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About the Presenter
• SLP for 8 years
• Experience in the school, skilled-nursing, and critical illness recovery hospital
settings
• FEES certified
• Interest in swallowing and swallowing disorders
• Avid consumer of the dysphagia literature
• Loves working with the trach/vent population

Learning Objectives
Gain

Better

Comprehend

The learner will gain a
basic understanding of
the musculature
composing the
oropharynx and its
poor susceptibility to
fatigue.

The learner will better
understand fatigue as
it is discussed in the
swallowing/swallowing
disorders literature.

The learner will
comprehend trends in
fatigue per patient
report in a group of
individuals resuming
oral intake after
prolonged NPO status.

SLPs routinely document meals as a
fatiguing activity that may result in unsafe
swallowing.
• We watch our patients during meals and assume they are getting “fatigued…”
• …without validated assessment measures…
• …without a standard definition… what do we mean by “fatigue?”
• Loss of strength or endurance of the oropharyngeal musculature?
• Aerobic fatigue?
• Cognitive fatigue?
(Bice, 2017)

Yet, there is limited evidence in the
literature regarding fatigue and swallowing.
“The literature relating fatigue to orofacial-motor function for
swallowing and speech is sparse. Despite little empirical data to
support such an association, anecdotes abound. References to fatigue
at SLP professional presentations are frequent, including such
comments as “fatigue affected the patient’s ability to swallow safely
through a meal…” The research literature, however, provides a very
different picture.”
(Solomon, 2006)

Fatigue Definition
• Fatigue is a general concept intended to denote an acute impairment of
performance that includes both an increase in the perceived effort necessary
to exert a desired force and an eventual inability to produce this force.
• Task dependent
• Force-fatigability relationship
• Muscle wisdom
• Sense of effort
(Enoka & Stewart, 1992)

Muscle Fiber Type I
• Type I fibers are slower to contract in comparison with
other fibers.
• They are relatively smaller in diameter than Type II fibers
and, consequently, have a lower capacity for force
generation.
• More resistant to fatigue due to more efficient energy
metabolism
(Burkhead et al., 2007)

Muscle Fibers Type II
•
•
•

Type II fibers are larger in diameter and more adept at force
generation.
They are less efficient with energy metabolism and therefore
more subject to fatigue.
Type II fibers can be further subdivided into Type IIa and Type
IIb.
o Type IIa fibers possess characteristics of Type I and Type IIb
fibers, making them highly adaptable because they contain a
blend of specialized fibers for movement and energy
consumption.
o Type IIb fibers have the greatest capacity for force
generation but are inefficient because it is fast contracting
but easily fatigable.
o There are additional types of Type II fibers, such as IIx
(Burkhead et al., 2017)

Musculature of the
Oropharynx
• Built primarily of Type I and Type IIa muscle fiber types,
these are “slow-twitch” and generally fatigue-resistant
• Mastication and swallowing muscles exhibit unique fiber
types and composition, that are unlike any other human
skeletal muscle.
• Form follows function- respiration, verbal communication,
mastication, and swallowing.
• The oropharynx shifts rapidly from tonic contraction for
maintaining airway patency to quick low-force movements
during speech to more forceful bursts of activity during
chewing and swallowing.
(Burkhead et al., 2007)

Musculature of the
Oropharynx
•

•

•

Uniqueness of oropharynx well illustrated in the genioglossus
muscle:
• Anterior portion primarily Type I fibers for high endurance
activity of bolus preparation
• Posterior portion contains a mix of Type II fibers for quick,
ballistic movements for driving a bolus through the
hypopharynx and toward the esophagus
Most relevant facial muscles for mastication/swallowing are
moderately - highly fatigue resistant (Type I/Type IIa)
• Orbicularis Oris
• Buccinator muscles
• Masseter muscles
High aerobic capacity of palatal muscles consistent with fatigue
resistance
(Burkhead, 2007; Kent, 2004; Sciote et al., 2003; Solomon,
2006; Weijs, 1997)

Musculature of the Larynx
• Comprised of Type I, IIa, IIx (fast-twitch), and tonic fibers.
(Kent, 2004)
• Some laryngeal muscles have shortening speeds nearly
twice as fast as limb muscle fibers. (Sciote et al., 2003)
• Shiotani et al. (1999) concluded that fast-twitch muscles
predominate in the laryngeal adductors but mixed fast-slow
types are more abundant in the abductors.

Neural Control of the Swallowing Mechanism
• Adaptable nervous system- recognizes its limitations and continuously compensates
for them to prevent systematic movement errors
• Sensory feedback- necessary for correcting movement
• Predicts sensory consequences of motor commands so that the brain doesn’t have to
wait for the actual sensory feedback
• Sensory predictions for the pharyngeal swallow are being made while the bolus is still
in the oral cavity
• CNS is heterarchical, not hierarchical- control in the CNS is circular so that multiple
brain regions at various levels modulate one another
• The neurophysiologic basis of oropharyngeal function lacks an overall model that can
be used to predict the outcomes of specific insults or disruptions
(Humbert & German, 2013)

A lot of the research focuses on the fatigability
of the tongue.
• Existing research focuses on tongue-fatigue during mealtimes vs tongue fatigue
during intentional fatigue tasks
• Kays et al 2010- baseline IOPI tongue strength/endurance measures compared to
tongue strength/endurance measures after a standardized meal of ½ bagel with
peanut butter, baby carrots, and chocolate milk in healthy young adult and older
adult groups
• Ravenhorst-Bell & Goldberg 2012- Replicated the Kays study with a less
textured/typical meal for a supportive care community
• Hiramatsu et al. 2015- measured tongue pressures (no time constant- strength only)
with JMS tongue pressure manometer pre- and post- a typical Japanese meal (bowl
of rice with chicken and eggs) with a 30-minute time constraint in young and elderly
adults

A lot of the research focuses on the fatigability
of the tongue.
• Brates & Molfenter 2020- compared a “non-fatigued” meal to a “fatigued”
meal using pre- and post- meal (replicated the meal in the Kays paper) (IOPI)
measures, older/younger groups
• Clark & Stierwalt 2003- Participants referred for outpatient swallow eval
given subjective (tongue depressor) and objective (IOPI) assessments of
tongue strength and a bedside or VFSS, calculated correlations between
these areas
• Solomon 2004- systematic review of studies assessing tongue strength in
order to reveal weakness and endurance as an indicator of tongue fatigue
• Solomon 2006- reviews orofacial musculature and provides methods of
tongue strength/endurance assessment, reviews the author’s prior research
regarding tongue fatigue and speech

Is the tongue fatigable?
• Kays et al. 2010- All individuals demonstrated decrease in tongue
endurance/strength after the meal, suggesting that dining may be
sufficient to impact lingual endurance (yes)
• older subjects demonstrated longer anterior tongue endurance times
compared to young individuals after a fatigue-inducing task

• Ravenhorst-Bell & Goldberg 2012- After consuming a typical lunch in a
supportive care environment (less textured, easy to chew), the tongue
strength of a group of self-reported healthy older adults increased
significantly (no)
• Hiramatsu 2015- pre and post meal tongue pressures were
significantly higher in young adults than in older adults (yes in older
people)

Is the tongue fatigable?
• Brates & Molfenter 2020- No changes found in tongue endurance preversus post-meal, conflicts with results of the Kays study, the fatigue
task resulted in decreased maximum anterior tongue pressure in
older group, increased maximum posterior tongue pressure across
age groups- compensatory recruitment? (no)
• Solomon 2006- the tongue is fatigable, but it takes quite a bit of
strenuous exercise to do so (yes)
• Clark & Stierwalt 2003- subjective (tongue depressor) and objective
measures (IOPI) of tongue strength were weakly correlated
• “Evidence of fatigue-induced changes to the tongue musculature
remains inconclusive.” (Brates & Molfenter 2020)

Does that translate into fatigue/unsafe
swallowing during meals for older individuals?
• “Because aging systems are usually slower with diminished strength it is
possible that the swallowing function declines in older individuals when meal
consumption is prolonged.” (Hiramatsu et al., 2015) (yes)
• The Kays et al. 2010 study provides strong evidence of a fatigue resistant
alimentation system in older individuals due to age-related changes in
tongue composition (no)
• While strength decreases in older age, we do not know how much
strength/force is required for successful swallowing (Solomon, 2004) (no)

How about for sick people?
Deconditioning and Fatigue
•
•
•
•
•

Majority of research investigating fatigability of the tongue has used healthy participants (Brates &
Molfenter, 2020)
Deconditioning occurs quickly and tends to preferentially impact Type II fibers, which could potentially
impact swallowing.
Changes occurring in response to deconditioning include muscle atrophy and a shift in the muscle fiber type
making it less efficient and more easily fatigable.
Structural adaptation not only occurs in the muscle, but also in the nervous system.
o Motor units decrease in number with the remaining motor units working less efficiently, weaker, with
poor coordination.
In a study investigating the effects of chronic bed rest in healthy individuals, Bloomfield (1997) reports that
muscle mass decreases dramatically- by as much as 40% decrease in strength. Of note, these deleterious
neuromuscular adaptations are even more pronounced in those with co-morbid disease and in the aged
(Urso et al., 2006).
(Burkhead, 2017)

And how do we assess tongue strength?
• Before entertaining the idea that a client’s swallowing is affected by tongue weakness, it is
important to determine and document that the tongue is in fact weak. (Solomon, 2004)
• Tongue depressor? Weak – moderate correlation of tongue depressor activities and IOPI (Clark &
Stierwalt 2003)
• Stress tests? Endurance tasks can be difficult to interpret because performance is affected by
motivation, time constant, individual sense of effort. (Solomon, 2004 & 2006)
• IOPI (IOWA Oral Performance Instrument)
• Brates and Molfenter administered the TOMASS before and after a meal to compare number of
masticatory cycles
• Standardized questionnaires (Solomon, 2006)
o Fatigue Severity Scale
o Iowa Fatigue Scale
o Fatigue Assessment Inventory
o Multidimensional Fatigue Inventory

A lot of the Research Compares the
Endurance of the Oropharynx to
Limb Endurance Studies
• But can we really compare limb research to the mechanism responsible for
mastication/swallowing?
• Translation of physiotherapy literature to swallowing practices and outcomes cannot be assured
due to the differences in composition and neural command processes between swallowing and
limb musculature (Huckabee & Macrae, 2014)
• Interestingly, some type I fibers in the masseter muscle have a shortening velocity that is only onetenth the velocities of type I fibers in limb muscle (Sciote et al., 2003).
• Histologic studies on human tongue reveal that the distribution of fibers is heterogenous, many
hybrid muscles containing a more intricate mix of fiber types than is seen in limb muscles (Stal et
al., 2003).
• Unlike the paradigm of hand movement, where the understanding of the relevant aspects of the
CNS are well understood, swallowing is complex in that we do not understand the various levels of
CNS control (Humbert & German, 2013)

What is
needed for
GOOD
fatigue
research?

• Does not merely look at strength, includes endurance (Kays et
al., 2010)
• Investigates fatigue in dysphagic individuals (Brates &
Molfenter, 2020)
• Utilizes objective measures such as the IOPI and patient report
(Clark, 2003) (Solomon, 2006)
• Use instrumental assessments to understand the physiological
and functional consequences of fatigue (Brates & Molfenter,
2020)
• Further exploration of whether tongue fatigue during eating
results in unsafe swallowing/reduced swallow efficiency (Brates
& Molfenter, 2020)
• Methodological consistency- use of bite blocks vs no bite blocks
and discrepancy between tongue movements(anterior elevation
vs lateralization) during strength tasks confound results
(Solomon, 2004) (Clark et al., 2003)
• Endurance tasks sustaining activity to the point of exhaustion
are susceptible to client performance issues due to differences
in sense of effort- constant effort task could be useful here
(Solomon, 2004)

• There is a paucity of empirical evidence supporting a relationship
between tongue endurance and swallowing function (Kays et al., 2010)

In Summary,
the Research
Says:

• Despite the relative importance that is placed on swallowing-related
fatigue, evidence for the occurrence and effects of fatigue during
swallowing is very limited. (Brates & Molfenter, 2020)
• The oropharynx is built primarily of Type I and Type IIa muscle fiber
types- these are “slow-twitch” and generally fatigue-resistant
(Burkhead et al., 2007)
• High endurance capacity of the swallowing mechanism, compensatory
recruitment of neighboring muscle groups, “fatigue” may be other
types of fatigue entirely: cognitive or cardiovascular (Brates &
Molfenter, 2020)
• Intense exercise to the point of fatigue is recommended to force
neuromuscular adaptation (Burkhead, 2017)
• It is possible that the swallowing function declines in older individuals
when meal consumption is prolonged, especially at the end of
mealtime, as a results of their efforts in mastication and swallowing.
(Hiramatsu et al., 2015)
• The neurophysiologic basis of oropharyngeal function lacks an overall
model that can be used to predict the outcomes of specific insults or
disruptions (Humbert & German, 2013)

How do patients
rate mealtime
fatigue upon reinitiation of an oral
diet after
prolonged NPO
status using a rate
of perceived
exertion scale?

• “The definition of fatigue includes an increase in the selfperception of effort during an activity. Therefore, to assess
fatigue appropriately, one must ask the patient how much effort
it takes to do the task of interest.” (Solomon, 2006)
• A group of hospitalized patients who experienced prolonged
NPO status were asked to rate their level of fatigue during
meals, at rest, and during an exercise condition, after resuming
an oral diet
• Using a visual 10-point Rate of Perceived Exertion (RPE/BORG)
scale
• Exercise condition included 10 effortful swallows

How do patients
rate mealtime
fatigue upon reinitiation of an oral
diet after
prolonged NPO
status using a rate
of perceived
exertion scale?

• 25 consenting, consecutive, patients admitted to an
LTACH
• 12 men, 13 women ages 31 - 75
• NPO status ranging from 2 weeks to 6 months
• All received a FEES or VFSS prior to diet initiation due
to medical complexity
• Majority with chronic critical illness, including some
patients dependent on mechanical ventilation
• All received cognitive evaluation, varying mental
statuses, all were cognizant enough to answer
questions

• FEES diagnoses (Modified DOSS):

How do patients
rate mealtime
fatigue upon reinitiation of an oral
diet after
prolonged NPO
status using a rate
of perceived
exertion scale?

•
•
•
•

Pharyngeal swallow WNL: 33%
Mild oropharyngeal dysphagia: 29%
Mild – mod oropharyngeal dysphagia: 21%
Moderate oropharyngeal dysphagia: 17%

• Diet levels:
•
•
•
•
•
•

Regular (IDDSI 7): 48%
Soft and bite sized (IDDSI 6): 20%
Minced and moist (IDDSI 5): 24%
Puree (IDDSI 4): 8%
Thin liquids (IDDSI 0): 84%
Mildly thick liquids (IDDSI 2): 16%

RPE Scale

How do patients
rate mealtime
fatigue upon reinitiation of an
oral diet after
prolonged NPO
status using a
rate of perceived
exertion scale?

• Fatigue at rest:
• Mode: 0
• Average: 1.56 (“very light activity”)
• Median: 0
• Range: 0 - 10

How do patients
rate mealtime
fatigue upon reinitiation of an oral
diet after
prolonged NPO
status using a rate
of perceived
exertion scale?

• Fatigue during exercise condition:
• Mode: 0
• Average: 1.76 (“very light activity”)
• Median: 0
• Range: 0 - 10

How do patients
rate mealtime
fatigue upon reinitiation of an oral
diet after
prolonged NPO
status using a rate
of perceived
exertion scale?

• Fatigue during meals:
• Mode: 0
• Average: 2.64 (“light activity”)
• Median: 0
• Range: 0 - 10

How do patients
rate mealtime
fatigue upon reinitiation of an oral
diet after prolonged
NPO status using a
rate of perceived
exertion scale?

Shortness of breath
-50% pts reported fatigue
to be primarily
characterized by SOB

Altered diet
-Of the patients endorsing
fatigue during mealtimes,
0% felt that a downgraded
diet was warranted

Conclusion

• Fatigue as a limting factor during mealtimes is over
documented in clinical settings
• We should not document fatigue without an
assessment
• Fatigue assessments should include patient report
and objective measures- when possible
• Prescribing altered diets out of fear that a patient will
“fatigue” limits skill-based learning and neural
adaptation and may negatively impact
nutrition/hydration
• Pharyngeal strengthening/coordination exercise
regimes need to be strenuous to affect change
• Perhaps our patients should be working to the point
of fatigue to improve masticatory/swallowing skill
and cause neuromuscular adaptation.
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