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Abstract

Tongue-strengthening exercises (TSE) are based on the principles of exercise and motor learning, including intensity.
Intensity is manipulated by gradually adjusting the resistive load. This randomized controlled trial (RCT) investigates the
effect of three different values resistive load during TSE in healthy older adults. Sixty subjects completed 8 weeks of TSE
while exercising with lowa Oral Performance Instrument (IOPI). They were randomly distributed to 4 different treatment
arms: 3 exercise groups (EGl: n =15; EG2: n = 16, EG3: n = 16) and 1 control group performing lip-strengthening
exercises (CG: n = 13). Values of resistive load for EG1, EG2, and EG3 were 100, 80, and 60% 1RM, respectively.
Anterior and posterior maximal isometric pressures (MIP,, MIPp) were measured at baseline, after 4 and 8 weeks of
training and 4 weeks post-training. MIP, and MIPp in the EG were significantly higher than in the CG at all time points,
except baseline. No significant differences between EG were found, but some trends were observable. Anteriorly, the
higher the resistive load, the higher the increase in MIP. Posteriorly, 100% 1RM caused the highest values, followed by
60% and 80% 1RM. No detraining effects were measured. The degree of exercise load had a significant negative effect on
the registered success rate. This RCT confirms the efficacy of TSE in healthy older adults. For MIP, and MIPp, TSE at a
resistive load of 100% 1RM are the most efficient choice in this population, while lowering the resistive load will lead to an
increased success rate. No detraining effects were registered.
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Introduction

Regardless of etiology, the medical consequences of dys-
phagia are life-threatening and immensely demanding on
health care resources [1, 2]. Dysphagia also has a huge
impact on quality of life [3-5]. Therefore, identifying
effective methods of dysphagia treatment is a top priority
in rehabilitation research [2, 6].

Tongue-strengthening exercises (TSE) are a well-docu-
mented form of isolated non-swallowing exercises, and
interestingly leading not only to increased tongue strength
(TS) but also to improved swallowing function [7-18]. Oh
et al. [12] explain this carryover from tongue strength by
the direct impact from tongue strength on the oral phase of
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swallowing, including bolus formation, mastication, and
increasing intra-oral pressure. Sufficient intra-oral pressure
is needed to push the bolus quickly and safely through the
pharynx, preventing and/or clearing previous pharyngeal
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residue, thereby contributing to the avoidance of aspiration
[7, 17, 19]. It is generally accepted that TSE, like other
swallowing rehabilitation methods, should be based on
principles of cortical plasticity, motor learning, and muscle
strength training [9, 20, 21]. Part of these principles is
intensity, encompassing the amount of load, volume, and
duration of the exercise stimulus. Intensity can be manip-
ulated by adjusting the mechanical or resistive load placed
on the system over time [21]. Specified percentages of a
person’s maximal strength, referred to as single repetition
maximum (1RM), are used to define the resistive load and
thus the intensity of resistance training [21, 22]. Lower
loads result in less training effect, while high loads maxi-
mize effect [23]. Efficiently increasing the resistive load as
part of dysphagia rehabilitation is an elusive challenge [6].

General strength training guidelines, based upon skeletal
muscle rehabilitation, are unambiguous and recommend a
load of 60% 1RM in untrained individuals, while 80-85%
IRM elicit maximal gains for those who are trained
[24, 25]. Training at even higher loads is considered a risk
for muscle fatigue, reduced total load, or acute overuse
injuries, both with associated pain and function loss of the
muscles involved [26, 27]. However, training with an
insufficient load will fail to achieve the desired strength
improvement [25]. Historically, resistive loads in TSE vary
between 20 and 100% 1RM, with a majority of protocols
using 80% IRM [8-13, 15-18, 28, 29] and detraining
effects described 4 weeks post-treatment [15]. Noteworthy
is that even TSE at maximal load, equally 100% 1RM, does
not seem to result in fatigue or overuse symptoms like pain
and deterioration in tongue strength [13, 15, 16, 28]. Lit-
erature about tongue fatigue is scarce, but Solomon et al.
[30, 31] conclude that the tongue, like other facial muscles,
is generally fatigue resistant due to its composition out of
predominant fatigue-resistant type I and type Ila muscle
fibers [32, 33].

To our knowledge, orofacial problems following over-
use are only reported in research about professional
musicians [21, 26, 34]. Since the tongue, a muscular
hydrostat, has different characteristics than skeletal mus-
cles, it may be inappropriate to generalize general strength
training guidelines based on skeletal muscles. This specific
structure may lead to different responses to training regi-
mens based on the known principles of strength training
[6, 28, 35-38]. Although several studies on TSE mention
resistive load, research on the most efficient resistive load
is still lacking.

The purpose of this study was to investigate the training
and detraining effects of three different levels of resistive
load in healthy older adults on both anterior and posterior
maximum isometric tongue pressure (MIP, and MIPp),
namely, 60, 80, or 100% 1RM.

Our research hypotheses are that:
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(1) Regardless of resistive load, TSE will increase MIP o
and MIPp.

(2) Detraining effects will be observed.

(3) Lower resistive loads will improve the success rate
(i.e., the number of successful repetitions) during
training.

Methods
Participants

Sixty-three healthy older adults with a minimum age of
70 years were recruited in nursing homes by convenience
sampling. All participants were required to meet the fol-
lowing inclusion criteria: no cognitive deficit, as measured
by the Mini-Mental State Examination (score > 24) [39];
of Belgian origin and native speakers of Dutch allowing
comparison with the Belgian normative data [40]; MIP4
and MIPp within the 95%-prediction range of the patients’
age and sex [40]; able to complete the Yale Swallowing
Protocol [41]; thereby, ruling out silent aspiration and
possible as yet undocumented dysphagia. Subjects with a
history of neurogenic disorders [42—44], head and neck
cancer [14], and other health conditions with a possible
influence on tongue strength were excluded from this
study.

Study Design and Interventions

Participants were randomly assigned to 4 different treat-
ment groups. Three exercise groups (EG) completed TSE
at three different values of resistive load and one control
group (CG) performed lip-strengthening exercises (LSE).
LSE was chosen as standardized sham therapy for the
control group, because the instrumentation and training
regime are identical to the TSE [45], no training at all has
no effect on TS [13], and pharyngeal exercises may influ-
ence TS [46]. EGI1 trained at a resistive load of 100% 1RM,
EG2 at 80% 1RM, and EG3 at 60% 1RM. LSE were per-
formed at a resistive load of 80% 1RM. A new MIP and
correspondent levels of resistance were recalculated every
2 weeks according to the principle of progressive overload
[21]. All subjects completed three sessions per week on
non-consecutive days for a total of 8 weeks [47, 48]. Every
training session was conducted at the patients’ nursing
home and supervised by one of the researchers. Each ses-
sion involved 120 efforts (60 anterior and 60 posterior)
divided into 24 sets of 5 repetitions with 30 s rest following
each set. A successful repetition was defined as reaching
the target level for 3 s, using the biofeedback on the LED
by the IOPI. Figure 1 illustrates the inclusion and attrition
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Fig. 1 Inclusion and attrition of
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of the patients during the study protocol. Two people in
EG1 ended training, at their own initiative, before the
intermediate evaluation and 1 person from EGI1 discon-
tinued before the post-training evaluation. Finally, 15
subjects in EG1 (mean age 79 year (70-90), 7 males and 8
females), 16 subjects in EG2 (mean age 81 year (71-90), 7
males and 9 females), 16 subjects in EG3 (mean age
77 year (71-84), 3 males and 10 females) finished the
entire protocol.

Instrumentation

The Iowa Oral Performance Instrument version 2.3 (IOPI
Medical LCC, Redmond, WA USA) was used for MIP-
measurements and for monitoring tongue-palate pressures
during training in the EG and for monitoring lip closing
pressures during training in the CG. The location for MIP o
was determined by placing the part of the bulb closest to
the connecting tube in contact with the posterior face of the
upper incisors, thereby positioning the bulb against the
hard palate just posterior to the alveolar ridge. The location
for MIPp was determined by placing the main part of the
bulb at the level of the transition of the hard to soft palate.
A permanent mark on the connecting tube just anterior to
the incisors assures accurate placement for each MIPp
repetition and measurement, providing visual feedback for
the researcher and tactile feedback for the participant. This
marked bulb is used during training sessions to maintain

the accurate posterior location. MIP-measurements were
performed as described in  previous research
[28, 40, 49, 50]. For lip strength training, the patient was
asked to squeeze the bulb between the lips, as described by
Perry et al. [51]. For tongue strength as well as lip strength,
the LCD-screen on the IOPI displays the exerted pressure
in kPa and the LED lights display the exercise target as
visual feedback during training.

Outcome Measures

Anterior as well as posterior MIP were measured in every
group. The highest MIP value obtained over three repeti-
tions was recorded as described by Lazarus et al. [13].
MIP, and MIPp were performed at baseline, after 4 and
8 weeks training and 4 weeks after the last training session
to document possible detraining effects [15, 28]. A margin
of 48 h was tolerated for all evaluation moments to
accommodate for rescheduling.

Data Analysis

Statistical analysis was performed by means of SPSSv21.
Descriptive statistics, tests for normality (Kolmogorov—
Smirnov), Mixed Models Effects, post hoc analysis with
Holm-Bonferroni correction, and effect sizes (Cohen’s d)
were calculated. For analysis of success rate, One Way
ANOVA was used for all data. During analysis, there was
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one outlier in EG2 who was excluded from statistical
analysis based on an extreme increase of MIPp during and
post TSE, i.e., 2 SD higher than normative values. This
compromises the reliability of baseline measurements in
this subject. Statistical analysis was therefore performed on
a total of 62 subjects (n = 18 for EG1, n = 15 for EG2,
N =16 for EG3, and N = 13 for CG).

Results
Training and Detraining Effects on MIP,

There are no significant differences in tongue strength
among the four different groups at baseline (Table 1).
Significant effects on MIP, were found for the interaction
of treatment by time (F(9,164) = 6.037, p < 0.001) and
time (F(3,164) = 124.551, p < 0.001), but there is no sig-
nificant effect of treatment arm (F(3,58) = 2.652,
p = 0.057). At 4 weeks, 8 weeks, and detraining, MIP
values are significantly higher for all EGs in comparison
with the CG, but no other significant effects were found
(Table 1). Every level of resistance results in significant
increases in MIP, with at 8 weeks training, a minimum
increase of 50% from baseline (Table 2, Fig. 2). Although
there is no significant difference between the EGs, Fig. 2
illustrates the largest gain from baseline in MIP, in EG1
(+ 64%), followed by EG2 (+ 60%), and EG3 (+ 52%).
LSE result in a significant, but smaller increase of MIP,
(+ 14%) in comparison with the increases of MIP, fol-
lowing TSE. No significant detraining effects on MIP,
were found at 4 weeks post TSE (detraining) in comparison
with MIP, values at 8 weeks for any treatment arm. All
three exercise groups demonstrated large effect size from
4 weeks until 8 weeks (> 0.8 [52]), with no effects mea-
sured between 8 weeks and detraining (Cohen’s d < 0.2
[52]).

Training and Detraining Effects on MIPp
There are no significant differences in tongue strength

between EGs and CG at baseline (Table 3). For MIPp,
significant effects were found for the interaction of

treatment arm and time (F(9,164) = 5.762, p < 0.001),
treatment arm (F(3,57) = 3.051, p =0.036), and time
(F(3,163) = 88.034, p < 0.001). At 4 weeks, 8 weeks, and
detraining, MIP values are significantly higher for all EGs
in comparison with the CG (Table 3). Only TSE lead
towards significant increases in MIPp with a minimum gain
of 50% between baseline and 8 weeks post (Table 3,
Fig. 3). No significant increases in MIPp were measured in
the CG. Table 3 does not demonstrate any significant dif-
ference between the EGs, whereas Fig. 3 shows the largest
increase in MIPp in EGl (4 75%), followed by EG3
(+ 53%), and EG2 (+ 50%). LSE lead towards non-sig-
nificant increases of MIPp (+ 12%). No significant
detraining effects on MIPp were found at 4 weeks post TSE
in comparison with MIPp values at 8 weeks for any treat-
ment arm. Furthermore, three exercise groups demon-
strated large effect size from 4 weeks until 8 weeks
(Cohen’s d > 0.8 [52]), while no effect size is measured
between 8 weeks and detraining (Cohen’s d < 0.2 [52])
(Table 4).

Success Rate During Training

Figure 4 demonstrates the number of successful trials per
session, with a maximum of 120 attempts, over the 24
training sessions. There is a significant difference in the
ability to reach the goal between the three different exer-
cise groups (F(2,1109) = 689.860, p < 0.001), with the
highest number of successful attempts per session in EG3
(mean 109, range 59-120), less successful trials in EG2
(mean 85, range 15-118), and the lowest number of suc-
cessful trials in EG1 (mean 52, range 0-120).

Discussion

TSE are frequently used in dysphagia rehabilitation, but
research on the relation between dose of training and
training-efficacy is very limited. The main purpose of this
study was to compare different levels of the resistive load
in order to determine the most efficient level in healthy
older adults.

Table 1 Differences in MIP4

. Baseline
between the different treatment

4 weeks

8 weeks 4 weeks post

arms expressed as p values EGl EG2 EG3

EGl EG2 EG3 EGl EG2 EG3 EGlI EG2 EG3

CG 0.527 0.169
EGlI 0.403 0.621
EG2 0.732

0.285 0.007 0.031

0.158 0.000 0.006 0.012 0.002 0.067 0.008
0.598 0.171 0.121  0.051 0.209 0.647
0.411 0.719 0.418

TSE tongue-strengthening exercises
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Table 2 Summary of effect
sizes by group and time point

for MIP,

Fig. 2 Training effects on
MIPA for all treatment arms;

error bars: 95% CI

Baseline 4 weeks 8 weeks 4 weeks post
EG1 TSE
100% 1RM
Mean =+ SD (kPa) 36.9 + 9.1 525 £ 105 59.4 + 12.6 56.8 &+ 14.4
p <0.001° < 0.001 0.197°
Cohen’s d 1.64 2.12 - 020
EG2 TSE
80% 1RM
Mean =+ SD (kPa) 34.1 + 8.0 515+ 8.0 547 + 7.7 53.1 + 8.1
p < 0.001* < 0.001* 0.451°
Cohen’s d 2.72 3.26 —0.21
EG3 TSE
60% 1RM
Mean =+ SD (kPa) 353 + 6.8 48.6 &+ 7.6 53.6 & 731 56.1 & 8.8
p < 0.001? < 0.001? 0.200°
Cohen’s d 1.90 2.72 0.32
CG LSE
Mean =+ SD (kPa) 392499 435 + 10.2 445 + 11.7 46.5 + 12.6
p 0.044% 0.015% 0.355°
Cohen’s d 0.45 0.51 0.017

MIP, anterior maximal isometric pressure, 7SE tongue-strengthening exercises, LSE lip-strengthening
exercises, EG exercise group, CG control group

“Difference versus baseline

"Difference versus 8 weeks; large effect sizes (> 0.8) reflecting training effects are denoted in bold

65
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457

Mean MIPA (kPa)

40+

35

30

25

T
baseline

T
4 weeks

T
8 weeks

Time

T
4 weeks post

treatment arm

I EG1: TSE 100% 1RM

[ EG2: TSE 80% 1RM
EG3: TSE 60% 1RM
CG: LSE
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Table 3 Differences in MIPp

between the different treatment Baseline 4 weeks 8 weeks 4 weeks post

arms expressed as p-values EGI1 EG2 EG3 EGI EG2 EG3 EGlI EG2 EG3 EGI EG2 EG3
CG 0.228 0.872 0.633 0.001 0.002 0.004 0.001 0.002 0.003 0.001 0.05 0.009
EG1 0.279 0.446 0.883 0.608 0.811 0.623 0.129 0.379
EG2 0.743 0.721 0.810 0.507

TSE tongue-strengthening exercises

Fig. 3 Training effects on MIPP 707
for all treatment arms; error
bars: 95% CI

657

60—

557

50+

457

MIPP (kPa)

40+

357

304

treatment arm

I TSE 100% 1RM

[ TSE 80% 1RM
TSE 60% 1RM
LSE

25 T
baseline

Similar to previous research about TSE (and disregarding
the level of resistive load used in each study), the used pro-
tocol for TSE results in statistically significant and clinical
relevant increases in TS [7, 11, 13, 29, 53], implying that the
observed gains in TS do not appear to be attributable solely to
learning effects or overall energizing effects [15]. The
improvements documented in this study are more pronounced
in comparison with available research about the results of
TSE. This increase can presumably be explained by the high
amount of repetitions and exercise load.

Overall, there are no significant differences in gain of MIP
and MIPp between the three EGs after 4 and 8 weeks training,
but looking at the percentages of increased TS, some trends are
observable. For MIP4, lower loads result in less training effect,
while high loads maximize effect, at 8 weeks post-training,
with increases of 64, 60, and 52% for training at resp. 100, 80,
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T T

T
4 weeks 8 weeks 4 weeks post

Time

and 60% 1RM. Furthermore for MIPp, 100% 1RM resistive
load leads to a marked gain in TS (+ 75%) in comparison with
training at 80% 1RM (4 50%) and 60% 1RM (4 53%). It is
remarkable that, unlike suggested by general strength training
guidelines [26, 27], no overuse symptoms like diminished
function (decrease in TS) or reported pain are registered when
training at 100% 1RM. Three drop-outs occurred at 100%
1RM, but without reporting specific reasons. These findings are
in line with conclusions from Solomon et al. [30, 31] describing
the tongue as a fatigue-resistant muscle. Future research tar-
geting measurement of specific overuse symptoms, especially
in patients, is necessary.

No significant detraining effects are measured for any
treatment group after 4 weeks rest. Moreover, a maximum
loss of MIP, and MIPp is 5%, which can be considered as
clinical irrelevant [53].
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Table 4 Summary of effect
sizes by group and time point
for MIPp

Fig. 4 Mean n of successful
trials (max 120) per session for
all exercise groups; error bars:
95% C1

Baseline 4 weeks 8 weeks 4 weeks post
EG1 TSE
100% 1RM
Mean =+ SD (kPa) 302 + 83 479 + 114 527 £ 123 549 + 123
p <0.001° <0.001° 0.316°
Cohen’s d 1.84 2.22 0.19
EG2 TSE
80% 1RM
Mean =+ SD (kPa) 340+ 7.6 46.7 £ 9.3 51.1 +£99 48.6 + 89
p < 0.001* < 0.001* 0.271°
Cohen’s d 1.54 2.00 - 027
EG3 TSE
60% 1RM
Mean =+ SD (kPa) 32.8 + 4.4 454 + 10.0 50.3 + 8.1 51.1 = 10.8
p < 0.001? < 0.001? 0.702°
Cohen’s d 1.85 2.77 0.09
CG LSE
Mean =+ SD (kPa) 34.6 + 8.7 345+ 1222 389 £ 123 41.1 £ 11.8
p 0.948* 0.073% 0.344°
Cohen’s d - 0.01 0.42 0.019

MIPp posterior maximal isometric pressure, 7SE tongue-strengthening exercises, LSE lip-strengthening

exercises, EG exercise group, CG control group

“Difference versus baseline

"Difference versus 8 weeks; large effect sizes (> 0.8) reflecting training effects are denoted in bold

1207

100

80

60

succesful trials

40

20

treatment group

~ I EG3: TSE 60% 1RM
! EG2: TSE 80% 1RM
EG1: TSE 100% 1RM

12 3 45 6 7 8 9 1011 1213141516 17 18 19 20 21 22 23 24

training session
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As previously described, there are no significant dif-
ferences between the EGs in the outcome, but there is a
significant difference in feasibility to reach the exercise
goal: the highest number of successful attempts are mea-
sured in the EG with the lowest exercise load and vice
versa. Noticeable are recurring relapses in the number of
successful trials every 2 weeks (session 3, 12, and 18).
These relapses correspond to the different time points when
the resistive load is adjusted depending on the subject’s
achieved MIP (i.e., progressive overload). As illustrated in
Fig. 4, relapses are most pronounced in EG3, training at
100% 1RM, with less than 50% of the subject’s trials able
to reach training goals between 4 and 8 weeks training.

Thus, to determine a specific subject-dependent training
goal, it seems preferable to train at 100% 1RM for maximal
immediate gain in anterior as well as posterior tongue
strength. In people who need more positive, extrinsic
feedback, however, it is recommendable to adjust the
resistive load to 80 or even 60%, since there is no signif-
icant difference in outcome between training at different
values of resistive load, and the perception of succeeding
will be remarkably higher.

This randomized controlled study describes long-term
effects, uses isolated TSE instead of a combination of
various swallowing exercises, and includes a control group
of subjects performing different exercises than the study
group. Therefore, it can be concluded that TSE have well-
supported evidence for their efficacy and use [6, 21].
Although our study has three important limitations. First, it
relies upon healthy subjects, so it is important to repeat this
research in populations with dysphagia [50]. Secondly, our
conclusions are restricted to the development of tongue
strength, since we did not measure the evolution of the
swallowing function. Although increase in tongue strength
seems correlated with a gain in swallowing strength [12],
future research should also include swallow parameters. In
addition, more research is needed to determine the most
appropriate dosages for other muscle functions (e.g.,
endurance, power...), since various muscle functions may
have unique optimal dosage [54] and a different contribu-
tion to a safe and efficient swallow function. Finally, dif-
ferent parameters, amount of repetitions, and exercise load,
contribute to an effective training intensity [21]. Current
research compares different values of resistive load, but
dose-dependent research concerning the amount of repeti-
tions is lacking. Therefore, replication of this study pro-
tocol should not change the number of repetitions. Future
research is required to determine the impact of the volume
of repetitions per session and the interaction with resistive
load.

As speech-language pathologists are urged to use the
theoretical principles of strength training [6, 21, 55], it is of
major importance that the training principles based on
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skeletal muscles are tested on the unique physiology of the
tongue [15]. Like earlier research concerning specificity in
TSE [28], actual results demonstrate some differences
between the tongue hydrostat and other skeletal muscles.
In conclusion, this randomized controlled study con-
firms the increase of TS following TSE in healthy older
adults. Furthermore, these results suggest that for MIP, as
well as MIPp, TSE at a resistive load of 100% 1RM are the
most efficient choice in highly motivated subjects, while
lowering the resistive load to 80 or 60% 1RM will be more
suitable for participants with a lower frustration threshold.
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