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ABSTRACT: Limb and respiratory muscle (diaphragm) strength and fatiguability
have been extensively studied in man and are known to vary with age and sex.
However, in contrast to limb muscles and the diaphragm, force and fatiguability
characteristics have not been studied in upper airway muscles.

This study examines the hypotheses that tongue protrusion strength or fatiguability,
determined by the properties of the intrinsic muscles and genioglossus, may change
with age and may be reduced in males compared to females. A force transducer was
used to compare maximal tongue protrusion force (Fmax) and fatiguability in 81
males and 86 females matched for age (mean�SD, 43�19 yrs, 42�19 yrs, respectively).
Fatiguability indices were based on the time that subjects could maintain 50% of
Fmax.

Fmax declined with age in both males (r= -0.57, p<0.001) and females (r= -0.56,
p<0.001). Fmax in males was greater than in females (males 26�8 N; females 20�7 N;
p<0.001). However, after correction of Fmax for sex differences in total body muscle
(fat-free mass) there was no significant difference between males and females (p=0.3).
There was also no difference in fatiguability between males and females (p=0.5).

In conclusion, tongue protrusion strength is greater in males compared to females,
and decreases with age. If these differences also apply to patients with sleep apnoea,
the reduction in maximal tongue protrusion force with age could be of relevance to the
observed increase in prevalence and severity of sleep apnoea-hypopnoea syndrome in
middle age, but would not explain the gender difference in prevalence.
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The upper airway muscles, particularly the genioglossus
and soft palatal muscles, have been extensively studied
using electromyography. They are active during a wide
range of activities including speech, deglutition and respir-
ation [1±8]. The levels of muscle activity vary consi-
derably with route and phase of respiration [6, 7] posture
[6, 7] sleep state [8] sex [9] and hypoxia/hypercapnoea
[10]. Studies demonstrating reflex activity in response to
negative upper airway pressure stimuli [6, 7, 11, 12] sug-
gest an important role in the maintenance of upper airway
patency. Upper airway (UA) muscle fibre type has also
been shown to vary between individuals as it does for
other skeletal muscles [13], which suggests that strength
and fatiguability may vary. Limb and respiratory muscle
(diaphragm) strength and fatiguability have been exten-
sively studied in man and are known to vary with hypoxia/
hypercapnoea [14±16], age [17] and sex [18]. However,
force and fatiguability characteristics have not been stu-
died in UA muscles.

It was hypothesized that UA muscles may demonstrate
age and sex related force and fatiguability characteristics
similar to other skeletal muscles. Therefore, the force and
fatiguability characteristics of the functional unit that pro-
trudes the tongue, namely the intrinsic tongue muscles and
genioglossus, in a group of male and female subjects with a
wide age range, were examined.

Materials and methods

Subjects

Eighty-six females and 81 males who reported that they
did not snore and were not sleepy as assessed by the
Epworth score [19], were studied after ethical committee
approval and informed consent were obtained. Subjects
were excluded if they had any disease or were taking any
drugs, including hormones, which could influence neuro-
muscular function. Subjects were recruited from uni-
versity and hospital staff, students and patients. Height
(Ht), weight (wt), neck circumference [20] and skinfold
thickness measurements were made in order to calculate
fat free mass (FFM) [21, 22].

Force transducer

The force transducer was made "in-house" using a 0±6
kg button load cell (Graham & White Instruments Ltd, St
Albans, UK). The transducer consisted of a machined
nylon hand grip and mouthpiece (fig. 1). The mouthpiece
consisted of a 1 cm diameter nylon plate behind which
was positioned the load cell. Behind the plate the mouth-
piece consisted of a groove approximately 2 mm deep and
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2 mm wide. Subjects were asked to rest their upper and
lower incisor teeth in the groove in order to steady the
transducer rather than to bite on the transducer, ensuring
that when measuring fatiguability, tongue protrusion
fatigue and not jaw grip fatigue was measured. The force
transducer was therefore used with the mouth open just
enough to accommodate the transducer (fig. 2). This
opening was fixed in absolute terms (~1 cm) but not in
relative terms in relation to jaw anatomy. The end plate of
the force transducer was deliberately placed just inside
the teeth rather than in front, or a significant distance
behind, so that the tongue would be working at a physio-
logical length in each subject (at rest the tongue abuts the
incisors). Force could then be exerted on the plate by the
subjects tongue.

The movement of the plate on the button load cell
during measurements was negligible (<1 mm). The trans-
ducer was connected to a linear visual scale displaying
force in N or as a percentage of the subjects maximum
force (measured during a previous trial), (fig. 3). The force
transducer calibration was checked by fixing it vertically
and placing weights of known mass on top of the force
transducer (1 kg =9.8 N). The calibration range was linear
between 0±60 N.

Protocol

Subjects were seated upright and asked to look straight
ahead during measurements of force and fatiguability.
Maximum strength was measured by asking the subjects to
push their tongues against the force transducer as hard as

possible (a procedure which is not uncomfortable). The
maximum was taken as the greatest force produced in two
trials, which in most cases were identical. If the two trials
were not identical, further trials were performed until two
identical maxima were produced. In practice, this did not
require more than four trials in total. Subjects had to hold
their maximum force for 2 s which is approximately the
time taken to inspire when these muscles would normally
be active. Subjects were then allowed to rest for 5 min
whilst Ht, Wt, neck circumference and skinfolds were
measured. Fatiguability was then measured by asking the
subjects to maintain 50% of their maximum force for as
long as possible by watching the linear visual scale. They
were told that when they could no longer maintain 50%
they should relax their tongue, whereupon a rest period of
30 s began. After the 30 s rest subjects were asked to repeat
the procedure twice more, giving three periods at 50%
maximum tongue protrusion strength (t501, t502, t503).
Fatiguability was compared using t501 and also the total
time (in s) subjects could maintain 50% of maximum force
(i.e. the total of the three trials; t501 + t502 + t503 = ttot).

Reproducibility

Reproducibility of both Fmax, ttot and t501 were assessed
in 10 subjects (age 35�14 yrs) on five separate occasions
on different days.

Statistical analysis

Variables were compared using t-tests and linear re-
gression analysis as appropriate (SPSS for windows
Chicago, IL, USA). Reproducibility was assessed as the
coefficient of variation ((SD/mean value)6100). Compar-
ison of linear regression slopes was carried out using
confidence interval analysis [23].

Results

Mean age and anthropometric data (�SD) are shown in
table 1, together with the results of male/female compa-
risons. There was no difference in Epworth score between
males and females. Males were significantly heavier and

Fig. 3. ± Control box with analogue scale capable of registering force in
absolute units (N) or as a percentage of maximum force.

Fig. 1. ± Force transducer. At the extreme right of the force transducer is
the plate against which the tongue is pushed, and behind this is the
groove in which the incisor teeth are placed in order to fix the position of
the transducer.

Fig. 2. ± Diagrammatic representation based on a lateral cephalogram
with the force transducer in position for measurement of maximum force
and fatigue.

192 I.L. MORTIMORE ET AL.



taller with greater fat-free mass (FFM), but there was no
significant difference in body mass index (BMI).

Reproduciblity data is shown in table 2 for 10 subjects.
Mean coefficients of variation for maximal tongue pro-
trusion force (Fmax), ttot and t501 were 3%, 7% and 11%
respectively.

Fmax was significantly and negatively correlated with
age in both males (r= -0.57; p<0.001, fig. 4a) and females
(r= -0.56; p<0.001, fig. 4b). The slope of the relationship
was essentially the same for both males and females (95%
confidence intervals -0.05±0.15). Correction of Fmax for
FFM did not improve the correlation to age in either
males (r=0.5; p<0.001) or females (r=0.55; p<0.001). Age
was positively correlated with percentage body fat in both
males (r=0.5; p<0.001) and females (r=0.5; p<0.001), and
was neck circumference (males, r=0.52; p<0.001: fe-
males, r=0.6; p<0.001). There was no correlation between
age and FFM (p>0.05), or age and any of the indices of
fatiguability (p>0.05) for either males or females. Fmax

was significantly correlated with FFM in males (r=0.22;
p<0.001) but not in females (r=0.01; p>0.5). None of the
indexes of fatiguability were correlated to Fmax for males
or females (p>0.05).

Fmax was significantly greater in males compared to
females (table 3). However, if Fmax was corrected for
FFM (Fmax/FFM) this sex difference was eradicated
(table 3). There was no difference in any of the fatigu-
ability indexes between males and females (table 3).

Discussion

This study has demonstrated that Fmax decreases with
age in both adult males and females and that there is no sex
difference in tongue protrusion force once allowance is
made for total body muscle mass using FFM. The per-
centage variance in tongue protrusion strength caused by
age is, however, only around 30%.

Table 1. ± Comparison of anthropometric data in male and
female subjects

Males
(n=81)

Females
(n=86)

p-value

Height m 1.78�0.1 1.65�0.1 <0.001
Weight kg 77.0�10.9 67.3�13.8 <0.001
BMI kg.m-2 24.8�4.6 24.2�3.1 0.3
FFM kg 66.1�8.5 48.1�7.4 <0.001
Body fat % 13.7�5.4 27.7�5.9 <0.001
Neck circumference cm 38.4�2.8 33.6�2.9 <0.001
Age yrs 43�19.0 42.4�19.0 0.8
Epworth score 5.3�3.1 5.3�3.2 0.9

Data are presented as mean�SD. BMI: body mass index; FFM:
fat-free mass.

Table 2. ± Reproducibility of maximal tongue protusion
force (Fmax) and ttot

Subject
No.

Mean Fmax

N
CV
%

Mean ttot

s
CV
%

Mean t501
s

CV
%

1 30 4.6 94 11.0 29.2 9.5
2 20 4.0 86 9.6 36.8 6.2
3 30 1.7 97 4.0 44.2 6.8
4 36 1.4 86 8.0 42.8 5.4
5 23 2.4 67 6.2 31.6 14.6
6 33 1.6 108 5.6 22.8 14.6
7 38 2.0 110 8.0 35.4 11.4
8 18 2.7 113 7.1 30.6 19.0
9 33 7.0 98 5.9 33.8 15.0

10 36 6.1 73 5.0 35.2 9.0

CV: coefficient of variation; ttot: total time at 50% Fmax; t501:
time for initial trial at 50% Fmax.
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Fig. 4. ± Relationship of maximum tongue protrusion force (Fmax) to
age in: a) 81 males; and b) 86 female subjects. Regression equations: a)
Fmax= -0.25 age (yr) + 37 (r= -0.57; p<0.001); b) Fmax= -0.2 age (yr) +
28 (r= -0.56; p<0.001).

Table 3. ± Tongue protrusion force and fatiguability in
male and female subjects

Males
(n=81)

Females
(n=86)

p-value

Fmax N 26.3�8.3 19.9�6.7 <0.001
ttot s 89.5�55.0 85.3�40.5 0.5
t501 s 32�14.0 32�22.0 0.9
t502 s 30�22.0 26�11.0 0.4
t503 s 28�16.0 25�12.0 0.3
Fmax/FFM N.kg-1 0.4�0.1 0.4�0.1 0.3

Data are presented as mean�SD. Fmax: maximum tongue pro-
tusion strength; ttot: sum of three trials at 50% Fmax. t501, t502,
t503: time for first, second and third trials at 50% Fmax. FFM:
fat-free mass.
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Genioglossus reflex electromyographic activity in res-
ponse to UA negative pressure increases retroglossal UA
size in humans [24] by moving the tongue forwards. It has
also been shown that genioglossus electromyographic
activity is related to tongue protrusion force [25]. It could
also be argued that tongue protrusion and maintenance of
UA patency are dependent on the function of the intrinsic
tongue muscles. If this is the case then the present study
has still measured the force and fatiguability of the
functional unit which protrudes the tongue and maintains
UA patency.

The end plate of the force transducer was deliberately
placed just inside the teeth rather than in front of or a
significant distance behind, so that tongue protrusion
would be occurring at a physiological length in each sub-
ject (at rest the tongue abuts the incisors). It has recently
been suggested in studies on awake goats that genioglossal
length and therefore, optimum performance, may be ad-
versely affected by negative UA pressure [26]. Thus by
altering the position of the force transducer relative to the
teeth and optimizing muscle length in each subject, the
value of Fmax could have been increased but the mea-
surement would not then have been truly physiological
and any effects of the bony craniofacial structure in
determining muscle length and therefore tongue protru-
sion performance would have been eliminated.

Fifty per cent of maximum force was chosen for the
fatigue studies because this is a level of activity which
commonly causes fatigue in ~1 min for most skeletal
muscles [27]. It has also been shown that for muscles
contracting isometrically at least 15% of maximum force
is necessary to induce fatigue, rising to 40% if contracting
intermittently [28]. If lower percentages of maximum had
been used the trial periods would have lengthened, which
might have adversely affected subject motivation and co-
operation and therefore decreased reproducibility. The
rest periods were chosen as 30 s because full muscle re-
covery would be unlikely to occur within that time period
(table 3) and this would allow further indices of fatigu-
ability to be derived.

Reproducibility of Fmax measurement was of the order
of 3% which is acceptable for a physiological measure-
ment. The reproducibility of fatigue measurements were
around 7±11% which probably reflects the fact that this
measurement is more likely to be effort/motivation depen-
dent. However, many physiological measurements have
similar reproducibility and therefore valid conclusions can
be drawn.

In the present study both male and female subjects
demonstrated significant and similar correlations between
Fmax and age (fig. 2) which is consistent with data for
other skeletal muscles [17, 18]. The decrease in tongue
protrusion force with age could simply be related to loss
of muscle mass. However, there was no significant rela-
tionship between FFM and age in either males or females.
Thus, the reduction in tongue protrusion force in the
present study seems to be a phenomenon unrelated to
total body muscle mass per se. However, there were
significant positive correlations between age and both
percentage body fat and neck circumference, which sug-
gests that as tongue protrusion force decreases mass
loading of the UA may increase.

The male subjects were taller, heavier and had greater
FFM's compared to female subjects, but age and BMI were

identical for the two groups. Fmax was greater in male
subjects compared to female subjects matched for both age
and BMI. However, after correction of Fmax for FFM
(Fmax/FFM) there was no sex difference in tongue pro-
trusion force (p=0.3, table 3), suggesting that males and
females have equal tongue protrusion force on a force per
unit of body muscle mass basis. However, it must be
remembered that a measure of total body muscle mass
(FFM) was used, not tongue mass.

In the present study, tongue protrusion fatiguability was
not correlated to any other variable nor was there a sig-
nificant sex or age effect difference. However, any possible
effect of age on fatigubility could have been obscured
because fatiguability was measured as a percentage of
Fmax (which decreases with age in the present study) rather
than in absolute terms. This approach was necessary be-
cause the main aim of the study was to compare males with
females.

These results were obtained in normal awake subjects.
Their relevance to events during sleep is unknown. How-
ever, it is perhaps interesting to speculate on the relevance
of the observation of a reduction in tongue protrusion
strength with age to that of increasing severity and preva-
lence of sleep apnoea with age [29, 30]. Further inves-
tigation is required to determine whether the increased
prevalence/severity of sleep apnoea hypopnoea syndrome
with age [29, 30] could be related to decreasing tongue
protrusion strength.
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