36.7) 4 51.9 (35.6)
Stroke/CVA 4 40.8 (37.0) 2 9.0 (5.0)
Thyroid 2 66.7 (21.1) 2 66.7 (21.1)
Esophageal 1 75.7 (—) 1 75.7 (—)
Cardiac 1 42.8 (—) 1 42.8 (—)
Autoimmune 1 89.1 (—) 1 89.1 (—)

Note. Em dashes indicate date not available. CVA = cerebrovascular accident.
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not appear to be any emergent patterns between adherence

and other patient characteristics at baseline, including FOIS,

age, or etiology of dysphagia to explain grouping in high/

low adherence or response/nonresponse to treatment.

Discussion

In this foundational investigation, we sought to de-

termine how patient adherence with a lingual exercise pro-

gram related to the outcome of maximal lingual pressure

generation. Rate of adherence measured in this study was

defined as the number of attempted lingual presses out of
the total number of lingual presses prescribed (30 per day

per sensor, 3 days per week). Overall adherence to lingual

exercise at both sensors was moderate (59% front, 56% back).

Lingual exercise did result in increased lingual pressure gener-

ation as measured by ability to press the tip of the tongue

blade to the front sensor in a voluntary, cued maximum

press. Gains in MIP at the front sensor were larger than

those at the back sensor (97 hPa vs. 76 hPA), which could

be due to some patients having difficulty making full con-

tact with the back sensor. However, a greater amount of

adherence with the exercise protocol did not significantly

correlate with increased lingual pressure generation at the

front or back sensor or level of oral intake. Furthermore,

when examining dose delivery and accuracy of performance

with study outcomes, we still did not find any significant
correlations between measures of dose or accuracy of per-

formance and our outcome measures of change in MIP or

FOIS. These findings were surprising considering that we

would expect patients with the highest adherence, dose de-

livery, or accuracy in performance to have the greatest

change in maximal lingual pressure generation.

When comparing patient adherence to other measures

of patient performance, including dose (number of lingual

presses that met target / prescribed number of presses) and
accuracy (number of presses that met target / total number

of attempted presses), we did observe some variability across

measures. At both sensors, accuracy was higher than both

dose delivery and adherence (see Table 3). This is not sur-

prising given that accuracy is calculated based on the num-

ber of attempted presses for each individual patient, so there

is no impact of prescribed number of presses in this measure.

Dose delivery is the lowest rate, for both sensors. This indi-

cates that, even if participants are adherent with the exercise
protocol (i.e., making attempts to complete the therapy pro-

gram as prescribed), they will not necessarily be successful at

meeting the target force threshold for every attempted lin-

gual press. This distinction between patient adherence and

dose of exercise achieved during therapy is an important

consideration for future studies designed to examine effects

of exercise dose on outcomes of an intervention.

Table 3. Comparison of percent (%) adherence, dose delivery, and
accuracy.

Sensor Variable M SD Range

Front sensor Adherence 58.3 28.2 5.5–95.8
Dose delivery 42.7 26.6 1.1–85.5
Accuracy 71.1 24.7 4.2–99.8

Back sensor Adherence 55.9 29.8 1.1–97.2
Dose delivery 36.5 22.1 0–75.9
Accuracy 60.6 23.9 0–93.0

Figure 3. All accuracy, dose, and adherence data. All data from front (A) and back (B) lingual sensors for the duration
of the lingual exercise intervention.
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In our descriptive exploration of the highest and low-

est individuals’ adherence at the front and back sensors,

we observed that, for both high and low adherence at the

front sensor, individuals who did not respond to treatment

had higher baseline lingual pressures, as compared to those
who did respond to treatment. This may indicate that indi-

viduals with higher lingual pressures at baseline may not

respond as strongly to the exercise intervention, regardless

of adherence. To draw more meaningful conclusions, this

should be investigated in a larger group of patients. How-

ever, these findings suggest that baseline lingual pressure

could be an indicator of treatment success and should be

considered.

Other intrinsic patient factors (age, etiology, baseline
FOIS) examined in these descriptive analyses did not offer

any suggestion or pattern relating to high/low adherence or

responder/nonresponder. Across all four adherence groups

for both sensors, etiology of dysphagia was mixed. How-

ever, the potential influence of etiology on adherence and

response to lingual exercise treatment should be investigated

in a larger prospective trial, as unique disease pathology has

been suggested to influence adherence to dysphagia recom-

mendations (Krekeler, Vitale, et al., 2020).
One explanation for these findings related to adher-

ence and study outcomes could be due to varying levels of

adherence throughout the exercise program. The adherence

literature has suggested that individuals must be able to

perceive benefit from a treatment approach to maintain

adherence consistently (Sabaté, 2003). In this study, we

found that lingual exercise did result in significantly im-

proved FOIS scores, with 11 of the 37 patients having

increased FOIS from baseline, with an average of 0.5 increase

in total FOIS score. However, this slight improvement in

FOIS may not be clinically meaningful, so we must inter-

pret these findings with caution. Given that a majority of

patients had no change or a decrease in FOIS (n = 26), it
is possible that participants did not perceive improvement

in swallowing that translated to oral intake and thus fluc-

tuated in their motivation to exercise.

These findings could also be explained, in part, by

the dose of tongue exercise used in this protocol. Although

we used one commonly cited progressive, isometric lin-

gual exercise protocol of 3 times per day, 3 days per week

(T. Park & Kim, 2016; Robbins et al., 2005, 2007; Rogus-

Pulia & Hind, 2015), optimal dosing for tongue exercise
has not yet been definitively established (Burkhead et al.,

2007; McKenna et al., 2017). The importance of dose deliv-

ery in efficacy of resistance-based exercise is well established

in the rehabilitative literature, focusing on dose–response

studies of muscular strength in limb (e.g., arms and legs;

Latham et al., 2004; Ohkawara et al., 2007; Peterson et al.,

2005; Radaelli et al., 2015; Rhea et al., 2003). However, ex-

ploration of dose–response relationships in dysphagia exercise

therapies is relatively new and is not yet fully understood, as
shown by a recent review (Krekeler, Rowe, & Connor, 2020).

This study identified only one peer-reviewed publication

available using randomized controlled methodology to ex-

plore the effects of tongue exercise frequency on measures

of tongue strength and pressure generation during swallowing

tasks in healthy older adults (Van den Steen et al., 2020).

However, there are multiple components of dose (i.e., fre-

quency, intensity, duration, repetitions) that still must be

Figure 4. Changes in primary outcomes from baseline to posttreatment time points. For primary outcomes, maximum isometric pressure
(MIP) from pre- to posttreatment was significantly increased in both the front (A; p < .0001) and back (B; p = .008) sensors; Functional Oral
Intake Scale (FOIS) score, on average, was also increased (C; p = .005).
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Figure 5. Relationships between adherence and change in maximum isometric pressure (MIP) at front and back sensors and change in
Functional Oral Intake Scale (FOIS) score. There was no significant relationship between rate of adherence, dose, or accuracy and any of
the outcomes measured. For each outcome variable, the change from baseline to posttreatment (Posttreatment – Baseline) is represented
on the x-axis and rate of adherence with front or back sensor on the y-axis. A positive score indicates improvement. Correlation coefficients
(Pearson’s r for change in MIP, Spearman’s r for change in FOIS) and p values are displayed.
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Figure 6. High-adherence versus low-adherence individual participant data. Individual participant data are represented here from the top quartile
(A: high adherence front sensor, n = 9; C: high adherence back sensor, n = 7) and bottom quartile (B: low adherence front sensor, n = 10; D: low
adherence back sensor, n = 6) of adherence with front sensor lingual exercise. Each group of bars (3) represents data from one individual participant
for maximum isometric pressure (MIP) at baseline in blue, change in MIP from baseline in orange, and that individual’s average adherence in yellow.
Below each set of bars, the participant’s Functional Oral Intake Scale score at baseline, age, and diagnostic category for etiology of dysphagia
are listed. These participants are further grouped by whether or not they responded to treatment (responder vs. nonresponder), that is, whether
or not they had an increase in MIP at the front sensor after lingual exercise: Responders increased MIP as compared to baseline; nonresponders
decreased MIP as compared to baseline. CVA = cerebrovascular accident; HNC = head and neck cancer; Neurodeg = neurodegenerative.
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explored within specific patient populations, not just in

healthy individuals, to better understand and optimize

lingual exercise as a treatment of dysphagia (Burkhead

et al., 2007; Krekeler, Rowe, & Connor, 2020). Perhaps

an alternative amount of exercise, with a high level of pa-

tient adherence, would show a stronger relationship between

adherence with exercise and increased lingual pressure gen-
eration. Future studies should consider adherence reporting

(Krekeler et al., 2017) and dose delivery (Krekeler, Rowe, &

Connor, 2020) to better answer these questions.

Finally, an explanation of findings specific to the lack

of relationship noted between adherence and change in FOIS

could be due to lack of task specificity (Burkhead et al., 2007;

Langmore & Pisegna, 2015). This concept centers around

the fact that tongue exercise does not directly involve swal-

lowing but is dependent on “transference” of skill from ton-
gue strength to swallow physiology (Langmore & Pisegna,

2015). While tongue exercise is known to be effective in

multiple patient groups to increase tongue force and im-

prove swallowing outcomes, the evidence varies among peer-

reviewed studies, and it is difficult to make summative

statements spanning multiple patient populations regarding

translation of increases in lingual pressure generation or

tongue strength to improved swallowing function (Krekeler,

Rowe, & Connor, 2020; McKenna et al., 2017).

Limitations

Although findings of this retrospective study provide

important preliminary data that will inform the design of a

larger prospective trial, there are still several limitations to

this work. Given the retrospective design, this cohort of

Veterans, as part of a larger clinical program, are assigned

to treatment without a randomization component or a con-

trol arm. Furthermore, a portion of the participants in this
trial used the MOST device, with the other portion using

the SwallowSTRONG device. Although these platforms and

device structure are very similar, controlling for device type

in a prospective trial would be preferable.

While we recognize these limitations, we affirm that

the findings from this preliminary study provide relevant

data to establish the importance of conducting this work

in a future prospective and controlled trial. One strength to

this work is that these data were collected as part of an on-
going clinical program; thus, patient adherence data from

this pilot work are truly reflective of patient performance in

a device-facilitated lingual exercise program. However, given

the retrospective nature of this work, we were limited in asses-

sing exercise and adherence effects on physiological compo-

nents of swallowing impairment. Due to the clinical nature

of the videofluoroscopic swallow studies, bolus administra-

tion (type and size) was not standardized, which limits the

ability to perform in-depth, validated analyses of swallow-
ing impairments, such as using the Modified Barium Swal-

low Impairment Profile (Martin-Harris et al., 2008).

Finally, we were not adequately powered to assess

differences among dysphagia etiologies. Given the impact

of these primary conditions on underlying biomechanics of

swallowing, lingual exercise may result in differential bene-

fits across different patient groups (Barczi et al., 2000; Paik

et al., 2008). It is possible that examining these relation-

ships in more homogenous patient groups would reveal

different relationships between adherence, lingual strength,

and swallowing function and should be considered in the

design of future prospective trials.

Future Directions and Additional Considerations

Patient adherence and exercise dose should be care-

fully evaluated in future, prospective, controlled, and ran-

domized clinical trials in various patient populations to

better understand the influence of these factors on out-

comes related to lingual exercise. After the completion of

this preliminary work, we have identified and discussed here

several study design criteria that should be considered in fu-

ture larger trials to better understand these complex rela-

tionships (see Table 4). The next phase of study will allow
for the assessment of impact of lingual exercise adherence

and dose on swallowing physiology in a larger cohort. Once

we better understand how this type of intervention works,

what optimal exercise prescription looks like, and what

types of populations (i.e., etiologies and comorbidities) lin-

gual exercise programs will most benefit, we predict that

the relationships between adherence and outcomes will

likely be more forthcoming.

Conclusions

In this study, we demonstrated weak relationships

among patient adherence and outcomes of increased lin-

gual pressure as a result of lingual exercise. Furthermore,

improvements in functional oral intake as measured by FOIS

scores were not related to patient adherence. We believe these

pilot data indicate the need for future controlled, prospective

Table 4. Considerations for future trials examining adherence with
exercise treatments.

1. Prospective, randomized clinical trial with control and/or sham
treatment arm

2. Consideration of exercise dose (multiple dose groups + adherence
measures)

3. Unbiased measurement of both adherence and dose delivery
a. Direct observation or device facilitated

4. Consideration of baseline lingual pressure measurements (MIP)
a. During study inclusion, establish a cutoff for individuals with

normal–high MIP at baseline based on available normative
data for the lingual exercise device in use

b. During stratification to RCT study groups
c. During data analysis

5. Consideration of dysphagia etiologies and comorbidities in
adherence and response to treatment

6. Assessment of swallowing physiology using a gold-standard,
validated protocol (MBSImP)

Note. MIP = maximum isometric pressure; RCT = randomized
controlled trial; MBSImP = Modified Barium Swallow Impairment
Profile.
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investigation of patient adherence with lingual exercise

programs to improve treatment delivery, efficacy, and out-

comes from this dysphagia intervention.

Acknowledgments

This work was supported by National Institutes of Health

(NIH) Grants 1F31AG059351-01 and 1K23AG057805-01A1

(N. R.-P.) and NIH National Center for Advancing Translational

Sciences Grant UL1TR002373, through the Clinical and Transla-

tional Science Award program (N. R.-P.). The manuscript was

partially prepared at the William S. Middleton Memorial Veterans

Hospital in Madison, WI (GRECC Manuscript 2020-XXX). The

views and content expressed in this article are solely the responsibil-

ity of the authors and do not necessarily reflect the position, policy,

or official views of the Department of Veterans Affairs, the U.S.

government, or the NIH.

References

Adams, V., Mathisen, B., Baines, S., Lazarus, C., & Callister, R.

(2013). A systematic review and meta-analysis of measure-

ments of tongue and hand strength and endurance using the

Iowa Oral Performance Instrument (IOPI). Dysphagia, 28(3),

350–369. https://doi.org/10.1007/s00455-013-9451-3

American College of Sports Medicine. (2009). Progression models

in resistance training for healthy adults. Medicine & Science

in Sports & Exercise, 41(3), 687–708. https://doi.org/10.1249/

MSS.0b013e3181915670

Barczi, S. R., Sullivan, P. A., & Robbins, J. A. (2000). How should

dysphagia care of older adults differ? Establishing optimal prac-

tice patterns. Seminars in Speech and Language, 21(4), 347–364.

https://doi.org/10.1055/s-2000-8387

Belza, B., Topolski, T., Kinne, S., Patrick, D. L., & Ramsey, S. D.

(2002). Does adherence make a difference?: Results from a

community-based aquatic exercise program. Nursing Research,

51(5), 285–291. https://doi.org/10.1097/00006199-200209000-

00003

Burkhead, L. M., Sapienza, C. M., & Rosenbek, J. C. (2007).

Strength-training exercise in dysphagia rehabilitation: Princi-

ples, procedures and directions for future research. Dysphagia,

22(3), 251–265. https://doi.org/10.1007/s00455-006-9074-z

Cnossen, I. C., van Uden-Kraan, C. F., Rinkel, R. N., Aalders, I. J.,

de Goede, C. J., de Bree, R., Doornaert, P., Rietveld, D. H.,

Langendijk, J. A., Witte, B. I., Leemans, R., & Verdonck-de

Leeuw, I. M. (2014). Multimodal guided self-help exercise

program to prevent speech, swallowing, and shoulder prob-

lems among head and neck cancer patients: A feasibility study.

Journal of Medical Internet Research, 16(3), e74. https://doi.

org/10.2196/jmir.2990

Crary, M. A., Mann, G. D. C., & Groher, M. E. (2005). Initial

psychometric assessment of a functional oral intake scale for

dysphagia in stroke patients. Archives of Physical Medicine

and Rehabilitation, 86(8), 1516–1520. https://doi.org/10.1016/

j.apmr.2004.11.049

Feinstein, A. R. (1974). Clinical biostatistics. XXX. Biostatistical

problems in ‘compliance bias’. Clinical Pharmacology &

Therapeutics, 16(5, Pt. 1), 846–857. https://doi.org/10.1002/

cpt1974165part1846

Hutcheson, K. A., Bhayani, M. K., Beadle, B. M., Gold, K. A.,

Shinn, E. H., Lai, S. Y., & Lewin, J. (2013). Eat and exercise

during radiotherapy or chemoradiotherapy for pharyngeal

cancers: Use it or lose it. JAMA Otolaryngology—Head &

Neck Surgery, 139(11), 1127–1134. https://doi.org/10.1001/

jamaoto.2013.4715

Keskool, P., Warnpeurch, L., Ongard, S., Pitaksurachai, P.,

Nujchanart, N., & Kerdnoppakhun, J. (2018). The relation-

ships among objective measures of tongue strength and risk

of aspiration. Siriraj Medical Journal, 70(4), 302–309.

Kim, H. D., Choi, J. B., Yoo, S. J., Chang, M. Y., Lee, S. W., &

Park, J. S. (2017). Tongue-to-palate resistance training im-

proves tongue strength and oropharyngeal swallowing func-

tion in subacute stroke survivors with dysphagia. Journal of

Oral Rehabilitation, 44(1), 59–64. https://doi.org/10.1111/

joor.12461

Krekeler, B. N., Broadfoot, C. K., Johnson, S., Connor, N. P., &

Rogus-Pulia, N. (2017). Patient adherence to dysphagia recom-

mendations: A systematic review. Dysphagia, 33(2), 173–184.

https://doi.org/10.1007/s00455-017-9852-9

Krekeler, B. N., Broadfoot, C. K., Johnson, S., Connor, N. P., &

Rogus-Pulia, N. (2018). Correction to: Patient adherence to

dysphagia recommendations: A systematic review. Dysphagia,

33(2), 581–591. https://doi.org/10.1007/s00455-018-9903-x

Krekeler, B. N., Rowe, L. M., & Connor, N. P. (2020). Dose in ex-

ercise-based dysphagia therapies: A scoping review. Dysphagia,

36, 1–32. https://doi.org/10.1007/s00455-020-10104-3

Krekeler, B. N., Vitale, K., Yee, J., Powell, R., & Rogus-Pulia, N.

(2020). Adherence to dysphagia treatment recommendations:

A conceptual model. Journal of Speech, Language, and Hearing

Research, 63(6), 1641–1657. https://doi.org/10.1044/2020_

JSLHR-19-00270

Langmore, S. E., & Pisegna, J. M. (2015). Efficacy of exercises to

rehabilitate dysphagia: A critique of the literature. Interna-

tional Journal of Speech-Language Pathology, 17(3), 222–229.

https://doi.org/10.3109/17549507.2015.1024171

Latham, N. K., Bennett, D. A., Stretton, C. M., & Anderson, C. S.

(2004). Systematic review of progressive resistance strength

training in older adults. The Journals of Gerontology Series A:

Biological Sciences and Medical Sciences, 59(1), M48–M61.

https://doi.org/10.1093/gerona/59.1.M48

Lazarus, C., Husaini, H., Falciglia, D., DeLacure, M., Branski, R.,

Kraus, D., Lee, N., Ho, M., Ganz, C., Smith, B., & Sanfilippo, N.

(2014). Effects of exercise on swallowing and tongue strength in

patients with oral and oropharyngeal cancer treated with primary

radiotherapy with or without chemotherapy. International Journal

of Oral & Maxillofacial Surgery, 43(5), 523–530. https://doi.

org/10.1016/j.ijom.2013.10.023

Martin-Harris, B., Brodsky, M. B., Michel, Y., Castell, D. O.,

Schleicher, M., Sandidge, J., Maxwell, R., & Blair, J. (2008).

MBS measurement tool for swallow impairment—MBSImp:

Establishing a standard. Dysphagia, 23(4), 392–405. https://

doi.org/10.1007/s00455-008-9185-9

McKenna, V. S., Zhang, B., Haines, M. B., & Kelchner, L. N. (2017).

A systematic review of isometric lingual strength-training pro-

grams in adults with and without dysphagia. American Journal

of Speech-Language Pathology, 26(2), 524–539. https://doi.org/

10.1044/2016_AJSLP-15-0051

McNabb, W. L. (1997). Adherence in diabetes: Can we define it

and can we measure it? Diabetes Care, 20(2), 215–218. https://

doi.org/10.2337/diacare.20.2.215

Moon, J. H., Hahm, S. C., Won, Y. S., & Cho, H. Y. (2018).

The effects of tongue pressure strength and accuracy training

on tongue pressure strength, swallowing function, and qual-

ity of life in subacute stroke patients with dysphagia: A

preliminary randomized clinical trial. International Journal of

Rehabilitation Research, 41(3), 204–210. https://doi.org/10.1097/

MRR.0000000000000282

Krekeler et al: Lingual Exercise and Patient Adherence 1537



Namiki, C., Hara, K., Tohara, H., Kobayashi, K., Chantaramanee, A.,

Nakagawa, K., Saito, T., Yamaguchi, K., Yoshimi, K., Nakane, A.,

& Minakuchi, S. (2019). Tongue-pressure resistance training im-

proves tongue and suprahyoid muscle functions simultaneously.

Clinical Interventions in Aging, 14, 601–608. https://doi.org/

10.2147/CIA.S194808

Oh, J. C. (2015). Effects of tongue strength training and detrain-

ing on tongue pressures in healthy adults. Dysphagia, 30(3),

315–320. https://doi.org/10.1007/s00455-015-9601-x

Ohkawara, K., Tanaka, S., Miyachi, M., Ishikawa-Takata, K., &

Tabata, I. (2007). A dose–response relation between aerobic

exercise and visceral fat reduction: Systematic review of clini-

cal trials. International Journal of Obesity, 31(12), 1786–1797.

https://doi.org/10.1038/sj.ijo.0803683

Paik, N.-J., Kim, S. J., Lee, H. J., Jeon, J. Y., Lim, J.-Y., & Han,

T. R. (2008). Movement of the hyoid bone and the epiglottis

during swallowing in patients with dysphagia from different

etiologies. Journal of Electromyography and Kinesiology, 18(2),

329–335. https://doi.org/10.1016/j.jelekin.2006.09.011

Park, H.-S., Oh, D.-H., Yoon, T., & Park, J.-S. (2019). Effect of

effortful swallowing training on tongue strength and oropharyn-

geal swallowing function in stroke patients with dysphagia: A

double-blind, randomized controlled trial. International Journal

of Language & Communication Disorders, 54(3), 479–484. https://

doi.org/10.1111/1460-6984.12453

Park, J.-S., Hwang, N.-K., Kim, H.-H., Choi, J.-B., Chang, M.-Y.,

& Jung, Y.-J. (2019). Effects of lingual strength training on

oropharyngeal muscles in South Korean adults. Journal of

Oral Rehabilitation, 46(11), 1036–1041. https://doi.org/10.1111/

joor.12835

Park, J.-S., Kim, H.-J., & Oh, D.-H. (2015). Effect of tongue

strength training using the Iowa Oral Performance Instrument

in stroke patients with dysphagia. Journal of Physical Therapy

Science, 27(12), 3631–3634. https://doi.org/10.1589/jpts.27.3631

Park, T., & Kim, Y. (2016). Effects of tongue pressing effortful

swallow in older healthy individuals. Archives of Gerontology

and Geriatrics, 66, 127–133. https://doi.org/10.1016/j.archger.

2016.05.009

Peterson, M. D., Rhea, M. R., & Alvar, B. A. (2005). Applications

of the dose-response for muscular strength development: A

review of meta-analytic efficacy and reliability for designing

training prescription. The Journal of Strength and Conditioning

Research, 19(4), 950–958. https://doi.org/10.1519/00124278-

200511000-00038

Radaelli, R., Fleck, S. J., Leite, T., Leite, R. D., Pinto, R. S.,

Fernandes, L., & Simão, R. (2015). Dose-response of 1, 3,

and 5 sets of resistance exercise on strength, local muscular

endurance, and hypertrophy. The Journal of Strength and Con-

ditioning Research, 29(5), 1349–1358. https://doi.org/10.1519/

JSC.0000000000000758

Rhea, M. R., Alvar, B. A., Burkett, L. N., & Ball, S. D. (2003). A

meta-analysis to determine the dose response for strength de-

velopment. Medicine & Science in Sports & Exercise, 35(3),

456–464. https://doi.org/10.1249/01.MSS.0000053727.63505.D4

Robbins, J., Gangnon, R. E., Theis, S. M., Kays, S. A., Hewitt,

A. L., & Hind, J. A. (2005). The effects of lingual exercise on

swallowing in older adults. Journal of the American Geriat-

rics Society, 53(9), 1483–1489. https://doi.org/10.1111/j.1532-

5415.2005.53467.x

Robbins, J., Kays, S. A., Gangnon, R. E., Hind, J. A., Hewitt, A.

L., Gentry, L. R., & Taylor, A. J. (2007). The effects of lingual

exercise in stroke patients with dysphagia. Archives of Physical

Medicine and Rehabilitation, 88(2), 150–158. https://doi.org/

10.1016/j.apmr.2006.11.002

Rogus-Pulia, N., & Hind, J. (2015). Patient-centered dysphagia

therapy—The critical impact of self-efficacy. SIG 13 Perspec-

tives on Swallowing and Swallowing Disorders (Dysphagia),

24(4), 146–154. https://doi.org/10.1044/sasd24.4.146

Rogus-Pulia, N., Rusche, N., Hind, J. A., Zielinski, J., Gangnon, R.,

Safdar, N., & Robbins, J. (2016). Effects of device-facilitated

isometric progressive resistance oropharyngeal therapy on

swallowing and health-related outcomes in older adults with

dysphagia. Journal of the American Geriatrics Society, 64(2),

417–424. https://doi.org/10.1111/jgs.13933

Rosenbek, J. C., Robbins, J. A., Roecker, E. B., Coyle, J. L., &

Wood, J. L. (1996). A Penetration–Aspiration Scale. Dyspha-

gia, 11(2), 93–98. https://doi.org/10.1007/BF00417897

Rutten, G. M., Degen, S., Hendriks, E. J., Braspenning, J. C.,

Harting, J., & Oostendorp, R. A. (2016). Adherence to clinical

practice guidelines for low back pain in physical therapy: Do

patients benefit? Physical Therapy, 90(8), 1111–1122. https://

doi.org/10.2522/ptj.20090173

Sabaté, E. (2003). Adherence to long-term therapies: Evidence for

action. World Health Organization.

Shinn, E. H., Basen-Engquist, K., Baum, G., Steen, S., Bauman,

R. F., Morrison, W., Garden, A. S., Sheil, C., Kilgore, K.,

Hutcheson, K. A., Barringer, D., Yuan, Y., & Lewin, J. S.

(2013). Adherence to preventive exercises and self-reported

swallowing outcomes in post-radiation head and neck cancer

patients. Head & Neck, 35(12), 1707–1712. https://doi.org/

10.1002/hed.23255

Steele, C. M., Bayley, M. T., Peladeau-Pigeon, M., Nagy, A.,

Namasivayam, A. M., Stokely, S. L., & Wolkin, T. (2016). A

randomized trial comparing two tongue-pressure resistance

training protocols for post-stroke dysphagia. Dysphagia, 31(3),

452–461. https://doi.org/10.1007/s00455-016-9699-5

Steele, C. M., & Cichero, J. A. (2014). Physiological factors re-

lated to aspiration risk: A systematic review. Dysphagia, 29,

295–304. https://doi.org/10.1007/s00455-014-9516-y

Tipton, C. M., & American College of Sports Medicine. (2006).

ACSM’s advanced exercise physiology (Vol. 143). Lippincott

Williams & Wilkins.

Van den Steen, L., De Bodt, M., Guns, C., Elen, R., Vanderwegen, J.,

& Van Nuffelen, G. (2020). Tongue-strengthening exercises in

healthy older adults: Effect of exercise frequency—A randomized

trial. Folia Phoniatrica et Logopaedica. Advance online publica-

tion. https://doi.org/10.1159/000505153

Van den Steen, L., Schellen, C., Verstraelen, K., Beeckman, A. S.,

Vanderwegen, J., De Bodt, M., & Van Nuffelen, G. (2018).

Tongue-strengthening exercises in healthy older adults: Speci-

ficity of bulb position and detraining effects. Dysphagia, 33(3),

337–344. https://doi.org/10.1007/s00455-017-9858-3

Van den Steen, L., Vanderwegen, J., Guns, C., Elen, R., De Bodt, M.,

& Van Nuffelen, G. (2019). Tongue-strengthening exercises in

healthy older adults: Does exercise load matter? A randomized

controlled trial. Dysphagia, 34(3), 315–324. https://doi.org/

10.1007/s00455-018-9940-5

Yano, J., Yamamoto-Shimizu, S., Yokoyama, T., Kumakura, I.,

Hanayama, K., & Tsubahara, A. (2019). Effects of anterior

tongue strengthening exercises on posterior tongue strength in

healthy young adults. Archives of Oral Biology, 98, 238–242.

https://doi.org/10.1016/j.archoralbio.2018.11.028

1538 Journal of Speech, Language, and Hearing Research • Vol. 64 • 1526–1538 • May 2021


