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Abstract

Tongue strength has an important role in the swallowing process, and previous research has suggested that tongue position,
concerning the craniomandibular region, could affect the oral function. This study aimed to evaluate the strength and endur-
ance of three areas of the tongue in three experimentally induced craniocervical postures. A cross-sectional study with a
nonprobabilistic sample of 37 participants (mean age: 3.85 +3.64 years; 20 men, 17 women) was performed. Tongue strength
and endurance were assessed using a pressure device entitled lowa Oral Performance Instrument (IOPI), in three different
craniocervical positions: neutral head position (NHP), anterior head translation—or forward head position (FHP), and pos-
terior head translation—or retracted head position (RHP). Measurements taken using the IOPI system showed significant
differences in tongue strength for the anterior (p =0.015) and middle areas of the tongue (p =0.01). Significant differences
were observed in analysis of variance (ANOVA) in the FHP (p=0.02) and NHP (p =0.009). The results of tongue endur-
ance measurements showed statistically significant differences for FHP (» =0.001), NHP (p =0.00), and RHP (p =0.007).
The craniocervical position influences tongue strength, especially in the anterior and middle tongue areas, concerning the
posterior, and, in the anterior and neutral head posture, regarding the retracted position. No differences were found in tongue
resistance between the various craniocervical positions, but differences were found in resistance between the different tongue
areas.

Keywords Cervical posture - Tongue - Strength - Endurance - Deglutition - Deglutition disorders

Introduction

The tongue is part of the stomatognathic system, present-
ing an intrinsic and extrinsic musculature. It has specific
biomechanical characteristics for the performance of func-
04 Roy La Touche tions such as chewing, swallowing, or speech [1]. Extrinsic
roylatouche @yahoo.es musculature has its origin in bone structures, while intrinsic
musculature forms the body of the tongue [2, 3].
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a spread of tongue pressures in an anterior—posterior direc-
tion, which requires adequate strength and neuromuscular
control of the intrinsic musculature [7].

For this reason, the examination of the tongue motor
function and oral muscles is part of the clinical evaluation
process of the swallowing mechanism [8]. The spatial situ-
ation and direction of the tongue’s fibers lead to different
roles for each muscle. Nevertheless, correct neuromuscular
control is necessary for proper lingual and oral function [2,
9]. Patients with dysphagia show an impaired masticatory
performance, possibly due to reduced tongue forces and
disturbed oral sensitivity [10]. The improvement of tongue
strength may lead to an improvement of swallowing func-
tion [11]. Along these lines, it has been suggested that one
of the factors that may affect lingual force in the swallowing
process is the tongue position in the oral cavity in relation to
the craniomandibular region [12].

Some authors suggest that there is a coordinated rela-
tion between the mandible, the tongue, and the craniocer-
vical region in the development of various oral functions,
while the movements of the jaw and the cervical spine have
a spatiotemporal relation.[13]. During the mouth-opening
movement or chewing, the craniocervical region extends
concurrently with the onset of jaw depression [13]. There-
fore, depending on the head position, the movement of the
jaw shifts during mouth opening. When head leads forward,
the closing path approaches the maximal intercuspal position
from the anterior region, and when the head is bent back-
ward, the closing path approaches the maximal intercuspal
position from the posterior region [14]. In addition, there
is also an anatomical relation between the upper cervical
spine and the caudate nuclei of the trigeminal nerve, which
receives afferent information from craniofacial regions such
as the tongue and influence motor functions [15, 16].

These anatomical and neurophysiological relationships
may explain some of the findings previously discovered,
relating the cervical spine to the craniomandibular func-
tion. It has also been observed that changes in craniocervi-
cal posture might influence the activation of extrinsic lin-
gual muscles or that different craniocervical postures might
influence the patterns of electromyographic activity of the
suprahyoid and infrahyoid muscles [17—-19]. Other studies
have described how the various craniocervical positions
affect orofacial functions, such as maximum mouth opening,
electromyographic (EMG) activity of the masseter muscles,
the position of the mandibular condyle, or disorders of the
somatosensory system [20-22].

On the other hand, previous studies have also shown that
the orofacial function, and specifically tongue strength, may be
different according to gender. However, there are controversial
data in this regard, some research shows that men have greater
tongue strength than women, while other studies found no
significant differences [23-26]. Hence, it is not clear whether
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there is a real difference between men and women concerning
tongue strength, which could represent a clinically relevant
difference in the prevention or treatment of orofacial or swal-
lowing disorders.

The hypothesis of this study is that craniocervical and head
postures may directly influence muscle and oral functions,
which could have an impact on tongue strength or tongue
endurance. Understanding the influence of craniocervical pos-
ture on tongue strength could help patients with swallowing
or chewing disorders which could translate into better thera-
peutic strategies. The aim of this study was to evaluate tongue
strength and tongue endurance of the three areas of the tongue
in three experimentally induced craniocervical postures. The
secondary aim was to analyze whether there are differences
in tongue strength and tongue endurance between men and
women in the three tongue areas and craniocervical postures.

Methods
Study Design

A cross-sectional study was performed with a nonprobabilis-
tic sample. The design followed the international recommen-
dations for Strengthening the Reporting of Observational
Studies in Epidemiology [27]. All participants received an
explanation of the study procedures, which were planned
according to the ethical standards of the Declaration of Hel-
sinki and approved by an Ethics Committee (CSEULS-PI
001/2019). Written informed consent was obtained from all
participants before their inclusion.

Participants

A sample of 37 asymptomatic individuals was obtained from
La Salle University and from the Community of Madrid
through media and social networks, posters, brochures, and
emails. The participants were recruited between January
2019 and June 2019.

The inclusion criterion was as follows: healthy individu-
als with no pain. The exclusion criteria were: (a) individuals
who presented systemic, cardiorespiratory, central nervous
system or rtheumatic diseases, or those who presented any
musculoskeletal or craniocervical pathology; (b) underage
individuals; (c) individuals with orofacial pain or a history
of temporomandibular disorders.

Experimental Procedures
Craniocervical Postures
For each participant, tongue strength and resistance were

evaluated in the three craniocervical positions described
below, and illustrated at the left side of Fig. 1:
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— Neutral head posture (NHP), defined as the position of
the head in a vertical position. This position was further
confirmed as neutral if the tragus of the ear and acromion
were bisected by a plumb line.

— Forward head posture (FHP), defined as a 2 cm anterior
translation of the head, with or without lower cervical
flexion [28-30].

— Retracted head posture (RHP), defined as a 2 cm pos-
terior translation of the head over the trunk, associated
with upper craniocervical flexion and extension of the
low-to-mid-cervical spine [28-30].

Procedures for the Establishment of the Craniocervical
Posture

The Cervical Range of Motion (CROM) device (Perfor-
mance Attainment Associates, Roseville, MN; USA) was
used to perform the various craniocervical postures. This
instrument consists of plastic glasses to which several incli-
nometers are attached for each plane in space. Another of the
components included is a superior arm with a ruler, placed
in the horizontal plane, and a second vertical angled arm
with a level aimed to locate over the bony prominence of
the C7 vertebra which is the reference point used. In terms
of reliability and validity, several studies have confirmed the
use of this device for craniocervical range of motion meas-
urements [31, 32], as well as the moderate to good intra-
evaluator and inter-evaluator reliability [33, 34].
Craniocervical postures were measured in a sitting posi-
tion in a comfortable upright position with the thoracic spine

Fig. 1 Craniocervical postures and placement side of the measure-
ment device. a Retracted head posture (RHP); b neutral head posture
(NHP); ¢ forward head posture (FHP); d posterior lingual area; e
mid-position lingual area; f anterior lingual area. Measurements were
taken in the three craniocervical positions and in each lingual region

in contact with the back of a chair. The feet were positioned
flat on the floor with knees and hips at 90°, and arms rest-
ing freely alongside. FHP and RHP were achieved by initial
placement into the NHP.

FHP was performed with the CROM device after ver-
bal instruction to position the head forward in a horizontal
plane, reaching a 2 cm anterior displacement from the NHP
measured with the superior arm of the CROM. Participants
were instructed to maintain their eyes at the same horizontal
level while being told to “slide your jaw and head forward
until the examiner tells you to stop”. For the RHP, partici-
pants were instructed to position the head posteriorly in a
horizontal plane, reaching a 2 cm posterior displacement
from the NHP, also measured with the superior arm of the
CROM. All participants were instructed to maintain their
eyes at the same horizontal level while being told to “slide
your jaw and head backward until the examiner tells you to
stop” until reaching the target plumb line (Fig. 2).

Randomization

The order of the measurements was randomized for each
participant. A second, double randomization was carried
out for each participant, establishing a table that showed
the order in which the measurements were made for each
participant. A random sequence generator application was
used to create this order (GraphPad Software version 8.00
for Windows, 2019. GraphPad Inc., CA, USA).

The first randomization established the order in the
craniocervical postures (NHP, FHP, or RHP). In the same
way, the second randomization generated the measurement
sequence of the tongue area: anterior tongue area, middle
tongue area, or posterior tongue area. The final result con-
sisted of a combination of both randomizations, indicating
the entire measurement sequence. The measures performed
on the three tongue areas at each of the craniocervical pos-
tures are represented in Fig. 1.

Outcome Variables: Tongue Strength and Tongue
Endurance

Measurement Instruments

The IOPI system was used to measure tongue strength and
tongue resistance (Iowa Oral Performance Instrument;
Northwest, Co., LLC, Carnation, WA, EEUU). It is a port-
able device that records the pressure made by the tongue, in
kilopascals (kPa). This system can record both maximum
tongue strength and tongue endurance, using LED light feed-
back. The instrument has shown good reliability and validity
for the measurement of tongue strength [35, 36].
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Fig.2 Measurement procedures. a Setting for the forward head posi-
tion (FHP) and variables measurement outcome. b Setting for the
neutral head position (NHP) and outcome variables measurement. ¢
Setting for the retracted head position (RHP) and outcome variables
measurement. d Iowa Oral Performance Instrument (IOPI) device
used in the assessment of outcome variables (tongue strength and
tongue endurance). e Cervical Range of Motion (CROM) device used
to perform the craniocervical postures

Measurement Procedures

The measurements were obtained through the pressure
exerted on the bulb of the IOPI system, which was placed in
various positions (anterior area, middle area, and posterior
area of the tongue) and numerically recorded by the device.
Using images and indications from the researchers, the
placement site of the device on the three areas of the tongue
was determined as described below and also illustrated on
the right side of Fig. 1.

For the placement in the posterior tongue area, the last
molars were taken as a reference. For the anterior tongue
area, the bulb was placed just behind the incisors (without
making contact with them), between the tongue and the pal-
ate. For the tongue mid-position, starting from the anterior
position, the bulb was placed to coincide with the height
of the premolars/anterior molars. For all measurements, the
participant was instructed in the correct placement of the
mid-point of the tongue in the transverse plane prior to the
start of the measurement. In addition, the position of the jaw
during the measurement had to be closed but without reach-
ing the dental occlusion, allowing the cable connected to the
bulb to pass between the teeth, as described previously [37].
Measurement procedures are illustrated in Fig. 2.
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Tongue Strength Measurement

During the tongue strength measurement protocol, after
the bulb was correctly placed, the participant was required
to perform a maximum contraction during 3 s. After
obtaining the maximum tongue strength measurement, a
1-min rest was performed, and the test was repeated until
three measurements were obtained; and the highest meas-
ured value was used as data [35].

Tongue Endurance Measurement

To measure tongue resistance, 50% of the maximum
tongue force previously measured was used. By means
of LED light feedback, the participant was instructed to
maintain this force for as long as possible, which was
measured in seconds [35, 36].

Sample Size Calculation

A pilot study was carried out with 11 participants to cal-
culate the sample size, from which an effect size of 0.23
was obtained after performing an ANOVA of repeated
measurements for the variable tongue strength. Using the
program G * Power 3.1.9.2 for Mac (G * Power © by the
University of Dusseldorf, Germany), the calculation of
the sample size was made, considering an a error of 0.05
and 1 — # of 0.95, for one group and three measurements.
This calculation indicated that the sample should be 37
participants.

Statistical Analysis

We used the Statistical Package for Social Sciences (SPSS
22, SPSS Inc., Chicago, IL, USA) for the statistical analysis.
The level of significance for all tests was p <0.05.

The Shapiro—Wilk test was applied to determine the
normal distribution of the variables. A one-way repeated
measured analysis of variance (ANOVA), followed by three
pairwise comparisons, was used to determine differences in
tongue strength and tongue endurance among the three head
postures. For our secondary objective, a secondary analysis
by one-way ANOVA followed by three pairwise compari-
sons was used to determine differences in tongue strength
and tongue endurance among men and women for the three
tongue regions in the three head postures. Post hoc compari-
sons were conducted with the Bonferroni test. We calculated
the effect size (Cohen’s d) to compare the study variables.
Based on the Cohen method, the effect was considered small
(0.20-0.49), medium (0.50-0.79), or large (> 0.8) [38].
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Results

The total sample was 37 participants with a mean age of
23.85+3.64 years. All variables analyzed had a normal
distribution (p > 0.05). Any of the participants had pain or
adverse symptoms during the procedure.

Tongue Strength

ANOVA revealed significant differences in the anterior
tongue area, depending on the craniocervical postures
(F=4.42; p=0.015; np2=0.1 1). The post hoc analysis
showed significant differences between NHP and RHP,
with a small effect size (p <0.01; d=0.25). The ANOVA
also showed significant differences between medium tongue
area and the craniocervical postures (F=4.32; p=0.01;
np2=0.10). The post hoc analysis showed significant dif-
ferences between FHP and RHP (p =0.01; d=0.23) and
between NHP and RHP (p =0.05; d=0.27), both with a
small effect size. The ANOVA did not reveal significant
differences in the posterior tongue area (F=0.91; p=0.41;
n,°=0.02).

In addition, the ANOVA revealed significant differences
in the FHP and tongue area (F=4.48; p=0.015; np2 =0.11).

Table 1 Results of lingual strength measurements

The post hoc analysis showed significant differences only
between the medium tongue area and the posterior tongue
area, with a small effect size (p =0.01; d=0.23). The
ANOVA also showed significant differences in the NHP
(F=5.76; p=0.005; np2:0.138). The post hoc analysis
showed significant differences between the anterior tongue
area and the posterior tongue area (p =0.03; d=0.38), as
well as between the medium tongue area and the posterior
tongue area (p=0.01; d=0.27), both with a small effect
size (Table 1). ANOVA did not reveal differences in RHP
(F=2.92; p=0.06; n,>=0.07).

Tongue Endurance

The ANOVA revealed significant differences in the FHP and
tongue areas (F=7.17; p=0.001; np2 =0.166). The post hoc
analysis showed significant differences between the anterior
and the posterior tongue areas, with a medium effect size
(p=0.005; d=0.58). ANOVA also revealed significant dif-
ferences for the NHP (F=9.77; p<0.001; npz =0.213). The
post hoc analysis showed significant differences between
the anterior and the posterior tongue areas, with medium
effect size (p=0.001; d=0.60) and between the medium and
the posterior tongue areas, with small effect size (p=0.01;
d=0.39). Finally, ANOVA revealed significant differences

Measure Mean+SD

Mean difference (95% CI); effect size
(d)

Anterior area Medium area

Posterior area (a) Anterior vs medium
(b) Anterior vs posterior

(c) Medium vs posterior

Lingual strength FHP 5451+£12.21 54.00+11.52 51.21+11.88 (a) 0.51 (—2.34t03.37); d=0.04
(b) 3.29 (—0.28 t0 6.87); d=0.27
(c) 2.78% (0.42 t0 5.13); d=0.23
NHP 55.64+11.71 54.24+10.64 51.08 +£12.09 (a) 1.40 (—1.84 t0 4.65); d=0.12
(b) 4.56* (0.32 to 8.81); d=0.38
(c)3.16* (0.45t0 5.87); d=0.27
RHP 52.75+10.97 51.35+10.74 49.86+12.09 (a) 1.40 (—1.34t0 4.16); d=0.12
(b) 2.89 (=0.71 to 6.50); d=0.25
(c) 1.48 (—1.05t04.02); d=0.13
Mean difference (a) FHP vs NHP (a) —1.13 (a) —0.24 (=323 () 0.13 (—2.61 t0 2.88);
(95% CI); effect (b) FHP vs RHP (—3.69to to 2.75); d=0.01
size (d) (c) NHP vs RHP  1.42); d=-0.02 (b) 1.35 (= 1.19 to 3.89);
d=-0.09 (b) 2.64% (0.37t0  d=0.11
(b) 1.75 4.92);d=0.23 (c) 1.21 (—1.80 a 4.23);
(=0.78to  (c)2.89% (0.004to d=0.10
4.2); 5.78); d=0.27
d=0.15
(c) 2.89%%*
0.62to
5.16);
d=025

FHP forward head posture, NHP neural head posture, RHP retracted head posture, SD standard deviation

#p <0.05; **p <0.001
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for the RHP (F=5.39; p=0.007; 5,>=0.13). The post
hoc analysis showed significant differences between the
anterior tongue area and the posterior tongue area, with
medium effect size (p=0.04; d=0.50), as well as between
the medium and the posterior tongue areas, with small effect
size (p=0.001; d=0.45) (Table 2).

The ANOVA did not reveal significant differences in
tongue endurance for the anterior, posterior, or medium
tongue areas and the different craniocervical pos-
tures (F=0.59; p=0.55; n,7=0.02/F =0.78; p=0.46;
n,’=0.02/F=0.32; p=0.73; ,=0.01, respectively).

Secondary Analysis

For the secondary analysis, the total sample was distributed
according to gender (20 men, 17 women).

Tongue Strength

Anterior Area

The ANOVA revealed significant differences in the ante-
rior tongue area between men and women, depending on

the craniocervical postures (F=4.79; p=0.015; np2 =0.22).
The post hoc analysis showed significant differences in FHP

Table 2 Results of lingual endurance measurements

(p=0.04; d=1.02), NHP (p=0.01; d=1.24), and RHP
(»p=0.05; d=0.98) (Fig. 3).

Medium Area

The ANOVA revealed significant differences in the ante-
rior tongue area between men and women, depending on
the craniocervical postures (F=5.09; p=0.012; np2 =0.23).
The post hoc analysis showed significant differences in FHP

Anterior Area
ad=1.02 d=1.24 d=0.98

80 T ** 1 r = 1 T il 1 !Women
T
i&/ 601 # Men
£
()]
C
£ 40
n
(]
=}
2 o]
R

0_

NHP  RHP

Fig.3 Results of the secondary analysis according to gender for
tongue strength in the anterior lingual area and the three craniocervi-
cal positions. d=effect size (Cohen’s d)

Measure Mean+SD

Mean difference (95% CI); effect size (d)

Anterior area

Medium area

Posterior area (a) Anterior vs medium
(b) Anterior vs posterior

(c) Medium vs posterior

Lingual endurance FHP 22.00+8.39 20.03 +8.64 17.24 +7.81 (a) 1.97 (- 0.96 to 4.91); d=0.23
(b) 4.75* (1.25 to 8.25); d=0.58
(c) 2.78 (—0.25 t0 5.18); d=0.33
NHP 23.70+10.24 21.11+7.26 18.16+7.80 (a) 2.59 (—0.73 t0 5.92); d=0.29
(b) 5.54** (1.92 t0 9.15); d=0.60
(c) 2.94* (0.57 t0 5.31); d=0.39
RHP 22.78+11.30 21.54+8.46 17.70+8.42 (a) 1.24 (—3.08 to 5.57); d=0.12
(b) 5.08* (0.11 to 10.04); d=0.50
(c) 3.83** (1.42 t0 6.25); d=0.45
Mean difference (a) FHP vs NHP  (a) —1.70 (a) —1.08 (=3.77to (a) —0.91 (-3.82to
(95% CI); effect (b) FHP vs RHP (=5.52t0 1.61); d=-0.13 1.98); d=-0.11
size (d) (c) NHP vs RHP 2.11); (b) —1.51(—4.88 (b)—-0.45(-3.43
d=-0.18 to 1.85); to 2.51);
(b) —0.78 d=-0.13 d=-0.05
(—4.96 to () —043(=3.71to (c)0.45(—2.28a
3.39); 2.84); d=-0.05 3.19);
d=-0.07 d=0.05
(c) 0.91
(—2.84to
4.68);
d=0.08

FHP forward head posture, NHP neural head posture, RHP retracted head posture, SD standard deviation

#p <0.05; **p <0.001
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(»p=0.01; d=0.87), NHP (p <0.01; d=1.20), and RHP
(p=0.01; d=0.88) (Fig. 4).

Posterior Area

The ANOVA did not reveal significant differences in the pos-
terior tongue area between men and women, depending on
the craniocervical postures (F=0.98; p=0.39; '7132 =0.05).
However, the post hoc analysis showed significant differ-
ences in FHP (p=0.01; d=0.95), NHP (p=0.01; d=0.88),
and RHP (p <0.0; d=1.01) (Fig. 5).

Tongue Endurance

The ANOVA did not reveal significant differences in tongue
endurance for the anterior, medium or posterior tongue areas
and the different craniocervical postures (F=0.66; p=0.52;
1, =0.03/F=0.96; p=0.39; n,>=0.02/F=0.31; p=0.74;
np2 =0.02, respectively).

Discussion

The main objective of the study was to determine differ-
ences in tongue strength and tongue endurance in different
experimentally induced craniocervical postures. The results
confirm our hypothesis, showing significant differences
between the various craniocervical positions and the dif-
ferent tongue areas. Our results showed (1) that participants
demonstrated more tongue strength in NHP than in RHP
with the anterior area of the tongue and (2) demonstrated
more tongue strength with NHP and FHP than with RHP
in the medium tongue area. The results also suggest that
by using the anterior and middle areas of the tongue, it is

Medium Area
80 d=0.87 d=1.20 d=0.88
T * 1 T e 1 T * 1 ﬂWomen

g‘? # Men
< 607
£
(o))
C
2 40]
[0}
)
S :
2 501
i)

o B

FHP  NHP  RHP
Fig.4 Results of the secondary analysis according to gender for

tongue strength in the medium lingual area and the three craniocervi-
cal positions. d=effect size (Cohen’s d)
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Posterior Area
80 d=0.95 d=0.88 d=1.01
1T —— —— —= - BEwomen
§ # Men
=3 60
L
>
C
£ 40]
n
[0
=}
2 501
S
0,

FHP NHP  RHP

Fig.5 Results of the secondary analysis according to gender for
tongue strength in the posterior lingual area and the three craniocervi-
cal positions. d=effect size (Cohen’s d)

possible to develop greater strength and endurance than
using the posterior tongue area.

These results are consistent with previous studies that
showed that there were differences in the strength and resist-
ance developed with the anterior area with respect to the
posterior area [39]. It has been suggested that the variations
in anatomical structure of the tongue in each area might
justify these findings, but it might also be due to the specific
function of each tongue area [7, 40].

With regard to craniocervical postures, it has been sug-
gested that a greater ability to exert maximum strength per-
formed with the tongue in NHP could be related to the fact
that this position generates a greater biomechanical advan-
tage in the production of strength of the tongue musculature
[41]. The RHP might influence the hyoid bone, generating
a poorer disposition for muscle contraction, which impairs
the generation of strength [42]. NHP places the fibers in a
stretching situation, but the length—force ratio is more rel-
evant in sub-maximum and maximum stretching positions
[41].

Moreover, previous studies have shown that the crani-
ocervical position modifies the EMG activity of masticatory
muscles [21]. FHP increases the EMG activity of the geni-
oglossal muscle, which contributes in a substantial way to
tongue strength production during the isometric contraction
of the protrusion movement of the tongue or to the larger
amplitude EMG activity of the mylohyoid muscle during
swallowing [17, 43]. These studies suggest that FHP could
entail a more effortful recruitment of the suprahyoid muscle
that can impair tongue strength production. However, the
present study is the first to provide direct information on a
functional variable such as tongue strength and endurance
in relation to the craniocervical posture.

Although our results suggest that NHP produces the
most tongue force that can be generated, certain exercise
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methodologies for swallowing and speech disorders use
modifications of the cervical and craniocervical postures
to improve swallowing. These methodologies are based on
the increased electromyographic activity of the suprahyoid
musculature, compared to resting positions [44, 45]. Despite
this, the use of these exercises is not only promoted for its
ability to generate strength with the tongue, but also for its
ability to generate changes in the structures of the larynx and
pharynx compared to neutral positions [46].

Regarding the secondary aim of this study, the results
showed that men were able to produce higher tongue
strength than women in all three craniocervical positions,
nonethless, no difference in tongue endurance was found.
These results are consistent with those obtained by Youmans
et al. and Stierwalt and Youmans who found that maximum
tongue strength was greater in men. However, their results
showed no significant differences in mean tongue strength
exerted during shallowing between both genders [24, 25].
The anatomical differences between men and women may
explain these differences, and the greater muscle mass,
that men usually have, may translate into greater tongue
strength [47]. Yet, the proportion of slow fibers may be
similar between genders, which could explain the absence
of differences in muscle endurance, similar to the changes
associated with aging [48].

Finally, the fact that there is a relationship between the
craniocervical posture, and the maximum tongue strength
and tongue endurance suggests that the relationship should
be kept in mind when measuring these variables clinically
and for maximizing the results of training and rehabilita-
tion of orolingual function. Furthermore, this study provides
information on the influence of the craniocervical posture on
the strength and resistance of the tongue. This information
could help maximize the results of therapeutic exercise that
encourage better training of tongue strength and resistance
in patients with alterations in the lingual, oral, or cranio-
mandibular function.

Limitations

The results of the study should be interpreted with caution,
given it has certain limitations. First, the craniocervical
posture was induced experimentally; future studies could
evaluate the strength of the tongue considering the habitual
posture of the participants. Additionally, the position of the
hyoid, which plays an important role in the generation of
tongue force, was not measured in this study. It is also pos-
sible that there was intra-individual variability. Besides, the
sample is comprised of relatively young participants in a
certain age range, which is difficult to extrapolate to other
ages, because the variables of tongue strength and resistance
tend to decrease with age [49, 50]. Finally, it is necessary
to contrast these data with patients with craniomandibular
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alterations, as these results could be different and should be
considered with caution in their transfer to clinical practice.

Conclusions

The findings of this study suggest that craniocervical posture
influences tongue force, more significantly in the anterior
and middle tongue areas of the tongue with respect to the
posterior, and in the NHP and FHP postures with respect
to the RHP. These data suggest that craniocervical posture
should be a controlled factor, both for the measurement of
tongue strength and tongue resistance, and to maximize the
results of training and rehabilitation of orolingual function.

No differences were found in terms of resistance between
the various craniocervical positions, but differences were
found between the tongue areas studied. More studies are
needed that extend the age range and include patient popu-
lations who have speech, swallowing or chewing disorders.
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