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ABSTRACT

In clinical speech-language pathology practice, tongue force is usually evaluated qualitatively.
Perception and practical experience are used to classify this force. The Biomechanical Engineering
Group from the Federal University of Minas Gerais developed an instrument to quantify tongue force.
The purposes of this study were to quantify maximum tongue protrusion force in Brazilian subjects
with normal tongue strength and to compare force values between gender groups. In total, 105
subjects, 43 men and 62 women, aged from 18 to 29 years, with normal tongue strength according to
qualitative evaluation, underwent quantitative evaluation by using the instrument. The mean of the
maximum tongue force values of all participants was 17.58+7.95 N. There were significant differences
in the median values for maximum tongue forces between the genders, with higher values observed
for men. In intersubject comparisons, high variation coefficients were evident due to the variability
among individuals. However, the study suggested that the instrument could be an interesting tool for
intrasubject comparisons, especially during the follow-up.
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INTRODUCTION

Poor tongue strength has been related to
disturbances in swallowing (Yoshida, Kikutani,
Tsuga, Utanohara, Hayashi & Akagawa, 2006)
and speech articulation (Dworkin, Aronson &
Mulder, 1980). In clinical speech-language
pathology practice, tongue strength is
evaluated in a subjective way by asking the
patient to press the tip of their tongue against
a tongue depressor, with resistance provided
by the examiner (Clark, Henson, Barber,
Stierwalt & Sherril, 2003; Solomon 2004;
Solomon, Clark, Makashay & Newman, 2008).
This kind of evaluation is influenced by the
experience of the professional and it hinders
diagnosis and follow-up.

Several methods of quantifying tongue

strength have been reported. Some
instruments have a small pressure sensor
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placed in a palatal appliance or a replica
denture (Robbins, Gangnon, Theis, Kays,
Hewitt & Hind, 2005; Ruan, Chen, Gu, Lu, Su
& Guo, 2005; Hewitt, Hind, Kays, Nicosia,
Doyle, Tompkins, Gangnon & Robbins, 2008;
Kieser, Singh, Swain, Ichim, Waddell,
Kennedy, Foster & Livingstone , 2008; Hori,
Ono, Tamine, Kondo, Hamanaka, Maeda,
Dong & Hatsuda., 2009). Other instruments
have a balloon which is filled with air and
connected to a pressure sensor (Clark et al.,
2003; McAuliffe, Ward, Murdoch & Farrel,
2005; Ball, Idel, Cotton & Perry., 2006;
Utanohara, Hayashi, Yoshikawa, Yoshida,
Tsuga & Akagawa, 2008). Some researchers
have developed adapted dynamometers
(Posen, 1972; Trawitzki, Borges, Giglio &
Silva, 2011). Despite the reports of these
instruments, there is currently no instrument
commercially available in Brazil.



Recognizing the need for an objective method
of measuring tongue protrusion force, the
Biomechanical Engineering Group of the
Federal University of Minas Gerais has
developed the FORLING, the first such device
developed in Brazil (Motta, Penim, Perilo, Las
Casas, Costa, Magalhaes & Saffar, 2004;
Barroso, Costa, Saffar, Las Casas, Motta,
Perilo, Batista & Britto, 2009; Furlan, Valentim,
Perilo, Costa, Barroso, Las Casas & Motta,
2010; Furlan, Motta, Valentim, Barroso, Costa
& Las Casas, 2013). One advantage of this
device is that it measures tongue protrusion
force in a way that is similar to what is done in
the clinical qualitative evaluation, but it does
not measure tongue force during elevation or
lateralization.

In the primary tests using this instrument, the
values obtained in the quantitative
assessment were compatible with those
reported by other researchers and there was
agreement between qualitative and
quantitative evaluations (Motta et al., 2004;
Barroso et al., 2009, Furlan et al., 2013).
However, standard values or normal ranges of
tongue pressure according to gender have not
yet been established for the Brazilian
population. The present study aimed to
quantify maximum and average tongue forces
of subjeets with normal tongue strength and to
compare these force values between gender
groups.

MATERIALS AND METHODS

A cross-sectional study was developed at the
Federal University of Minas Gerais (UFMG)
Clinics Hospital, after approval from the
University Ethics Committee (registration
number 498/05). Informed consent was
obtained from the subjects.

Subjects

The sample consisted of 43 men and 62
women, with ages ranging from 18 to 29
years, and with a diagnosis of normal tongue
strength as determined by two speech
language pathologists via qualitative
evaluation. All subjects were students or
employees of the UFMG Medical School.
Subjects were also excluded from the study if
they had severe occlusion problems that made
it impossible to fit the device correctly into the
mouth, hearing impairment, or any physical or
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physiological disturbance that could interfere
with the results of this research.

Subjective (qualitative) evaluation

Subjects underwent clinical qualitative
evaluation of tongue strength by protruding the
tip of their tongue while using maximal effort
against a tongue depressor and against the
finger of the examiner when placed in front of
the mouth for approximately 10 seconds, with
resistance provided by the examiner (Clark et
al., 2003; Furlan et al., 2010). The evaluation
was performed by two speech language
pathologists and only individuals who were
classified as having normal tongue strength by
both examiners were selected. In this 10-
second evaluation the therapist is able to
observe the behavior of tongue protrusion
force against resistance during isometric
contraction in an amount of time similarly to
those recommended in some isometric
exercises (Felicio, 2009), and also see
whether there is presence of fatigue in this
situation.

Quantitative evaluation

Quantitative, measurable, and recordable
evaluation of tongue strength was
accomplished using the FORLING (Motta et
al., 2004; Barroso et al., 2009; Furlan et al.,
2010; Furlan et al., 2013). This device, shown
in Figure 1, consists of a piston/cylinder set
attached to a double silicone protector and to
a head that connects it to the cylinder that
hydraulically transmits the force exerted to a
pressure sensor. The pressure sensor
measurements are transmitted through a data
acquisition device to a personal computer.
Data processing is performed by software that
provides auditory cues to the subject at the
beginning and end of each test and records
the tongue force exerted by subjects over
time, continuously throughout the test (Motta
et al., 2004). Instrument calibration was
performed at the Department of Physical Tests
at the Minas Gerais Technology Foundation
Center (Cetec), and instrument uncertainty
was determined to be below 0.18% of the
lingual force (Barroso et al., 2009).

During quantitative evaluation, the instrument
was fitted into the participant's mouth so that
the teeth remained in the mouthguard. The
mouthguard is used to keep the instrument
attached to the mouth and to control the level
of mouth opening. The extent of jaw
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separation was reported by Solomon &
Munson (2004) to affect the pressure the
tongue is able to exert in an elevation task. In
a protrusion task, jaw position might be also
important as the tongue is coupled with the
mandible and could be moved forward by the
mandible which would potentially inflate the
results.

A period of 15 seconds after the initation of the
test was considered as an adjustment time.
Each subject was then instructed to push the
cylinder head with their tongue, using the
maximum force they could exert, and to
maintain that force for 10s. Three trials were
conducted and recorded, with 1-min intervals
between each trial. A sound alarm signaled
the beginning and the end of each trial.

Figurevjl. Quantitative evaluation of
tongue force.

Data analysis

Signals were acquired and processed by a
microcomputer by using software developed
specifically for this purpose. The software
records the force exerted throughout the trial
and graphs it in real-time, as depicted in
Figure 2.

The parameter analyzed was maximum force,
defined as the highest peak force and
recorded in Newtons (N}).

Statistical analysis

Analysis of the data distribution was
accomplished using histograms. A descriptive
analysis of the data was performed and tests
of hypotheses were undertaken fo investigate
potential differences between groups.
Anderson-Darling test was applied to
determine normality of the data. The normality
test suggested that the distribution of the data
was not normal. Thus, the average was not
considered to be the best descriptive
parameter of the data, as averages are
sensitive to extreme values; therefore, the
median was the parameter chosen as the
central value. The Mann-Whitney non-
parametric test was used to analyze
differences between the medians of the
groups. The Friedman test was conducted to
compare force values of the same participant
in different trials. The level of statistical
significance was set at p <0.05. Additionally,
variation coefficients were used to analyze
homogeneity of the results.
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Figure. 2. Force time history graph example.
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RESULTS
Maximum tongue force of each group is Comparing the maximum force values
shown in Table 1. Coefficients of variation produced across three trials by the same
were considered high for both genders, even if subject, the coefficients of variation were lower
the outliers were eliminated (42.8 N and 57.18 than those yielded by intersubject
N by one male and one female, respectively). comparisons, averaging 14.88%.
Women presented higher coefficient of
medians of maximum forces comparing trials 1
There were significant differences in the and 2 or 1 and 3 (p<0.05). The first trial was
medians of maximum forces by gender, and higher than trial 2 and trial 3, and there was no
the median values for men were higher than difference between trials 2 and 3. For most of
those for women. A p value of less than 0.001 the participants the first trial presented the
was obtained. highest maximum force value.
Table 1: Results by gender
Groups Pearson's
Average (N) Median (N) SD Minimum (N) Maximum (N) variation
coefficient
Male and Female 17.58 16.23 795 584 57.18 45%
Female 15.78 14.51 813 584 57.18 51%
Male 20.16 19.93 701 584 42.80 35%

SD - standard deviation, N — Newton.
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Figure 3: Histogram of maximum force by gender.
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Table 2. Presents the average and median values of maximum tongue
protrusion force of the participants for each trial

Trial Average (N) Median (N) SD
Trial 1 19.78 18.02 8.52
Trial 2 16.57 15.65 7.86
Trial 3 16.38 14.85 8.15

DISCUSSION

Data from this research were obtained through
a quantitative method for the measurement of
tongue protrusion force, in an effort to
minimize the subjectivity of the evaluation. In
this method, tongue force is evaluated during
protrusion, as it is in the subjective
(qualitative) evaluation.

Motta et al., (2004) have hypothesized that
based on the tongue protrusion force capacity
of a subject, it is possible to infer their capacity
to accomplish other tasks. This is because the
muscles responsible for tongue protrusion, the
genioglossus, verticalis and transversus
muscles (Pittman,& Bailey, 2008), participate
actively in multiple functions. There is constant
interaction between extrinsic and intrinsic
tongue muscles in all of these functions.

The values obtained in this study for maximum
tongue force (average of 17.58+7.95 N) were
comparable to those reported by other authors
who have measured tongue protrusion force in
normal subjects: Kydd (1956) (maximum force
23.13 N); Pasen (1972) (maximum force
between 6 N and 25 N); Dworkin et al. (1980)
(maximum force 32.9 N for men and 27.5 N for
women); Mortimore, Fiddes, Stephens &
Douglas (1999) (maximum force of 26+8N for
men and 201+7N for women); Motta et al.
(2004) (maximum force between 21.1 N and
25.7 N); and Furlan et al. (2013) (maximum
force 18.91+7.95).

Force measurements were compared between
genders. Maximum force was significantly
lower in women compared to men. This may
be explained by the presence of greater
muscular mass in men (Stierwalt & Youmans,
2007). Examinations of sex differences in
tongue protrusion strength are mixed. Some
studies have found that men exhibit greater
tongue protrusion strength than
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women (Dworkin et al., 1980; Mortimore et al.,
1999), others have reported no differences
between men and women on this measure
(Clark & Solomon, 2012).

When comparing tongue force between trials,
it was noted that the strength decreased
systematically after the first trial reflecting the
effect of fatigue due to the 10-second
contraction at maximum effort levels.
Generally, the highest value was produced in
the first trial. Figure 2 shows the presence of
fatigue even in the same trial. It was observed
for participants with normal tongue strength,
that the maximum value is obtained in the first
seconds of the measurement, after that the
force produced by the tongue decreases. This
suggests that, for those participants, a short
time contraction during evaluation is
preferable to avoid or reduce the effects of
fatigue.

While all participants had been classified as
having normal tongue strength by two
examiners via a qualitative evaluation, high
variation in force values was observed among
the subjects. This evaluation showed that
normal tongue force encompasses a wide
range. Even when the subjects were divided
by gender, high variation coefficients were
observed. Data derived from women had
higher variability. Other studies have also
reported substantial variability in tongue
strength measures across participants (Clark
& Solomon, 2012). A likely explanation for
these discrepancies is the biological variability
of individuals, as the values obtained are
influenced directly by each individual's
anatomical and physiological constitution.
Differences in motivation can also influence
the measures. Other sources of variability may
relate to the method used. Clark and Solomon
(2012) found that variability is higher for
tongue protrusion than for tongue elevation
force.



Due to individual variability, a comparison of
tongue force values among patients is not
efficient, even if they have been classified as
having normal tongue force in a qualitative
evaluation. However, intrasubject comparisons
can be interesting and useful as they allow
the monitoring of progress during treatment
and follow-up of patients. Force values and
graph shape can be used to motivate the
patient during treatment and also to facilitate a
patient’s understanding of their condition.

Maximum force was adequate to characterize
tongue force (Motta et al., 2004; Barroso et al.,
2009). Even though mastication, sucking,
swallowing, and speech functions performed
by the tongue do not require maximum force,
subjects deficient in maximum tongue strength
experience less functional reserve in
proportion to the force needed to perform an
activity and the muscles tire more quickly
(Burkhead, Sapienza & Rosenbek, 2007).
Robbins et al. (2005) measured tongue force
in the elderly and verified that the higher the
force they were able to exert in isometric
contraction, the higher the force was that they
exhibited during swallowing. Yoshida et al.
(2006) observed that tongue pressure is
related to clinical signs of dysphagia and
suggested that measurement of tongue
pressure is useful for the evaluation of
swallowing function.

The device developed by the Biomechanical
Engineering Group from UFMG was a good
tool to quantify tongue force. Its use in an
orofacial myology evaluation can assist
speech-language pathologists during the
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assessment of tongue force, and facilitate
more effective follow-up of patients by
quantifying the gain in force resulting from
treatment. There is a lack of studies of tongue
force in Brazilians, and up to now the largest
examined sample is the one described herein.
These results may have significant
implications in clinical practice for
professionals responsible for the evaluation
and rehabilitation of oral forces.

CONCLUSIONS

Qverall, a maximum tongue force vaiue of
17.58 + 7.95 N measured across a 10-s
maximum-effort protrusive task was observed.
There were significant differences in tongue
force between genders, with the highest
values observed in men. In intersubject
comparisons, high variation coefficients were
evident. This suggests that these data are of
little clinical relevance, due to the variability
among individuals. However, the instrument
could be a valuable tool for intrasubject
comparisons, facilitating more efficient patient
follow up. Using this device the speech-
language pathologist could monitor the force
values for each patient and quantify their
progress as a result of treatment over time, as
well as monitoring decreases in force in the
case of degenerative diseases.
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