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Abstract Clinical tongue-strengthening therapy programs

are generally based on the principles of exercise and motor

learning, including the specificity paradigm. The aim of

this study was to investigate the specific effect of anterior

and posterior tongue-strengthening exercises (TSE) on

tongue strength (TS) in healthy older adults and to measure

possible detraining effects. Sixteen healthy elderly com-

pleted 8 weeks of TSE by means of the Iowa Oral Per-

formance Instrument (IOPI). They were distributed in two

different treatment arms and performed either exclusively

anterior or posterior TSE (ATSE, n = 9 or PTSE, n = 7)

depending on the treatment arm. Anterior and posterior

maximal isometric pressures (MIPA, MIPP) were measured

at baseline, halfway, and after completion of the training

sessions. Detraining was measured by repeating MIPA and

MIPP measures 4 weeks after the last session of TSE.

MIPA and MIPP increased significantly in both treatment

arms. MIPA was significantly higher in the ATSE group

compared to the PTSE group across all measures in time.

No significant differences were observed in MIPP between

the ATSE and PTSE groups. Regardless of treatment arm,

there was no significant detraining effect measured

4 weeks after the last TSE session. This study suggests that

TSE show partial specificity concerning bulb position. We

conclude that especially anterior training results in higher

anterior TS in comparison with posterior exercises. Fur-

thermore, we found no detraining effects, independent of

bulb location.

Keywords Dysphagia � Tongue-strengthening exercises �
Specificity � Bulb location

Introduction

Tongue strength (TS) contributes to an efficient and safe

swallowing function, since it is the main driving force for

food propulsion from the oral cavity to pharynx [1]. Pre-

vious research shows that insufficient TS is associated with

aspiration and endangers adequate oral nutrition [2, 3].

It is generally accepted that tongue-strengthening exer-

cises (TSE) should be based on the principles of motor

learning and international guidelines concerning muscular

training to be effective. These principles are rooted in the

physical rehabilitation literature, based on studies in major

skeletal muscles [4]. The human tongue, however, is a

muscular hydrostat, an organ without skeletal support, with

muscle fiber populations aligned both perpendicular and

parallel to the axis of the tongue. In contrast to skeletal

muscles, a hydrostat keeps the volume constant during

muscle contractions [5–7]. The muscular tissue is orga-

nized into both intrinsic and extrinsic muscle fibers, which
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function synergistically. In general, the contractions pro-

duced by the intrinsic elements are augmented and modi-

fied by extrinsic muscular elements. These combined

contractions allow changes in both tongue position and

shape, thus maintaining the hydrostatic condition [6, 8].

Therefore, it can be hypothesized that certain principles of

exercise may not be applicable to the tongue musculature.

One of the principles of motor learning concerns the

specificity paradigm. Specificity refers to how closely the

exercise task corresponds with the targeted outcome and

thus implies that training effects are most explicit when the

task resembles the end goal as much as possible [4, 9, 10].

Limited and preliminary evidence is available that training

specificity may be observed in the lingual musculature.

Research showed an indication of task specificity in

training the tongue musculature in rats [11]. Human data

show task specificity in TSE [12, 13], but without targeting

the specific location of the tongue. However, research has

shown that different regions in the tongue act diversely

through different stages during swallowing, although it

cannot be determined with certainty how many functional

segments might exist [14–19]. Most remarkable differences

in movement characteristics are found between the anterior

and the posterior tongue [15]. These areas play an impor-

tant role in the front-to-back bolus propulsion, which leads

the bolus to the pharynx [1, 16].

Research has clearly demonstrated the association

between TSE and increased isometric tongue-to-palate

pressure (maximal isometric pressure, MIP) [2, 20–24].

Consequently, there is an increased interest in developing

efficient and scientifically based TSE as shown in Table 1.

Listed training schemes result in positive effects on TS,

with detraining effects measurable from 4 weeks after

finishing TSE [25], but the composition of the different

protocols is quite variable. One of the variables is location

of the MIP, anterior or posterior (resp. MIPA or MIPP).

Most training schemes combine both locations based on the

presumption that different locations activate different

muscle groups. Up to now, there is limited attention to the

relationship between the specific location and the devel-

opment of TS.

Concerning the described specificity paradigm, we could

expect different results on anterior and posterior maximal

isometric tongue pressures (MIPA and MIPP) when training

exclusively the anterior or posterior part of the tongue.

Therefore, the purpose of this study was to investigate

the training and detraining effects of anterior and posterior

tongue strength exercises (TSE) on anterior and posterior

maximum tongue pressures (MIPA and MIPP).

Our research hypotheses are as follows:

(1) Anterior TSE will preferentially increase MIPA.

(2) Posterior TSE will preferentially increase MIPP.

(3) Detraining effects will be measurable 4 weeks after

finishing tongue strength training.

Methods

Participants

Initially 18 patients were included, 9 per treatment arm.

Two persons in treatment arm 1 (ATSE: anterior tongue-

strengthening exercises) ended training sessions at their

own initiative before 4 weeks of exercising. Data of these

subjects were excluded from further statistical analysis.

Consequently, 16 subjects (8 males and 8 females) with a

mean age of 84 years (range 70–95 years) were included

for final analysis. Seven subjects performed ATSE and 9

subjects PTSE. Subjects were healthy elderly with a min-

imum age of 70 years who were recruited in nursing

homes. All participants met the following inclusion crite-

ria: no cognitive deficit, as measured by the Mini Mental

State Examination [35]; Belgian origin, with Dutch as

native language allowing comparison with the Belgian

normative data [36]; MIPA and MIPP are within the 95%

prediction range of the patients’ age and gender [36]; and

able to complete the Yale Swallowing Protocol [37],

thereby ruling out silent aspiration. Subjects having a his-

tory of neurogenic disorders [38–40], head and neck cancer

[41], and other diseases with a possible influence on tongue

strength were excluded from this study.

Instrumentation

The Iowa Oral Performance Instrument version 2.3 (IOPI)

was used for both anterior and posterior MIP measurements

and for monitoring tongue–palate pressure values during

training sessions. The location of the bulb is based on the

findings of Steele et al. [15] and similar to the procedure

previously described by Van Nuffelen et al. [10]. MIPA
was measured at the level of the tongue blade, by placing

the most distal part of the bulb in contact with the frontal

incisors and thereby positioning the bulb against the hard

palate, just posterior to the alveolar ridge. MIPP was

measured at the level of the tongue dorsum, by placing the

top of the bulb against 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 [10]. The same bulb,

with permanent mark, is used during training sessions to

maintain the accurate posterior location. The LCD screen

displays the exerted pressure in kPa and the LED lights

display the exercise target of 80% MIP as visual feedback

during training.
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Study Design and Interventions

Participants were assigned to two different treatment arms

by means of convenience sampling. The ATSE group

performed solely anterior TSE, and the PTSE group per-

formed solely posterior TSE. Both treatment groups com-

pleted 3 sessions per week on nonconsecutive days for

8 weeks [42, 43]. Training sessions were conducted at the

patients’ nursing home and supervised by the researcher

without additional homework. Each training session

involved 120 tongue-pressure tasks divided in 24 sets of 5

repetitions with 30-s rest following each repetition, with

the target level set at 80% of the 1RM [26, 27, 31, 32, 34].

Patients were instructed to hold this effort for 3 s based on

the LEDs. Exercise levels were recalculated every 2 weeks

according to the principle of progressive overload. In order

to maximize gains over time, the absolute value of load

placed on the muscle must exceed the demand typically

encountered and progressively adjusted over the course of

the exercise program, to maintain the relative physiologic

load as a proportion of the maximal force-generating

capacity [4]. This described study design is represented

schematically in Fig. 1.

Outcome Measures

Regardless of the treatment arm, anterior as well as pos-

terior MIP values were measured. The highest MIP value

obtained over the first three repetitions was recorded. A

3-second time frame per attempt was used to reach the

maximum pressure. MIPA as well as MIPP was performed

at baseline, after 4 and 8 weeks of training and 4 weeks

after the last training session (outcome 1 (O1), outcome 2

(O2), outcome 3 (O3) resp.) to document possible

detraining effects similar to the study by Clark [25]. A

margin of 48 h was tolerated for O1, O2, and O3 (Fig. 1).

Data Analysis

Statistical analysis was performed by means of SPSS v21.

Descriptive statistics and tests for normality (Kolmogorov–

Smirnov), Mixed Models Effects, and post hoc analysis

with Holm–Bonferroni correction were performed for 16

participants (n = 7 for ATSE and n = 9 for PTSE).

Results

As illustrated in Table 2, the results of this study reveal the

increases in MIP during training for the ATSE as well as

the PTSE group. Significant effects of treatment arm are

represented in Fig. 2. For MIPA, there are significant

effects of treatment arm (F(1,14) = 12.863, p = .003),

outcome (F(3,42) = 27.279, p = .000), and the interaction

of group by time (F(3,42) = 9.105, p = .000). Post hoc tests

revealed that only MIPA was significantly higher in the

ATSE group in comparison with the PTSE group at all

measure moments, except baseline.

Analyzing MIPP as an outcome parameter (Fig. 3)

reveals significant effects of group (F(1,14) = 4.889,

p = .044) and time (F(3,42) = 37.137, p = .000). Post hoc

tests verified significant increases in MIPP for both groups

between baseline, O1, and O2. No significant differences

were observed in MIPP between the ATSE and PTSE

groups at any measure moment.

When post-treatment TS (outcome 2) is expressed as a

percent of TS at baseline, the degree of increase of MIPA is

72% (? 26.00 kPa) in the ATSE group and 15%

(? 5.11 kPa) in the PTSE group. The degree of increase of

MIPP is 60% (? 19.29 kPa) in the ATSE group and 44%

(12.67 kPa) in the PTSE group.

Regardless of training condition, there were small, but

insignificant changes in MIPA and MIPP 4 weeks after

training (outcome 3). When O3 is expressed as a percent-

age of MIP after TSE, the degree of decrease of MIPA is

6% for the ATSE group. MIPP decreases by 1% in the

ATSE group and by 5% in the PTSE group. There is a

slight, but limited increase of MIPA in the PTSE group

(? 5 kPa, 12%), even without specific training.

Discussion

Since Steele (2016) showed that the increase of TS in

patients ameliorates their swallowing function [33], the

development of efficient training schemes based on the

insights of motor learning is crucial to their rehabilitation.

Clark et al. [13] demonstrated task specificity for TSE in

comparison with endurance and power-targeted exercises.

The main purpose of our current study was to further

explore this principle of training specificity in the lingual

musculature.

Fig. 1 Study protocol for both

treatment arms (ATSE and

PTSE)
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The findings of this study suggest a specific training

effect from TS depending on the localization of the bulb.

According to the results in Table 1, anterior as well as

posterior TSE result in an increase of TS, but exclusively

anterior training results in a much larger gain (? 72%

MIPA) in comparison with only posterior practice (? 15%

MIPA). This may indicate a specificity effect of ATSE on

MIPA. Note that the amount of increase in MIPA measured

in this study is much higher than the increase observed in

other studies exclusively containing ATSE, as discussed in

Table 1 [12, 25, 26, 29]. Comparison is difficult due to the

different training parameters, but a possible explanation

could be the difference in repetitions per session, which is

much higher in the present study. This hypothesis should

be explored in future research.

A surprising finding in this study is the lack of this

specificity effect for PTSE. Training the anterior part of the

tongue results in higher posterior TS values (? 60% MIPP)

than posterior training (? 44% MIPP), although the dif-

ference is less explicit than the anterior effect discussed

before. Since there is actually no study available con-

cerning exclusively posterior training, comparison of the

increment from MIPP with other data is impossible. Per-

haps, the anterior bulb position is easier to tolerate by the

subjects and thus leads to a better exercise effect. Although

previous research in head and neck cancer patients does not

show a different feasibility of tongue strength measures

between anterior and posterior bulb locations [44], maybe

the total length of the full training protocol gives different

results. Another possible explanation for the lack of

Table 2 Training effects of TSE for 2 different treatment arms

MIPA (kPa) MIPP (kPa)

ATSE PTSE ATSE PTSE

Mean ± SD p Mean ± SD p Mean ± SD p Mean ± SD p

Baseline 35.9 ± 6.0 33.8 ± 7.9 32.3 ± 3.7 28.3 ± 6.1

4w TSE 55.0 ± 6.9 0.000a 40.2 ± 9.9 0.020a 46.6 ± 8.1 0.000a 37.4 ± 8.1 0.000a

8w TSE 61.9 ± 10.2 0.000a 38.9 ± 9.9 0.063a 51.6 ± 8.7 0.000a 41.0 ± 8.7 0.000a

Detraining 58.0 ± 10.0 0.211b 43.1 ± 9.8 0.122b 46.7 ± 8.5 0.051b 39.0 ± 10.3 0.354b

MIPA anterior maximal isometric pressure; MIPP posterior maximal isometric pressure; ATSE anterior tongue-strengthening exercises; PTSE

posterior tongue-strengthening exercises; 4w 4 weeks; 8w 8 weeks; TSE tongue-strengthening exercises
aDifference versus baseline
bDifference versus 8w TSE

Fig. 2 Evolution of anterior tongue strength for each treatment arm

during and after tongue strength training
Fig. 3 Evolution of posterior tongue strength for each treatment arm

during and after tongue strength training
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specificity during posterior training is based on the char-

acteristics of the tongue as muscular hydrostat. Training on

any part of the tongue causes adaption of other muscle

fibers to keep the volume of this organ constant during

movement and exercising [6–8]. Subsequently, ATSE can

lead to posterior compensation and possible training of the

muscular tissue, unlike the skeletal muscle groups.

Considering the rather limited research on the long-term

effects of swallowing rehabilitation and TSE [45], the

second purpose of our study was to investigate a possible

detraining effect of TS. Detraining in healthy adult subjects

was previously investigated by Clark [25] and Oh [31].

Clark [25] described significant decreases in lingual

strength 4 weeks post TSE, with remaining TS not differ-

ing from baseline. Oh [31], on the other hand, reported no

significant detraining until 8 weeks post treatment. But

reported measurements post 8 weeks remained signifi-

cantly greater than pre-training values. Present data

resemble the study of Oh [31], with no significant

decreases post 4 weeks.

A difference however between the present study and Oh

[31] is the mean age of participants. Our population is

remarkably older than the subjects in the study of Clark

(mean age 37.8 years) and the study from Oh (mean age

25.8 years). Even though older people are expected to be

more vulnerable to detraining effects [46, 47] than younger

subjects, the present study cannot support this statement.

Although we found a clear specificity effect from ATSE

and no significant detraining effect at four weeks of

detraining for anterior as well as posterior TS, our study

has some limitations. First, our population is rather limited

with only 7 subjects in the ATSE group. But this amount

seems tolerable in comparison with other studies on

specificity, where the mean number of participants per

treatment arm is situated between 5 and 10 [12, 13, 25].

Second, our specificity effect from bulb localization links

up with previous conclusions about the different anatomic

regions in the tongue [15], but we cannot assume that these

selected training locations necessarily represent distinct,

homologous functional units in the tongue. Until now, it is

unknown which muscle fibers within the tongue body were

most affected by TSE. Therefore, more profound physio-

logically based research in addition to behavioral outcomes

is necessary. Perhaps, other exercises rather than isolated

TSE are more appropriate to affect posterior tongue

strength. A third limitation that must be pointed out is our

choice to exclusively analyze possible training effects of

isolated TSM. If the results of our study can be generalized

to patients with dysphagia, they suggest to limit TSE to

anterior training. But effects on swallowing pressures,

coordination of swallowing, and swallowing safety are

interesting topics to consider before we can eventually

decide to solely train anterior tongue strength. A fourth and

last limitation is the limited duration in time considering

the detraining period. On the basis of studies on general

physical rehabilitation, Burkhead et al. [4] pointed out that

older people do show a significantly greater decrease in TS

than younger subjects, but the detraining period was longer

than ours with 52 weeks instead of 4. Future research on

detraining in TSE effects should implement a longer fol-

low-up period.

As speech-language pathologists, we aim to provide the

most effectively and efficiently based dysphagia rehabili-

tation [4, 21]. This study aimed to contribute to the

development of scientifically based rehabilitation schemes

for TS and consequently dysphagia depending on the

specific performing goals set up by the clinician. The

provided insights into specificity and detraining in healthy

older subjects, which will enhance the knowledge upon

which interventions can be built concerning dysphagia in

disordered populations.

Conclusion

In summary, the results of the present study show task

specificity in TSE depending on the localization of the

bulb, with higher increases of anterior TS when training

exclusively the anterior tongue. A remarkable finding is the

higher increase of posterior TS when training exclusively

anteriorly compared to posterior exercises. Our data con-

firm the possibility of TSE, but reinforce the significance of

the difference in training schemes between skeletal mus-

cles and the tongue as a muscular hydrostat.
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