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Abstract

Appropriate tongue strength is essential for the oral and pharyngeal phases of
swallowing and contributes to the formation, placement, and manipulation of a bolus
within the oral cavity and propulsion into the pharynx. Examination of tongue strength
is a frequent component of the clinical assessment of swallowing by speech-language
pathologists. Such assessment is based usually on subjective judgement of the force
being applied by the tongue against resistance provided by the speech-language
pathologist’s fingers resting against the cheek or a tongue depressor. This method raises
concerns regarding the reliability of tongue strength measurements due to an inability to
eliminate assessor bias and the variability introduced by multiple assessors in most
clinical environments.

This thesis presents the results of research that examined investigations of
objective measurement of tongue strength and endurance as well as handgrip strength
and endurance. Two studies were conducted using the same methods. Healthy young
(21 males: 30 females) and elderly (6 males: 24 females) participants underwent
anterior and posterior tongue and handgrip strength and endurance assessments using
the lowa Oral Performance Instrument (IOPI) on four occasions separated by
approximately two weeks. Strength assessments consisted of three attempts to exert
maximal isometric force. Sustained isometric endurance assessments consisted of one
attempt to sustain 50% of maximal isometric force. Three statistical analyses providing
different indices of reliability were used. Random and systematic change outcomes
through sampling error and learning effects were assessed using change in the mean
between sessions. Within-subject variation was determined using typical error
expressed as a coefficient of variation, which represents the technical and biological

sources of error in measurement within participants. Rank order repeatability of the
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results among trials was investigated using intraclass correlation coefficients (ICC, r).
Additional exploratory strategies were conducted with maximum tongue (anterior and
posterior positions) and handgrip strength values analysed using three approaches: 1)
the highest of the three trials in the session; 2) the average of the three trials in the
session; and 3) the average of the two highest trials in the session.

The key findings are that tongue and hand isometric strength measurements
obtained using the IOPI demonstrate excellent reliability for analysis of groups when a
familiarisation session is provided prior to clinical evaluation. Further, performing
multiple trials within an assessment session with consistency criteria is an additional
strategy to improve the reliability of these strength measurements. These strategies also
improve the sensitivity of the IOPI measurements for evaluating strength improvements
and the effectiveness of interventions in individuals. Multiple attempts resulting in some
consistency in the maximum values obtained should be attained to establish that a true
representation of current maximal strength is obtained. Further investigation is required
to determine the reliability of tongue and hand endurance measures using the 10PI.

The effects of age and sex on measures of tongue and handgrip strength using
the IOPI were examined. Participants recruited were categorised into three groups:
young, mid-aged and elderly. The results from this study found that tongue and hand
strength were influenced by age with no differences between young and mid-aged
groups, however large reductions in strength were apparent in the elderly group. In
addition and as expected, males were stronger than females in all age groups including
the elderly cohort.

As a result of the poor reliability of sustained isometric tongue endurance
measures, an additional study assessing repeated isometric tongue endurance was

conducted. Healthy young participants underwent anterior and posterior tongue strength
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and endurance assessment on four occasions alternating bulb positions separated by a
period of one day. For this assessment of endurance, the IOPI was set to 90% of the
participant’s maximal strength and participants were asked to perform repeated
contractions at the target force for as long as possible by pressing their tongue against
the roof of their mouth repetitively. The key findings of this study are that although
isometric tongue strength measurements obtained using the IOP1 demonstrated
acceptable reliability, repeated isometric tongue endurance measurements obtained
during the same sessions were not reliable. This is also consistent with our findings that
sustained isometric tongue endurance tests do not meet the standards of reliability
necessary to be recommended for use.

In summary, all studies in this thesis found that tongue and handgrip strength
measurements across all ages are reliable when measured using the IOPI. However,
tongue and handgrip endurance values were found to be highly variable and cannot be
recommended. Future research may be directed at identifying protocols that result in

reliable measures of tongue and handgrip endurance.
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