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Abstract
Background: Reduced tongue strength is an important factor contributing to early and late dysphagia in head and
neck cancer patients previously treated with chemoradiotherapy. The evidence is growing that tongue
strengthening exercises can improve tongue strength and swallowing function in both healthy and dysphagic
subjects. However, little is known about the impact of specific features of an exercise protocol for tongue strength
on the actual outcome (strength or swallowing function). Previous research originating in the fields of sports
medicine and physical rehabilitation shows that the degree of exercise load is an influential factor for increasing
muscle strength in the limb skeletal muscles. Since the tongue is considered a muscular hydrostat, it remains to be
proven whether the same concepts will apply.
Methods/Design: This ongoing randomized controlled trial in chemoradiotherapy-treated patients with head and
neck cancer investigates the effect of three tongue strengthening exercise protocols, with different degrees of
exercise load, on tongue strength and swallowing. At enrollment, 51 patients whose dysphagia is primarily related
to reduced tongue strength are randomly assigned to a training schedule of 60, 80, or 100 % of their maximal
tongue strength. Patients are treated three times a week for 8 weeks, executing 120 repetitions of the assigned
exercise once per training day. Exercise load is progressively adjusted every 2 weeks. Patients are evaluated before,
during and after treatment by means of tongue strength measurements, fiber-optic endoscopic evaluation of
swallowing and quality-of-life questionnaires.
Discussion: This randomized controlled trial is the first to systematically investigate the effect of different exercise
loads in tongue strengthening exercise protocols. The results will allow the development of more efficacious protocols.
Trial registration: Current Controlled Trials ISRCTN14447678.
Keywords: dysphagia, pressure, rehabilitation, resistance, strength, tongue, training

Background
Chronic oropharyngeal dysphagia is a common sequela in
head and neck cancer survivors after chemoradiotherapy
[1–5]. Several studies have found that up to 70 % of this
population still have dysphagia 12 months after the end of
treatment [3–10]. Prolonged dysphagia in patients with
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head and neck cancer is commonly the result of a downward spiral in which muscle disuse and a never-ending
cascade of chemoradiotherapy-induced tissue fibrosis are
the main etiological factors [4, 5]. Subsequent loss of
muscle function and strength results in chronic, often
late-onset, swallowing problems that have both lifethreatening potential and a major negative impact on
quality of life [1, 3–10]. Several studies and publications
identify reduced tongue strength as an important mechanism of dysphagia in this population [1, 11, 12]. Tongue
strength is the main bolus driving force, and reduced
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tongue strength is related to pharyngeal residue and aspiration [1, 13–17]. Tongue strengthening exercises can
improve tongue strength and swallowing function in
both healthy and pathological populations, including
patients with chronic dysphagia following chemoradiotherapy [18–25]. Although the number of studies documenting positive outcomes has increased gradually, the
total number of subjects included remains limited, especially when considering the subgroup of patients.
Other studies, moreover, do not support these results
fully [24, 26, 27]. It can be hypothesized that the outcome of tongue strengthening exercises depends on a
number of influencing factors, such as the composition
and execution of the exercise protocol. Indeed, several
studies within the fields of sports medicine and physical
rehabilitation show that the effect of exercises on skeletal muscle strength depends on exercise protocol features, such as the number of repetitions, frequency of
practice, and exercise load [28–31]. These findings led to
the formulation of ‘principles of exercise’ or ‘principles of
strength training,’ which represent the guidelines for efficient exercise protocols [28, 32, 33]. However, evidence in
support of a straightforward application of these principles
to the oropharyngeal muscles – and more specifically, to
the tongue– is lacking at present [34, 35]. The tongue is a
unique muscle structure, a muscle hydrostat (that is, a muscular organ composed almost entirely of muscle and lacking typical systems of skeletal support) with differences in
muscle fiber composition and function, compared with
other skeletal muscles [34, 36–38] that might induce different responses to strengthening exercises.
So far, studies comparing different protocols for
tongue strengthening exercises are sparse and generally
performed in healthy populations. A study by Clark
et al. [20] in 39 healthy subjects revealed no differences
in outcome between a concurrent (three types of exercise in each therapy session) and sequential lingual
strength training protocol (a 3 week sequence of the different types of exercise). In addition, the principle of
training specificity was refuted (meaning that elevation,
protrusion, or lateralization exercises had equal and mutual effects). The same authors, however, indicated some
degree of specificity regarding tongue strength, endurance, power, and speed in a subsequent study group of
25 healthy adults [19]. Regarding training tools, no difference in outcome was demonstrated using either a
tongue depressor or the Iowa Oral Performance Instrument in healthy adults [19]. Considering training form,
an ongoing study by Steele and colleagues [39] is investigating the hypothesis that tongue strengthening exercises could yield better outcomes for swallowing liquids
in stroke patients if the exercises were modified to focus
on tasks with similar pressure profiles to those seen in
liquid swallowing in healthy people, taking into account
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both strength and timing (that is, skills training). Unfortunately, none of these studies methodically investigated
the effect of different degrees of exercise load or resistance (often expressed as a percentage of the 1-repetition
maximal force capacity (1-RM)). It is generally accepted
that exercises targeting skeletal muscles that do not
force the neuromuscular system beyond the level of
usual activity will not elicit adaptations, and consequently, the system must be overloaded progressively
(that is, the resistance should increase stepwise), to make
continual gains [28, 34]. The appropriate degree of resistance in skeletal muscle training depends on the goal
of treatment. Strength training is often performed at
high resistance levels (80–100 % 1-RM), whereas improving muscle power requires lower levels of resistance
(0–60 % 1-RM) [19, 28, 30, 31]. A meta-analysis by Rhea
et al. [40] demonstrated 80 % 1-RM to be most effective
for improving muscle strength in trained individuals,
whereas 60 % 1-RM elicits maximal gains in untrained
individuals [34, 40]. Thus, it can be assumed that gains
in strength are greater or achieved faster when practicing at higher resistance levels. However, some studies
suggest that training at more than 60 % 1-RM might
cause overuse injuries, especially in the inactive population or when resting periods are not respected [34, 40].
It should be noted that tongue strength improvement
was documented in several studies, each using different
levels of resistance. The therapy protocol used by Robbins
et al. [21, 22] comprises multiple repetitions at 60 % 1RM during the first week and 80 % 1-RM during the
following 7 weeks, including a progressive overload by a
biweekly determination of 1-RM. Other studies found improved tongue strength following tongue strengthening
exercises performed at maximal effort without reporting
overuse injuries [18, 20, 25]. Even exercise schedules with
randomly chosen resistance levels for each repetition that
varied between 20 and 90 % of the patient’s maximum isometric capacity, were found to improve tongue strength
[23, 24]. Since these studies not only address different
populations but also vary in a number of methodological
aspects, it is not possible to draw any definitive conclusions regarding preferential exercise load for tongue
strengthening exercises. The goal of the proposed randomized controlled trial (RCT) is to systematically investigate the effect of levels of resistance on tongue strength
and the subsequent swallowing function in dysphagic patients with head and neck cancer previously treated with
chemoradiotherapy.

Methods/Design
Study objectives

The goal of this study is to investigate the differences in
tongue strength gain between three tongue strengthening exercise protocols that only differ by the levels of
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resistance used with every repetition (60, 80, or 100 % of
the patient’s 1-RM).
Study design

The outline of this RCT is presented in Fig. 1. Subjects
are evaluated prior to treatment, after 4 and 8 weeks of
treatment, and 4 weeks after the last therapy session.
The maximal interval between baseline evaluation and
the start of therapy is 1 week. Evaluations during and
after therapy will tolerate a margin of 48 hours at the
most to accommodate transport and office schedules.
All measurements, the twice weekly determinations of
1-RM, and supervision of the treatment will be carried
out by experienced speech language pathologists. Subjects perform three therapy sessions per week (totaling
24 sessions) on nonconsecutive days to allow for sufficient rest periods. Each therapy session consists of 120
tongue presses: 60 anterior repetitions and 60 posterior
repetitions. These 60 repetitions are divided into 12 sets
of five repetitions with obligatory rest periods of 60 s
between sets. Therapy sessions start in alternating
order with either anterior or posterior repetitions. Subjects are randomly assigned to group 1 (levels of resistance at 100 % 1-RM), group 2 (levels of resistance at 80 %
1-RM), or group 3 (levels of resistance at 60 % 1-RM). In
accordance with the principle of progressive overload, 1RM is determined at baseline and subsequently every 2
weeks during training.
Exercises are performed using the Iowa Oral Performance Instrument (model 2.2, Fig. 2). This is a handheld
manometer attached to an air-filled bulb. A digital display
readout shows the amount of pressure generated by
squeezing the bulb with the tongue, expressed in kilopascals (kPa). The device allows the user to set a target value
or target levels of resistance manually (for example, 80 %
1-RM). Visual feedback of the pressure exerted is provided
by a vertical series of light emitting diodes in which the
uppermost light corresponds to 100 % of the target levels
of resistance. Subjects are instructed to push the tongue
bulb against the palate as hard as necessary according to
the selected resistance and hold this amount of effort for 3
s. During the anterior repetitions, the proximal end of the
bulb is positioned immediately behind the upper teeth at

baseline 4 weeks intervention

the midline of the palate. Posterior positioning is done by
placing the distal tip of the bulb at the transition between
hard and soft palate, again at the midline of the palate. A
permanent mark on the connecting tube just anterior to
the incisors assures accurate placement for each repetition
and measurement.
Study population

This study is carried out in chemoradiotherapy-treated
patients with head and neck cancer who have chronic
dysphagia (that is, dysphagia that has been present for at
least 1 month and no earlier than 6 months after the last
day of radiation treatment) that is at least partly attributable to insufficient tongue strength. Insufficient tongue
strength is defined as the presence of residue at the base
of tongue or in the valleculae, as diagnosed during fiberoptic endoscopic evaluation of swallowing (FEES) at
baseline. A person’s age- and sex-specific maximum isometric tongue pressure (MIP) is not a crucial factor for
inclusion; this means that subjects with MIP values
within the 95 % prediction interval of established normative data [41] are not excluded. Candidates for enrollment are both men and women older than 18 years
without cognitive, language, motor, hearing, or visual
deficits that could interfere with the correct execution of
the training. Exclusion criteria are a history of major oral
or head and neck surgery and neurological disorders
with an impact on oral function or swallowing (including
stroke, traumatic brain injury, Parkinson’s disease, amyotrophic lateral sclerosis). Concurrent oral motor exercises or swallowing maneuvers to improve swallowing
are not allowed during the study period.
Randomization

Subjects are assigned to one of the three therapy
groups based on a sequence generated by the online
randomization tool at www.randomizer.org. Clinicians
involved in the inclusion procedure are blinded to this
assignment by using numbered and sealed envelopes.
Limitations of the study

The inclusion of a control group would obviously
strengthen the proposed study design. The authors

4 weeks intervention

4 weeks no
intervention

evaluation of tongue strength, swallowing function and quality of life
Fig. 1 Outline of the trial

end
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Tongue strength measurements

To obtain MIP (expressed as kPa), the participant
pushes the tongue bulb of the Iowa Oral Performance
Instrument as hard as possible against the palate for 3 s,
both at the anterior and posterior positions (as described
in ‘Study design’). The highest value of three trials is
considered the MIP and will be used for further analysis.
The MIP is the primary outcome variable of interest.
Swallowing function

Fig. 2 Iowa Oral Performance Instrument (image duplicated with
permission of Tara Hart, CEO of IOPI Medical LLC)

decided to leave out this additional study arm, owing to
concerns with feasibility and given the exploratory character of this RCT. Further support for this decision is the result of a previous study showing a significantly higher
effect on MIP in experimental groups performing tongue
strengthening exercises than in a control group, even with
a relatively small sample size [42].
Another possible limitation of this RCT is the lack of
stratification. Overall, stratification was not considered
because of the exploratory character of this RCT. With
regards to the most evident stratification factors, ‘radiation dose’ and ‘tumor characteristics’ [43–45], it should
be noted that inclusion is based on functional swallowing deficits, implicating underlying RCT-induced neuromuscular failure in all subjects regardless of tumor
characteristics or radiation dose.

Outcome measures

The outcome measures in this RCT are divided into three
main categories: (1) tongue strength measurements, (2)
evaluation of the swallowing function, and (3) evaluation
of quality of life. A team of experienced speech language
pathologists and otolaryngologists will perform the
evaluations.

Swallowing function is evaluated using a comprehensive
FEES examination, the Mann Assessment of Swallowing
Ability – Cancer (MASA-C) [46], the Functional Oral
Intake Scale [47] and a self-evaluation. For the latter, a
100 mm visual analogue scale is used, with the ends defined as ‘I can’t swallow’ (0) and ‘I don’t have any swallowing difficulties’ (100). Both the FEES and MASA-C
are conducted with four different bolus types: 5 and 10
ml of thin liquid, and 5 and 10 ml of yogurt. Each bolus
type is administered three times. Outcome measures for
FEES are the Penetration-Aspiration-Scale [48], the Carnaby Videofluoroscopy Evaluation scales for dysphagia
and aspiration [49], the Pooling-score [50] and the Boston Residue and Clearance Scale (BRACS) [51]. The latter will be completed for each bolus type after the first
and third bolus. Patients with a score of 1 or higher for
the BRACS items ‘base of tongue’ or ‘valleculae’ at baseline, as judged by an experienced clinician, can be considered for inclusion. All FEES examinations will be
digitally recorded for data analysis. Separate video clips
per participant and per bolus type will be randomized
and judged by two blinded and experienced clinicians.
Quality of life

Swallowing-related quality of life will be surveyed by
means of the Dutch version of the Swallowing Qualityof-Life Questionnaire [52] and the Dysphagia Handicap
Index [53].
Sample size calculation

The sample size calculation is based on the primary outcome variable (that is, MIP) and performed using
GLIMMPSE [54]. With evolution of the mean values
based on preliminary data of previous studies investigating the effect of tongue strengthening exercises on the
evolution of MIP (SD MIPa 4.2 kPa; SD MIPp 4.5 kPa ;
basic correlation 0.4 and decay rate 0.5) [25, 45] a total
sample size of 45 participants (15 per group), not taking
into account dropouts, is needed to demonstrate a statistically significant effect of levels of resistance at a P
value of 0.05 and a power of 0.8 when using repeated
measures with Geisser–Greenhouse correction (3 groups
× 4 time points). The targeted total sample size is 51.
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Data analysis

Data will be analyzed using a repeated measures analysis
with post-hoc testing, using the most recent version of
IBM SPSS Statistics (V22.0) and R software.
Study sites

This is a single-center study. The study is carried out at
the Rehabilitation Center for Communication Disorders
of the Antwerp University Hospital, Belgium.
Ethical approval

This research protocol was reviewed and approved by
the Ethical Committee of the Antwerp University Hospital and the University of Antwerp (Ethisch Comité van
het Universitair Ziekenhuis Antwerpen en de Universiteit Antwerpen, 14/24/253). The Belgian registration
number is B300201421549. Informed consent is obtained from each participant.

Discussion
There is growing evidence that tongue strengthening exercises can improve tongue strength and swallowing function in both healthy and dysphagic subjects, including
patients with head and neck cancer treated with chemoradiotherapy. There is still a need for additional insight in
how to develop the most efficient tongue strengthening
exercise protocol. The planned RCT will provide supplemental information on which to base clinical decisions
during swallowing rehabilitation in people with head and
neck cancer. These concepts could also be useful when
treating patients who do not have head and neck cancer
but who have dysphagia related to reduced tongue
strength.
Trial status
Enrollment is currently ongoing. The target completion
date is 2016.
Abbreviations
1-RM: 1-repetition maximal force capacity; BRACS: Boston Residue and
Clearance Scale; FEES: fiber-optic endoscopic evaluation of swallowing;
MASA-C: Mann Assessment of Swallowing Ability – Cancer; MIP: maximum
isometric tongue pressure; RCT: randomized controlled trial.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
GVN, the principle investigator of this study, designed the protocol, was
involved in drafting this manuscript, and is coordinating the trial. LVDS
actively contributed to the study methods and this manuscript and is a
member of the clinical team performing the trial. OV contributed to the
quality of this manuscript and is involved in running this clinical trial. PS was
involved in drafting this manuscript and is involved in enrollment of
participants. CVL was involved in preparation of the manuscript and takes
care of the inclusion of the subjects. DVR actively contributed to the
protocol and plays a role in the inclusion procedure and execution of this
study. SM contributed to the manuscript and takes care of identifying
possible participants. CG was involved in designing the protocol and writing

Page 5 of 6

the manuscript, and is a member of the clinical team conducting the trial.
MP contributed to the quality of the manuscript. PVDH revised the
manuscript. JV made considerable contributions to the manuscript and
participated in the construction of the study protocol. MDB made
considerable contributions to the manuscript. All authors read and approved
the final manuscript.
Acknowledgements
This study is partially funded by the Belgian Cancer Plan (KPC29_033). The
authors thank all members of the KPC29_033 group and all speech language
pathologists of the Antwerp University Hospital for their contributions to this
study.
Author details
1
Department of Otolaryngology and Head & Neck Surgery – Rehabilitation Center
for Communication Disorders, Antwerp University Hospital, Antwerp, Belgium.
2
Faculty of Medicine and Health Sciences, University of Antwerp, Antwerp,
Belgium. 3Department Medical Oncology, Antwerp University Hospital, Antwerp,
Belgium. 4University College Thomas More, Antwerp, Belgium. 5Department of
Otolaryngology and Head & Neck Surgery, UMC Sint-Pieter, Brussels, Belgium.
6
Faculty of Speech, Pathology and Audiology, Ghent University, Ghent, Belgium.
Received: 2 April 2015 Accepted: 28 July 2015

References
1. Lazarus CL. Effects of chemoradiotherapy on voice and swallowing. Curr
Opin Otolaryngol Head Neck Surg. 2009;17(3):172–8.
2. Nguyen NP, Moltz CC, Frank C, Vos P, Smith HJ, Karlsson U, et al. Long-term
aspiration following treatment for head and neck cancer. Oncology.
2008;74(1–2):25–30.
3. Maurer J, Hipp M, Schäfer C, Kölb O. Impact on quality of life after
radio(chemo)therapy of head and neck cancer. Strahlenther Onkol.
2010;11:744–9.
4. Raber-Durlacher JE, Brennan MT, IM V-d l, Gibson RJ, Eilers JG, Waltimo T,
et al. Swallowing dysfunction in cancer patients. Support Care Cancer.
2010;20:433–43.
5. Rosenthal D, Lewin J, Eisbruch A. Prevention and treatment of dysphagia
and aspiration after chemoradiation for head and neck cancer. J Clin Oncol.
2006;24(17):2636–43.
6. List MA, Siston A, Haraf D. Quality of life and performance in advanced
head and neck cancer patients on concomitant chemoradiotherapy: a
prospective examination. J Clin Oncol. 1999;17:1020–8.
7. Oates JE, Clark JR, Read J. Prospective evaluation of quality of life and
nutrition before and after treatment for nasopharyngeal carcinoma. Arch
Otolaryngol Head Neck Surg. 2007;133:533–40.
8. Hammerlid E, Mercke C, Sullivan M, Westin T. A prospective quality of life
study of patients with laryngeal carcinoma by tumor stage and different
radiation therapy schedules. Laryngoscope. 1998;108:747–59.
9. De Graeff A, De Leeuw RJ, Ros WJG. A prospective study on quality of life of
laryngeal cancer patients treated with radiotherapy. Head Neck.
1999;21:291–6.
10. Logemann JA, Pauloski BR, Rademaker AW, Lazarus C, Mittal B, Gaziano J,
et al. Xerostomia. 12-month changes in saliva production and its
relationship to perception and performance of swallow function, oral intake,
and diet after chemoradiation. Head Neck. 2003;177:432–7.
11. Lazarus CL, Logemann JA, Pauloski BR. Swallowing and tongue function
following treatment for oral and oropharyngeal cancer. J Speech Lang Hear
Res. 2000;43:1011–23.
12. Lazarus CL, Logemann JA, Pauloski BR. Effects of radiotherapy with or
without chemotherapy on tongue strength and swallowing. Head Neck.
2007;29:632–7.
13. Hori K, Taniguchi H, Hayashi H, Magara J, Minagi Y, Li Q, et al. Role of
tongue pressure production in oropharyngeal swallow biomechanics.
Physiol Rep. 2013;1(6):191–8.
14. Dejaeger E, Pelemans W, Ponette E, Joosten E. Mechanisms involved in
postdeglutition retention in the elderly. Dysphagia. 1997;12(2):63–7.
15. Pauloski BR, Rademaker AW, Lazarus C, Boeckxstaens G, Kahrilas PJ, Logemann
JA. Relationship between manometric and videofluoroscopic measures of
swallow function in healthy adults and patients treated for head and neck
cancer with various modalities. Dysphagia. 2009;24(2):196–203.

Van Nuffelen et al. Trials (2015) 16:395

16. Ono T, Kumakura I, Arimoto M, Hori K, Dong J, Iwata H, et al. Influence of
bite force and tongue pressure on oro-pharyngeal residue in the elderly.
Gerodontology. 2007;24(3):143–50.
17. Butler SG, Stuart A, Leng X, Wilhelm E, Rees C, Williamson J, et al. The
relationship of aspiration status with tongue and handgrip strength in
healthy older adults. J Gerontol A Biol Sci Med Sci. 2011;66(4):452–8.
18. Lazarus C, Logemann JA, Huang CF, Rademaker AW. Effects of two types of
tongue strengthening exercises in young normals. Folia Phoniatr Logop.
2003;55(4):199–205.
19. Clark HM. Specificity of training in the lingual musculature. J Speech Lang
Hear Res. 2012;55(2):657–67.
20. Clark HM, O'Brien K, Calleja A, Corrie SN. Effects of directional exercise on
lingual strength. J Speech Lang Hear Res. 2009;52(4):1034–47.
21. Robbins J, Kays SA, Gangnon RE, Hind JA, Hewitt AL, Gentry LR, et al. The
effects of lingual exercise in stroke patients with dysphagia. Arch Phys Med
Rehabil. 2007;88(2):150–8.
22. Robbins J, Gangnon RE, Theis SM, Kays SA, Hewitt AL, Hind JA. The effects
of lingual exercise on swallowing in older adults. J Am Geriatr Soc.
2005;53(9):1483–9.
23. Yeates EM, Molfenter SM, Steele CM. Improvements in tongue strength and
pressure-generation precision following a tongue-pressure training protocol
in older individuals with dysphagia: three case reports. Clin Interv Aging.
2008;3(4):735–47.
24. Steele CM, Bailey GL, Polacco RE, Hori SF, Molfenter SM, Oshalla M, et al.
Outcomes of tongue-pressure strength and accuracy training for dysphagia
following acquired brain injury. Int J Speech Lang Pathol. 2013;15(5):492–502.
25. Van Nuffelen G, Vanderwegen J, Guns C, Van Den Steen L, De Bodt M.
Effect of tongue strength training in head and neck cancer (HNC) patients
treated with chemoradiation (CRT) or radiotherapy (RT). Poster and oral
presentation at Annual DRS Meeting. March 2012, Toronto.
26. Lazarus CL, Husaini H, Falciglia D, DeLacure M, Branski RC, Kraus D, et al.
Effects of exercise on swallowing and tongue strength in patients with oral
and oropharyngeal cancer treated with primary radiotherapy with or
without chemotherapy. Int J Oral Maxillofac Surg. 2014;43(5):523–30.
27. Chang CW, Chen SH, Ko JY, Lin YH. Early radiation effects on tongue
function for patients with nasopharyngeal carcinoma: a preliminary study.
Dysphagia. 2008;23(2):193–8.
28. Reiman MP, Lorenz DS. Integration of strength and conditioning principles
into a rehabilitation program. Int J Sports Phys Ther. 2011;6(3):241–53.
29. Munn J, Herbert RD, Hancock MJ, Gandevia SC. Resistance training for
strength: effect of number of sets and contraction speed. Med Sci Sports
Exerc. 2005;37(9):1622–6.
30. Van Roie E, Delecluse C, Coudyzer W, Bautmans I. Strength training at high
versus low external resistance in older adults: effects on muscle volume,
muscle strength, and force-velocity characteristics. Exp Gerontol.
2013;48(11):1351–61.
31. Van Roie E, Bautmans I, Boonen S, Coudyzer W, Kennis E, Delecluse C. Impact
of external resistance and maximal effort on force-velocity characteristics of
the knee extensors during strengthening exercise: a randomized controlled
experiment. J Strength Cond Res. 2013;27(4):1118–27.
32. American College of Sports Medicine. American College of Sports Medicine
position stand: progression models in resistance training for healthy adults.
Med Sci Sports Exerc. 2009;41(3):687–708.
33. American College of Sports Medicine. ACSM’s Guidelines for Exercise
Testing and Prescription. Philadelphia, PA: Lippincott Williams & Wilkins;
2013.
34. Burkhead LM, Sapienza CM, Rosenbek JC. Strength-training exercise in
dysphagia rehabilitation: principles, procedures, and directions for future
research. Dysphagia. 2007;22:251–65.
35. Steele CM. Exercise-based approaches to dysphagia rehabilitation. Nestle
Nutr Inst Workshop Ser. 2012;72:109–17.
36. Kier WM, Smith KK. Tongues, tentacles and trunks: the biomechanics of
movement in muscular-hydrostats. Zool J Linn Soc. 1985;83:307–24.
37. Stål P, Marklund S, Thornell LE, De Paul R, Eriksson PO. Fibre composition of
human intrinsic tongue muscles. Cells Tissues Organs. 2003;173(3):147–61.
38. Sanders I, Mu L, Amirali A, Su H, Sobotka S. The human tongue slows down
to speak: muscle fibers of the human tongue. Anat Rec (Hoboken).
2013;296(10):1615–27.
39. Steele CM, Bayley MA, Péladeau-Pigeon M, Stokely SL. Tongue pressure
profile training for dysphagia post stroke (TPPT): study protocol for an
exploratory randomized controlled trial. Trials. 2013;14:126.

Page 6 of 6

40. Rhea M, Alvar B, Burkett L, Ball S. A meta-analysis to determine the dose
response for strength development. Med Sci Sports Exerc. 2003;35(3):456–64.
41. Vanderwegen J, Guns C, Van Nuffelen G, Elen R, De Bodt M. 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;28(2):159–66.
42. Van Nuffelen G, Van den Steen L, Vanderwegen J, Guns C, Elen R, De Bodt
M. Tongue strengthening exercises (TSE) during 4 weeks: does level of
resistance (LR) matter? In: 23rd Annual Meeting Dysphagia Society, Chicago,
IL; 11–14 March 2015
43. Wopken K, Bijl HP, van der Schaaf A, Christianen ME, Chouvalova O, Oosting
SF, et al. Development and validation of a prediction model for tube
feeding dependence after curative (chemo-) radiation in head and neck
cancer. PloS one. 2014;9(4), e94879.
44. Deantonio L, Masini L, Brambilla M, Pia F, Krengli M. Dysphagia after
definitive radiotherapy for head and neck cancer. Correlation of dosevolume parameters of the pharyngeal constrictor muscles. Strahlenther
Onkol. 2013;189(3):230–6.
45. Starmer HM, Quon H, Kumar R, Alcorn S, Murano E, Jones B, et al. The effect
of radiation dose on swallowing: evaluation of aspiration and kinematics.
Dysphagia. 2015;30(4):430–7.
46. Carnaby GD, Crary MA. Development and validation of a cancer-specific
swallowing assessment tool: MASA-C. Support Care Cancer.
2014;22(3):595–602.
47. Crary MA, Mann GD, Groher ME. Initial psychometric assessment of a
functional oral intake scale for dysphagia in stroke patients. Arch Phys Med
Rehabil. 2005;86(8):1516–20.
48. Rosenbek JC, Robbins J, Roecker EB, Coyle J, Wood JL. A penetrationaspiration scale. Dysphagia. 1996;11:93–8.
49. Mann G, Hankey GJ, Cameron D. Swallowing disorders following acute stroke:
prevalence and diagnostic accuracy. Cerebrovasc Dis. 2000;10(5):380–6.
50. Farneti D, Fattori B, Nacci A, Mancini V, Simonelli M, Ruoppolo G, et al. The
Pooling-score (P-score): inter- and intra-rater reliability in endoscopic
assessment of the severity of dysphagia. Acta Otorhinolaryngol Ital.
2014;34(2):105–10.
51. Kaneoka AS, Langmore SE, Krisciunas GP, Field K, Scheel R, McNally E, et al.
The Boston residue and clearance scale: preliminary reliability and validity
testing. Folia Phoniatr Logop. 2013;65:312–7.
52. Vanderwegen J, Van Nuffelen G, De Bodt M. The validation and
psychometric properties of the Dutch version of the swallowing quality-oflife questionnaire (DSWAL-QOL). Dysphagia. 2013;28(1):11–23.
53. Silbergleit AK, Schultz L, Jacobson BH, Beardsley T, Johnson AF. The
dysphagia handicap index: development and validation. Dysphagia.
2012;27(1):46–52.
54. Guo Y, Logan HL, Glueck DH, Muller KE. Selecting a sample size for studies
with repeated measures. BMC Med Res Methodol. 2013;13:10.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

