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screening
• sarcopenia:	“generalized	muscle	weakness”

• European	Working	Groups	on Sarcopenia in	Older	People	(EWGSOP)

1.	low	skeletal	muscle	mass index	(kg/m2)	by	bioelectrical	
impedance	analysis	(BIA)
2a.	low	handgrip	strength	or
2b.	slow	walking	speed

must

and



screening
• sarcopenia	is	common	in	elderly!

• nursing	home	residents:	overall	38%
• 50%	in	frail	subjects	(1/4	of	population)

• hospitalized	patients
• hip	fracture:	17%	- 34%
• acute	care	wards:	17%

• associated	with	hospitalization and	mortality!
• often	co-etiology	&	important	recovery-predictor



screening
• sarcopenia

• may	involve	swallowingmuscles!
• clear	links	in	literature

oropharyngeal
dysphagia

sarcopenia



screening
• hand	grip	strength

• measurable	and	indicative	for	tongue	strength	
(r =	.33;	Sakai,	Dysphagia	2017)

• especially	in	men	(Wakasugi,	Gerodontology 2017)



screening
• measuring	tongue	strength is	more	function-
specific

• how?	are	their	many	options?!



tongue	- strength

• Iowa	Oral	Performance	Instrument	(IOPI)
• Erich	Luschei,	1988

• ‘alternatives’
• KayPentax Signals	Lab	(USA)
• SwallowSTRONG (USA)
• JMS/‘Handy	probe’	(Japan)
• Oropress (Ireland)



KayPentax Signals Lab SwallowSTRONG (JoAnn Robbins - USA)

JMS/Handy probe (Utanohara - Japan)

Oropress (Perry - Ireland)

Figure 2. Tongue strength measurement. Compressing an air‐filled bulb between the tongue and the hard palate and 
displaying the maximum tongue strength at the upper row (JMS, Hiroshima, Japan).

exercise is the most promising candidate for attenuating sarcopenia. In addition, supplemen‐
tation with essential amino acids, creatine, vitamin D, or testosterone was also indicated to 
be effective.

With respect to treatment of dysphagia in relation to sarcopenia, the effectiveness of resistance 
training intervention to improve tongue muscle function has been demonstrated. Robbins et al. 
[9] used the Iowa Oral Performance Instrument to examine the effect of an 8‐week progressive 
tongue resistance exercise program consisting of compressing an air‐filled bulb between the 
tongue and hard palate in 10 healthy older adults aged 70–89 years. The frequency of exercise 
was 30 times in a single session, three times a day, and 3 days a week. The exercise intensity 
level in that study was 60% of the maximum pressure in the first week and 80% of the maxi‐
mum pressure in the remaining 7 weeks. In this study, isometric tongue strength (baseline: 
mean 41 kPa; week 2: 44 kPa [nonsignificant difference]; week 4: 47 kPa [p = 0.02 compared to 
baseline]; week 6: 49 kPa [p = 0.01 compared to baseline]), tongue volume (change rate ranges 
from 2.16 to 10.68% upward), and peak swallowing pressure increased after the intervention. 
Tongue strength and thickness are decreased in sarcopenia but can have possible reversibility. 
The method used for measurement of tongue strength is described in Figure 2.

The effectiveness of the Shaker Exercise for strengthening the suprahyoid muscles is well‐
known in the field of dysphagia rehabilitation. The Shaker Exercise consists of an isometric 
component comprising three head lifts for 60 s each with a 60‐s rest period between two 
consecutive head lifts and an isokinetic component comprising 30 consecutive head lifts at 
constant velocity (Figure 3). Shaker et al. [84] and Easterling [85] examined the effect of this 
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IOPI



really?
• Comments	on	IOPI:

• why	do	I	need	expensive	equipment?
• I’m	an	experienced	clinician!

• Scientific	question:
• how	reliable	are	subjective	measurements?
• does	experience	make	you	more	reliable?



Clark	HM	et	al.	Relationships	among	subjective	and	objective	measures	of	
tongue	strength	and	oral	phase	swallowing	impairments.	

Am	J	Speech	Lang	Pathol.	2003

• subjective	vs objective	measurements	of	tongue	strength
• impact	of	experience	clinician

• experienced:	2	SLPs	(8	&	14	years	of	experience	in	oral	motor	examinations)
• inexperienced:	9	SLP	students	(without	prior	experience)

• n =	63
• variety	of	patients	in	age,	etiology,	and	moment	of	evaluation

• objective	strength:	IOPI
• subjective	strength:	tongue	spatula

• estimation	of	protrusion force	required	to	overcome	resistance	by	
clinician



Clark	2003
• relation	subjective	– objective	tongue	strength

• only reliable	differentiation	were	extremes:	normal	<>	very	weak

correlation Pmaximaal

global r =	.541

inexperienced r	=	.696

experienced r	=	.395



screening
• what	are	cut-offs?

• unanswered	question…

• but	we	have	normative	data!	(see	later)



Usage scenario’s
• screening
• pathophysiologic	diagnosis
• follow-up	
• therapy



stages of deglutition
• oral	phase

• oral	preparatory:	mastication	and	bolus	formation
• oral	transport

• pharyngeal	phase
• esophageal	phase



Oral	Transport	Phase	– Kahrilas ‘93

1. bolus	on	midline	tongue	groove	(end	oral	preparation)
2. upward	movement	of	tongue	to	hard	palate

from	tongue	tip	to	base-of-tongue	
à anterior	&	posterior	tongue	strength



Concept	of	Dysphagia	- Kahrilas,	Logemann	‘93

reconfiguration	oro- and	
hypopharynx	from	

respiration	to	deglutition

bolus	transport	
mechanisms

velopharyngeal	closure

laryngeal	closure

UES	opening

tongue	propulsion

pharyngeal	clearance

transition	from	respiratory	oropharynx	to	deglutative	oropharynx



Dysphagia-concept

Reconfiguration

OK not OK

Transport
OK OK Misdirected

not OK Weak	/Inefficient Delayed	/Mistimed



Weak	/	Inefficient	Swallow
• etiology:	deficient	bolus	driving	forces

• tongue	strength	=	most	important	but	also	others…
• pharyngeal	contraction	and	elevation
• hyolaryngeal	elevation
• UES	opening
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Residue
location etiology confirmation

base of	
tongue

↓	tongue	driving	force IOPI

valleculae ↓	tongue	driving	force	/	hyoid-elevation IOPI

lateral	
channels

↓	/	delayed	laryngeal	elevation	 palpation /	sEMG

↓ pharyngeal	action FEES /	VFES	/	manometry

larynx ↓	/	delayed laryngeal	closure FEES

piriform
sinuses

↓	pharyngeal	squeeze FEES

UES	mistiming FEES /	VFES	/	manometry

postcricoid inadequate	UES	opening FEES /	VFES	/	manometry

diffuse combination IOPI/FEES /	VFES	/	
manometry



pathophysiology
• “patho-”

• what	defines	“patho-”?
• normative	data!
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Abstract This study collected data on the maximum
anterior and posterior tongue strength and endurance in 420

healthy Belgians across the adult life span to explore the

influence of age, sex, bulb position, visual feedback, and
order of testing. Measures were obtained using the Iowa

Oral Performance Instrument (IOPI). Older participants

(more than 70 years old) demonstrated significantly lower
strength than younger persons at the anterior and the pos-

terior tongue. Endurance remains stable throughout the

major part of life. Gender influence remains significant but
minor throughout life, with males showing higher pressures

and longer endurance. The anterior part of the tongue has

both higher strength and longer endurance than the posterior
part. Mean maximum tongue pressures in this European

population seem to be lower than American values and are

closer to Asian results. The normative data can be used for
objective assessment of tongue weakness and subsequent

therapy planning of dysphagic patients.

Keywords Tongue ! Strength assessment ! Age-related
changes ! Endurance ! Deglutition ! Deglutition disorders

The tongue is the primary propulsive agent to accomplish
oropharyngeal swallowing [1], and it is generally accepted

that disordered lingual strength and coordination can con-

tribute to the loss of safe and efficient swallowing [2–5].
Objective evaluation of lingual functioning therefore is a

valid addition to clinical swallowing evaluations and should

replace unreliable subjective assessments [3]. The avail-
ability of normative data is a prerequisite when seeking

to determine the impact of tongue strength on observed

swallowing deficits. Several studies have documented the
range of maximum isometric tongue strength with respect to

age and gender in healthy individuals [2, 6–9]. In contrast,

studies on lingual endurance and its role in swallowing are
only recently emerging [2, 8, 10–12]. Additional research

that examines differences in tongue strength across age and

gender ideally should be conducted with large, stratified
samples and compared with prior investigations to deter-

mine if agreement exists and findings have been replicated.

As life expectancy increases, there is a strong need to include
sufficient numbers of elderly persons in these study popu-

lations. European reference data, however, are still lacking,
obstructing widespread clinical application of objective

tongue function assessment. Cross-national variation in

health is well established but cross-national research using
performance-based assessment is rare [13]. Skeletal muscle

strength is influenced by race [14, 15] and wide variations

exist even within one continent [16]. No such studies have
been performed in assessing the bulbar muscles, although

informal strength differences have already been reported

[17]. Therefore, the current study aimed to provide the first
European data on tongue strength and endurance and to

supplement the exploration of age- and sex-related differ-

ences in thesemeasures. The influence of additional parame-
ters was also evaluated to address potential methodological

questions.
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Normative data
• available

Jan$Vanderwegen$et$al.$The$influence$of$age,$sex,$bulb$position,$visual$feedback,$and$the$order$of$testing$on$maximum$anterior$and$posterior$tongue$
strength$and$endurance$in$healthy$belgian$adults.$Dysphagia.$2013$Jun;28(2):159J66.$doi:$10.1007/s00455J012J9425Jx.$

Tongue$strength$&$endurance$–$Belgian$normative$dataset$
MALES&
$ MIPant$$(kPa)$ $ $ MIPpost$(kPa)$
$ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $
age$ P5$ P10$ P25$ P50$ P75$ P90$ P95$ $ age$ P5$ P10$ P25$ P50$ P75$ P90$ P95$
20J30$ 33$ 43$ 51$ 60$ 64$ 73$ 85$ $ 20J30$ 27$ 29$ 37$ 49$ 58$ 72$ 77$
31J40$ 38$ 40$ 46$ 57$ 63$ 75$ 77$ $ 31J40$ 23$ 32$ 37$ 48$ 56$ 71$ 73$
41J50$ 27$ 38$ 47$ 57$ 67$ 73$ 76$ $ 41J50$ 25$ 36$ 46$ 52$ 62$ 69$ 69$
51J60$ 30$ 38$ 42$ 49$ 58$ 67$ 68$ $ 51J60$ 25$ 33$ 36$ 47$ 53$ 64$ 68$
61J70$ 12$ 19$ 33$ 42$ 56$ 62$ 65$ $ 61J70$ 11$ 13$ 29$ 44$ 54$ 65$ 67$
71J80$ 15$ 17$ 23$ 35$ 44$ 54$ 60$ $ 71J80$ 12$ 14$ 21$ 34$ 41$ 47$ 48$
80+$ 14$ 17$ 28$ 34$ 40$ 50$ 56$ $ 80+$ 9$ 13$ 23$ 32$ 39$ 46$ 48$
$
$ Endant,(sec)$ $ $ Endpost$(sec)$
$ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $
age$ P5$ P10$ P25$ P50$ P75$ P90$ P95$ $ age$ P5$ P10$ P25$ P50$ P75$ P90$ P95$
20J30$ 9$ 11$ 18$ 29$ 39$ 64$ 76$ $ 20J30$ 9$ 9$ 11$ 18$ 22$ 29$ 31$
31J40$ 8$ 8$ 17$ 27$ 56$ 93$ 162$ $ 31J40$ 8$ 9$ 10$ 19$ 27$ 34$ 40$
41J50$ 9$ 11$ 19$ 32$ 51$ 129$ 158$ $ 41J50$ 7$ 8$ 12$ 21$ 30$ 36$ 44$
51J60$ 6$ 7$ 17$ 27$ 40$ 50$ 55$ $ 51J60$ 4$ 7$ 10$ 19$ 25$ 49$ 58$
61J70$ 5$ 10$ 15$ 29$ 40$ 88$ 145$ $ 61J70$ 7$ 7$ 8$ 14$ 25$ 42$ 88$
71J80$ 8$ 8$ 13$ 20$ 31$ 51$ 71$ $ 71J80$ 4$ 5$ 8$ 11$ 15$ 28$ 36$
80+$ 5$ 6$ 9$ 17$ 31$ 50$ 70$ $ 80+$ 3$ 3$ 7$ 12$ 19$ 28$ 55$
$
MIPant$ anterior$$maximum$isometric$pressure$ $ MIPpost$ posterior$maximum$isometric$pressure$
Endant$ anterior$endurance$at$50%$of$MIPant$ $ Endpost$ posterior$endurance$at$50%$of$MIPpost$
$
$
$



MIP anterior

Results	– age	all
MIP posterior



Usage scenario’s
• screening
• pathophysiologic	diagnosis
• follow-up
• therapy



follow-up
• negative	direction

• progressive	decrease	of	tongue	strength
• reduction	of	oral	feeding	capabilities
• associated	with	death



NM	diseases:	ALS

ORIGINAL COMMUNICATION

Prognostic value of decreased tongue strength on survival time
in patients with amyotrophic lateral sclerosis
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Abstract Decreased tongue strength (TS) might herald
bulbar involvement in patients with amyotrophic lateral

sclerosis (ALS) well before dysarthria or dysphagia occur,

and as such might be prognostic of short survival. The
purpose of this study was to investigate the prognostic

value of a decreased TS, in addition to other prognostic

factors, such as site of onset, bulbar symptoms, bulbar
signs, age, sex, maximum phonation time, time from

symptoms to diagnosis, and gastrostomy, for survival time

in patients with ALS. TS was measured in four directions
in 111 patients who attended the diagnostic outpatient

motor neuron clinic of our university hospital. Of these

patients, 54 were diagnosed with ALS. TS was considered
abnormal if the strength in minimally one direction was at

least two standard deviations below the reference values

obtained from comparable age category and sex-groups of
healthy controls (n = 119). Twenty of the patients with

ALS had a decreased TS. Multivariable analysis showed

that, in addition to age, TS was an independent prognostic
factor for survival time in patients with ALS.

Keywords ALS ! Tongue strength ! Survival ! Prognosis

Introduction

Amyotrophic lateral sclerosis (ALS) is a progressive dis-
order caused by degeneration of both upper (UMN) and

lower (LMN) motor neurons in the bulbar and spinal

regions. The cause of ALS is not known and to date there is
no curative treatment. Knowledge of disease progression

and survival time is of utmost importance for clinical care

and research. The mean survival time is 3–5 years,
although a small minority of patients (7 %) may survive for

10 years or longer [1, 6, 7, 15, 27]. Several prognostic

factors for survival have been identified, such as age at
diagnosis or onset, time between first symptoms and first

examination, and site of symptom onset [6, 9, 11].

Survival is worse in patients with bulbar-onset ALS as
compared with spinal-onset ALS [6, 27, 28]. Moreover,

survival is significantly shorter in patients with bulbar

involvement at first assessment independent of the site of
onset [11, 27]. However, the strength of the association

between bulbar involvement and survival time might be
influenced by the way bulbar involvement is defined. Until

now, most studies have described bulbar involvement as

the presence of symptoms or signs of dysarthria or dys-
phagia. While studies have used questionnaires [7] and

quantitative bulbar measurements [2, 12, 18, 19, 21] to

describe bulbar changes, as far as we know an objective
noninvasive quantitative measure of bulbar involvement

has not been used to predict survival in ALS.

Tongue strength (TS) has been found to be a reliable
indicator of bulbar involvement in various diseases [3, 13,

17, 20, 22, 24, 26] and in animal models of ALS [8].

Reduced TS in ALS might be caused by both UMN and
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Department of Rehabilitation (898), Nijmegen Centre for
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NM	diseases:	ALS
• decreased	tongue	strength	might	herald	bulbar	involvement	

in	ALS	well	before dysarthria	or	dysphagia	occur…

LMN degeneration and can occur in patients with and

without clinical symptoms of dysarthria or dysphagia [12,
19]. Bulbar muscle weakness in ALS is usually more

pronounced in the muscles of the tongue than in muscles of

the lips and jaw [12, 19]. The reason for this is not known
but might be due to anterograde degeneration and the rel-

atively large representation of the tongue in the primary

motor cortex. Another possible explanation is that the
motor units of the tongue function near their maximum

firing rate under normal conditions, so compensatory
additional activation might not be possible [21].

In the present study, we prospectively studied the

prognostic value of a decreased TS compared to other
known prognostic factors for survival in ALS. TS was

assessed with a newly developed tongue force measure-

ment device.

Methods

Participants

All patients who were referred to the diagnostic outpatient

motor neuron clinic of the Radboud University Medical

Centre (Nijmegen, the Netherlands) between October 2003
and June 2007 were eligible (n = 111). Referral was based

on the medical suspicion of some form of motor neuron

disease. Patients were included prospectively provided that
a TS measurement could be performed on the same day as

the neurological examination and the diagnostic electro-

myography (EMG) investigation. An experienced neurol-
ogist (HJS) diagnosed the patients and determined the site

of disease onset on the basis of the first symptoms. TS was

measured by an experienced speech and language therapist
(JW). The maximum phonation time (MPT) was measured

to estimate vital capacity [11, 16], because with this

measurement it is also possible to assess voice quality. On
a single breath, patients were instructed to say /a:/ for as

long as possible. This procedure was repeated three times

and the maximum sustained phonation time was used for
analysis. The following data were recorded at time of the

initial assessment: age, sex, site of onset, bulbar symptoms,

bulbar signs, MPT, and TS.
Only patients with ALS [4] (‘possible’, ‘probable lab-

oratory supported’, ‘probable’, or ‘definite’ according to

the revised El Escorial criteria) at initial diagnosis or
during follow-up were included in this study (n = 54). All

patients were under the care of multidisciplinary rehabili-

tation teams specialized in ALS. Time from symptoms to
diagnosis, date of gastrostomy placement, and time to

death (if applicable) were collected during follow-up.

When necessary, survival status and gastrostomy place-
ment were determined by telephone calls.

Over the same time period, 119 healthy volunteers (aged

14–85 years) were asked to participate to obtain normal
reference values for TS [25], with careful dividing into

three age categories and sex groups (20 persons per group).

The volunteers were recruited in the academic medical
center (colleagues and partners of patients), from the per-

sonal environment (relatives and acquaintances), and after

advertising at swimming and bowling centers. Exclusion
criteria were a history of a neurological disease, other

diseases that might cause decreased oropharyngeal strength
(e.g., severe diabetes mellitus, chronic obstructive pul-

monary disease, or otolaryngologic problems), the absence

of teeth, and poorly fitting dentures.
The local ethics committee approved the study and all

participants provided informed consent.

Tongue strength

Transducer

The TS transducer used (Fig. 1a) was developed on the

basis of an earlier model [23, 26]. It consisted of a lever on
which four strain gauges were arranged in a Wheatstone

bridge configuration. The device was positioned between

the teeth, and the tongue was placed in a cup at the end of
the lever, and measurements in cranial, lateral, and frontal

directions were taken, involving intrinsic as well as

extrinsic tongue muscles. The left and right parts of the
mouthpiece of the transducer were covered with

Fig. 1 a Tongue strength measurement device. b The tongue strength
measurement device in use
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Forty-five patients died during the study, 8 patients were

still alive at the end of the study (one of whom had an
abnormal TS at diagnosis), and 1 patient was lost to fol-

low-up.

The reference group of healthy volunteers consisted of 58
men and 61 women aged 14–85 years. Table 2 shows the

age- and sex-specific reference values for TS in the left

direction and the cut-off values (i.e., age and sex specific
means -2 SDs). Reference values for the other directions

(right, cranial, and frontal) are available from the first author.
Kaplan–Meier estimates of time to death in patients with an

abnormal and normal TS are shown in Fig. 2 and those in

patients younger and older than 69 years are shown in Fig. 3.
Table 3 shows the crude HR (95 % CI) for time to death

using univariable proportional hazard model. A statistically

significant shorter survival time was associated with an

abnormal TS, bulbar onset, and older age. Table 3 also
shows the adjusted HR (95 % CI) for time to death of the final

multivariable proportional hazard model with a forward

selection procedure. Age and TS were significantly and
independently associated with time to death; site of onset

was not selected because of the strong correlation with TS.

Discussion

In this prospective study of newly diagnosed patients with

ALS, an abnormal TS and age were prognostic factors for
survival time independent of sex, presence of bulbar

symptoms or signs, baseline MPT (regarded as an estima-

tion of vital capacity [11, 16]), time from symptom onset to
diagnosis, and time to gastrostomy placement. Bulbar onset

was also associated with a poor survival, as reported pre-

viously [6]. However, a weak TS was associated with a
poor survival regardless of the site of ALS symptom onset.

Furthermore, a reduced TS at presentation is of more

prognostic value than the presence of bulbar symptoms or
signs. Thus, this independent non-invasive prognostic

variable might be useful to stratify patients in studies with

survival as primary outcome [10]. Information concerning
survival is essential to these patients. In addition, knowl-

edge that the bulbar muscles are weak might prompt a

multidisciplinary ALS team to consult a speech and lan-
guage therapist and a dietician, in order to prevent prob-

lems due to dysphagia. In contrast, disease progression will

probably be slower in patients with dysarthria but a rela-
tively normal TS, which would give the patient and the

team time to make plans.

The relatively poor survival of patients with an abnor-
mal TS might be because these patients are more likely to

develop dysphagia, which may give rise to malnutrition,

aspiration, and pulmonary infections, or because an
abnormal TS in patients with spinal onset might reflect a

spreading pattern of LMN involvement, which is associ-

ated with a faster progression [14].
The median age (64 years), age range (20–80 years),

and onset distribution in our study population were similar

to those reported in large demographic studies of ALS.
This may support the external validity of our findings [7,

11, 27]. However, the survival time was longer in our study

than in population-based studies, which may be because
our study was conducted in a tertiary care center [5]. In this

study the percentage of women is higher than in most other

studies. However, multivariable analyses with selection
procedure for men and for women, separately, showed that,

as expected, TS is of similar importance for the prediction

of survival in men and in women. Note that TS is already
corrected for sex and age.

Table 2 Mean, (SD) and cut-off value of the TS in the left direction
for the healthy volunteers categorized by sex, by age

Age
(years)

TS (Newton) in male TS (Newton) in female

n mean (SD) Cut-
off
valuea

n mean (SD) Cut-
off
valuea

14–40 23 8.01 (2.01) 3.99 24 5.48 (1.37) 2.74

41–60 16 6.53 (1.78) 2.97 17 5.04 (1.35) 2.34

61–85 19 4.47 (1.38) 1.71 20 4.49 (1.16) 2.17

a The cut-off value for abnormality is the mean value -2 SDs

SD standard deviation, TS tongue strength

Fig. 2 Kaplan–Meier estimates for time to death in patients with a
normal tongue strength (TS; solid line) or an abnormal TS (broken
line). Vertical bars indicate censured data. The p value for differences
between TS groups was 0.01 using the log rank test
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follow-up
• positive	direction

• increased	gain	in	tongue	strength	is	possible	due	
to	scientific	exercise	construction

• hugely	motivating	for	patients
• “What’s	my	number	today?”
• Forget	your	tongue	spatula	and	saying:	
“I	think	it’s	better…”



Usage scenario’s
• screening
• pathophysiologic	diagnosis
• follow-up
• therapy



Tongue strengthening exercises (TSE)

Aim	to	…	

1.		increase tongue-palate pressures
• anterior and posterior	part	of	the body	of	the tongue



Tongue strengthening exercises (TSE)

Aim to …	

1. increase	tongue-palate	pressures

2. improve	Pswal	à improved	bolus	propulsion	

3. improve	swallowing	function	(↓	residue	&	penetration/aspiration)



Specificity in tongue strength training 
 

Table 1 Literature overview of efficacy studies on tongue strengthening exercises 
Author N Subjects Therapy-protocol Exercises Target level Device Results 

MIPA MIPP 

Lazarus et al (2003) 
[12] 

31 young healthy adults 50 repetitions 
5x/week 
4 weeks 

ATSE 100% MIP IOPI +10kPa n/a 

         Robbins et al (2005) 
[26] 

10 healthy elderly 90 repetitions 
3x/week 
8 weeks 

ATSE week 1: 60% MIP 
week 2-8: 80% MIP  

IOPI +7kPa n/a 

         Robbins et al (2007) 
[27] 

10 stroke patients 30 repetitions 
3x/week 
8 weeks 

ATSE 
PTSE 

week 1: 60% MIP 
week 2-8: 80% MIP 

IOPI +16kPa +24kPa 

         Yeates et al (2004) 
[28] 

3 elderly with dysphagia 60 repetitions 
2-3x/week 
8-30 weeks 

ATSE 
PTSE 

50, 75, 100% MIP IOPI unsp ↑ unsp ↑ 

         Clark et al (2009) 
[25] 

39 healthy adults 30 repetitions 
7x/week 
9 weeks 

ATSE 100% MIP TD +6kPa n/a 

         Lazarus et al (2013) 
[29] 

31 patients with head and neck 
cancer  

50 repetitions 
5x/week 
6 weeks 

ATSE 
+TST 

100% MIP TD +2kPa n/a 

         Steele et al (2013) 
[30] 

6 patients with acquired brain 
injury & dysphagia  

60 repetitions 
2x/week 
11-12 weeks 

ATSE 
PTSE 

20-90% MIP IOPI unsp ↑ unsp ↑ 

         Oh et al (2015) 
[31] 

10 healthy adults 30min/day 
3x/week 
8 weeks 

ATSE 
PTSE 

week 1: 60% MIP 
week 2-8: 80% MIP 

IOPI +16kPa +16kPa 

         Park et al (2015) 
[32] 

15 stroke patients 100 repetitions 
5x/week 
6 weeks 

ATSE 
PTSE 
+TST 

80% MIP IOPI +19kPa +17kPa 

         Steele et al (2016) 
[33] 

11 stroke patients 60 repetitions 
2-3x/week 
6-12 weeks 

ATSE 
PTSE 

25-85% MIP IOPI n/a +19kPa 

         Rogus-Pulia et al (2016) 
[34] 

34 elderly with dysphagia 30 repetitions 
3x/week 
8 weeks 

ATSE 
PTSE 

week 1: 60% MIP 
week 2-8: 80% MIP 

MOST unsp ↑ unsp ↑ 

ATSE: anterior tongue strengthening exercises; PTSE: posterior tongue strengthening exercises; TST: traditional swallowing therapy; MIPA: anterior maximal isometric pressure; MIPP: posterior maximal isometric 
pressure, TD: tongue depressor; IOPI: Iowa Oral Performance Instrument; MOST: Madison Oral Strengthening Therapeutic Device; unsp ↑: unspecified significant increase; n/a: not applicable 
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Van den Steen et al.,  Dysphagia 2017 (submitted)

Growing evidence for TSE



Overload

• principles of	exercise
• sport	sciences
• ‘force	the neuromuscular system	beyond the

level	of	usual activity’

How to make TSE effective and efficient?



Overload

ü resistance
ü #	repetitions
ü frequency of	practice
ü duration

How to make TSE effective and efficient?



What is enough? 



Can we simply use the knowledge of 
sports science?



Can it be too much?



Resistance

• 1	Repetition	Maximum
• evidence	based	international	guidelines	

(American	College	Sports	Medicine)
• >	80%	1RM	might	cause	injuries	

0 60 100

strength % 1 
RM



Specificity in tongue strength training 
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• 60 %	à 80	%	1	RM	
• 80 %	1	RM
• 100 %	1	RM
• wide range	(20-90%	1RM)

Van	den	Steen	et	al.,		Dysphagia	2017	(submitted)

Literature



Resistance in TSE
• what is	the most	effective resistance in	TSE?	

• 100	%	>	80	%	>	60	%?	

• is	60	%	more	feasible?	



1. 70+	y.o.	

2. MMSE	>24

3. No	history	of	pathology	
with	possible	influence	on	
TS	and	swallowing

4. Passed	Yale	swallow	
protocol

5. TS-values	within	normal	
limits

n=	60

EG3
n=16

TSE	@
60%	1RM

EG2
n=16	

TSE	@
80%	1RM

EG1
n=15

TSE		@
100%1RM

CG
n=13

LSE	@
80%	1RM

RandomizationInclusion criteria

Randomized controlled trial (Van Nuffelen et al)



ü 8	weeks	TSE

ü 3	nonconsecutive	days/week

ü EGs:	120	tongue	presses/session	(60	ant,	60	post;	alternating	order)

ü CG:		120	lip	presses/session	

ü Instruction:	press	until	target	level	is	reached	àkeep	for	3	seconds

ü Progressive	overload:	new	1	RM	every	2	weeks

Randomized controlled trial (Van Nuffelen et al)



• significant	difference	between	control	group &	all	TSE-groups	@	4	&	8	weeks
• no significant	differences	between	the	TSE-groups

• MIP	anterior	(8	weeks)	:	+24	kPa	(100%) - +	21	kPa	(80%)	- +	17	kPa	(60%)

baseline 4w 8w baseline 4w 8w 4w	post4w	post

Effect on maximum tongue-palate pressures



• no	complaints	about	muscle	fatigue	or	pain
• no	drop-outs	due	to	pain	or	muscle	fatigue

• not	mentioned	in	TSE-literature

• tongue	=	muscle	hydrostat	
• no	skeletal	support
• constant	muscle	volume	during	contraction

• high	proportion	of	type	II	muscle	fibres	(fatigue	resistant)

• tongue	fatigue	resistant	?		
Kier	1985;	Gilbert	2007;	Sanders	2013;	Solomon	2000;	2004	

Can it be too much?



* p<.001

Number of successful repetitions



* p<.001

• positive feedback	on	performance

• adds to intrinsic motivation

• ‘Yes	you can’	

Number of successful repetitions



• HNC study	is	ongoing

• similar study in	patients with neuromuscular disorders

• meanwhile in	clinical practice (UZA):
• generally:	80	%	1	RM
• very	frail	patient	or	patient	with	low	intrinsic	motivation	à 60	%	1	RM

Preliminary conclusions…



Overload

ü resistance
ü #	repetitions
ü frequency of	practice
ü duration

How to make TSE effective and efficient?



Overload

ü resistance:	(60)	80%	1RM
ü #	repetitions:	120	reps/session
ü frequency of	practice:	3	times/week	
ü duration:	8	weeks	

à push	the system,	push	the patient

How to make TSE effective and efficient?



Yes, but… my patient has a serious gag reflex 



N	=	18
9	Males,	9	Females
Mean age 84	yr

(70-95	yr)

ATSE
N	=	9

PTSE
N	=	9

ATSE
N	=	7

PTSE
N	=	9

Yes, but… my patient has a serious gag reflex 



Results - MIPA

+72%	MIPA @	8w	ATSE

+15%	MIPA @	8w	PTSE

gain in	ATSE	>	PTSE:	p	=	.003



Results - MIPP

+60%	MIPP after ATSE

+44%	MIPP after PTSE

gain after ATSE	=	PTSE:	p	>	.05



Solution:
• then	practice	only	anteriorly
• but	double	the	number	of	anterior	reps	(eg	120)
• to	achieve	similar	total	overload	

Yes, but… my patient has a serious gag reflex 



Yes but… I can’t afford an IOPI
• talk	with ATOS	J

• tongue	depressor?	Yes	but	…
• no	visual	feedback
• no	feedback	on	performance	
• motivation?	
• level	of	resistance?
• no	progressive	overload

Lazarus	2003



In conclusion …

Measuring &	improving tongue	strength?	



In conclusion …

Measuring &	improving tongue	strength?	




