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RESUMO 

Objetivo: Comparar o impacto do exercício isocinético “sucção da língua contra o palato” na região cervical em 
participantes Classe I e Classe II/2.ª Divisão, considerando a média e a simetria do Root Means Square (RMS) 
dos músculos supra-hióideos e suboccipitais, e relatos sensoriais cervicais. Método: Onze participantes Classe 
I e 19 Classe II/2.ª Divisão, ambos os gêneros, média de idade 33,4 ±14,1 anos. Para análise da média do RMS e 
da simetria, realizou-se eletromiografia dos músculos suboccipitais e supra-hióideos, bilateralmente, no repouso 
e na sucção de água nas fases inicial, intermediária e final. A sensação cervical foi avaliada qualitativamente 
durante os exercícios. Resultados: A média do RMS não apresentou diferença entre Classes (p=0,7), mas 
revelou, na fase intermediária, elevação na musculatura suboccipital (p=0,0001) e diminuição na musculatura 
supra-hióidea. Na simetria, a musculatura supra-hióidea mostrou diferença significativa entre classes (p=0,0001) 
durante a fase intermediária. No participante Classe I, foi restabelecida a simetria na fase final, fato que não 
ocorreu na Classe II/2.ª Divisão. Em relação à sensação cervical, somente os Classe II/2.ª Divisão apresentaram 
queixas expressivas. Conclusão: O exercício isocinético de sucção da língua contra o palato repercutiu de forma 
expressiva com relatos de desconforto e dor cervical nos participantes Classe II/2.ª Divisão. Na média do RMS, 
não houve diferença entre as classes, mas, na fase intermediária, a musculatura suboccipital apresentou elevação 
de atividade significativa. A simetria na musculatura supra-hióidea teve diferença significativa entre as classes 
e assimetria na fase intermediária.

ABSTRACT

Purpose: To compare the impact of isokinetic exercise (tongue suction on the palate) in the cervical region of 
Class I and Class II / 2nd Division participants, considering the average and the symmetry of Root Means Square 
(RMS) of suprahyoid and suboccipital muscles and cervical sensory reports. Method: 11 participants Class I 
and 19 Class II / 2nd Division, both genders, mean age 33.4 ± 14.1 years. For the analysis of RMS average and 
symmetry, electromyography was performed in the suboccipital and suprahyoid muscles, bilaterally, at rest and 
suction of water in the initial, intermediate and final phases. The cervical sensation was evaluated qualitatively 
during the exercises. Results: the mean RMS did not differ between Classes (p=0.7), but showed an increase in 
the intermediate phase in the suboccipital musculature (p=0.0001) and decrease in the suprahyoid musculature. 
In symmetry, the suprahyoid musculature showed a significant difference between classes (p=0.0001) during 
the intermediate phase. In the Class I participant the symmetry was reestablished in the final phase, a fact that 
did not occur in Class II / 2nd Division. Regarding the cervical sensation, only the Class II / 2nd Division had 
expressive complaints. Conclusion: The Isokinetic suctioning exercise of the tongue against the palate, had 
an expressive repercussion with reports of discomfort and neck pain in the Class II / 2nd Division participants. 
On average RMS, there was no difference between the classes, but in the intermediate phase, the suboccipital 
muscles showed a significant increase in the activity. Symmetry in the suprahyoid musculature had a significant 
difference between the classes and asymmetry in the intermediate phase.
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INTRODUCTION

The discomfort or pain are states that restrict and may 
even evolve into disabling conditions. Therefore, criteria 
or indicators must be considered. In the case of therapeutic 
interventions, which aim to strengthen muscle(1), complaints, 
such as radiated pain(2), are reported frequently. But these are 
not always investigated, probably because they have a complex 
etiology whose biomechanics can not only trigger but potentiate 
such symptoms(3,4).

Functional units such as the tongue have a greater predisposition 
to these pictures because it is anchored in the hyoid bone, which 
is interconnected to sophisticated systems, such as the cranio-
cervical and mandibular(3), whose complex gear(4) requires 
structures to be properly developed and positioned so that 
suboccipital muscles assist in cervical physiological curvature 
(lordosis) and guarantee head stability(5) so that the suprahyoid 
muscles exercise the cranio-mandibular lever(5) and the tongue 
can then move around.

The association of the tongue with the mandibular and cervical 
muscles(6), however, is not always highlighted. This is probably 
because specialists working in this area have traditionally limited 
themselves to the study of specific regions: speech therapists 
in the oral cavity and physiotherapists in the shoulder girdle 
and postural muscles of the head. However, in the alteration 
of the mandibular development, the connection of the tongue 
with the cervical region cannot always be disregarded, due to 
the interconnection of the mandible with the hyoid bone and 
the cervical spine(7). Participants - Class II / 2nd Angle’s division 
present occlusion with pronounced incisal vertical overlap, 
retrognathism and slightly tilted face down(8). The change in 
head posture can lead to the musculature of the tongue, hyoid 
bone interconnection chain(9) and cervical spine to reorganize 
themselves(4) to ensure the balance of the stomatognathic 
system(10). In particular, during the movement of the tongue, 
due to its posterior displacement(9) , according to mandibular 
retrognathism, not just the mandibular suprahyoid muscles(3), 
but also the postural muscles of the head, suboccipital(5) can 
be overwhelmed. 

In these dentoeskeletal changes, orofacial myofunctional 
disorders (OMDs) resulting from flaccidity in the lingual 
musculature are also observed(11,12,13), such as the accommodation 
of the tongue on the oral floor and the interposition of the 
same between the arches during swallowing and speech, in 
which Myofunctional Orofacial Therapies (OMTs), to favor 
the dentoeskeletal and orthognathic orthopedic treatments, are 
recommended(11,12,13). In these cases, language strengthening is 
one of the main goals to be achieved. During tongue movements, 
however, the mandibular and cervical muscles can also be 
overloaded(4). However, little is known about the impact of 
these movements on the cervical region. 

The practice of OMT to strengthen the musculature of the 
tongue is already mentioned in many studies(11,12,13), but cases with 
reports of discomfort or pain in the cervical region, during or after 
these exercises, are referred for physical therapy treatment(14). 
The clarification about the association of discomfort or pain in 
the cervical region with the movements of the tongue does not 

always occur. Myotherapy interventions that involve tongue 
movement in patients with head deviation must, therefore, 
consider interdisciplinary assessment. Such understanding will 
allow specialists to have a more comprehensive view of the 
cases, so that indicators, such as the presence of muscle pain 
or discomfort, can be clarified and thus avoid losses, such as 
treatment limitation and even possible iatrogenesis in other 
regions of the body, such as neck pain(15).

The study aims to compare the impact of isokinetic exercises, 
tongue sucking against the palate with subsequent swallowing, 
in the cervical region, in Class I and Class II - 2nd Division 
participants, considering the RMS average, the symmetry of 
the supra muscles - hyoid and suboccipital, and sensory reports 
in the cervical region.

METHOD

Experimental, quantitative and prospective study, performed 
at the Electromyography Laboratory of the Center for Studies 
and Research in Rehabilitation Dr. Gabriel Porto, Faculty of 
Medical Sciences, State University of Campinas-CEPRE / FCM 
/ UNICAMP. Approved by the Research Ethics Committee-CEP 
/ FCM / UNICAMP under number 39597414.2.0000.5404. All 
participants involved signed the Free and Informed Consent 
Form (ICF).

Sample

Consisting of 30 participants, 11 from the Angle Class I 
control group and 19 from the Class II - 2nd Angle Division 
experimental group, male and female, aged between 18 and 
59 years.

Inclusion criteria: healthy participants, with the presence of 
all dental elements, Class I molar relationship (without skeletal 
involvement) or Class II / 2nd Division molar relationship 
(retrognathic), with or without malocclusion. Exclusion 
criteria: participants with syndrome, chronic systemic disease, 
trauma or skeletal malformation, muscle pain, dental agenesis, 
patients with dental prosthesis, postural deviations, muscle 
pain, prescription of neurological and / or muscle relaxants and 
with temporomandibular disorder, according to RDC / DTM 
protocol 16, characterized with TMD according to Axis 1 of 
the protocol - muscle disorders, disc displacement, arthralgia, 
arthritis, arthrosis.

Procedures

Occlusal Analysis

Performed by a dentist at the Dentistry Service of Hospital 
das Clínicas / FCM / UNICAMP. According to the Angle 
classification: Class I with mesiodistal relation of the mandible, 
upper incisor teeth overlapping one-third of the crown height 
of the lower incisor teeth, first upper and lower molars with the 
mesiobuccal cusp of the upper molar in occlusion in the buccal 
sulcus of the lower molar. Class II - 2nd Division with mandibular 
retrognathism and/or maxillary prognathism, distal occlusion of 
the lower first molar tooth to the upper first molar and vertical 
overlap between the upper and lower incisor teeth(17).
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Surface Electromyography(18)

EExamination was carried out at the Electromyography 
Laboratory of the Speech Therapy Course / CEPRE / FCM 
/ UNICAMP. The equipment used was the Myosystem I 
electromyograph coupled to a 650 MHz Pentium® 4 (Intel) 
computer and Myosystem BR software, version 2.52 (Data 
Hominis Tecnologia Ltda.). Signal conditioner with 12 bits of 
resolution and CMRR (Common Rejection Mode) of 112 db 
@ 60 Hz. The electromyographic signal was obtained with an 
Analog Digital (A / D) converter from Myosystem Prosecon 
Ltda., Model PCI-DAS 1200 with 12 bits of resolution with 
sampling frequency for 2,000 Hz collection, being filtered by 20 
and 500 Hz bandwidth. Disposable bipolar Ag / AgCl electrodes 
model Chicopee MA 011 (Meditrace®, Kendall-LTP) were used 
with 1 cm in diameter, which were coupled to a pre-amplifier 
model PA1010-VA from Lynx Tecnologia Ltda., to create an 
active circuit differential.

Fixing the electrodes

DiIn the presence of hair, trichotomy and, subsequently, the 
astringency of the skin with 70% ethyl alcohol were performed. 
The participants then remained comfortably seated in a chair 
with their arms resting on their laps and their heads positioned 
parallel to the plane of the Frankfurt line connecting a point on 
the lowest part of the orbital margin to the tragus). They were 
instructed to keep their eyes fixed on the horizon to maintain 
the natural position of the head. The knees and hips were kept 
at 90 ° of flexion and the feet were supported on the floor. The 
reference electrode was positioned next to the participant’s 
frontal bone and the other electrodes were fixed bilaterally, with 
an inter-electrode distance of 1 cm, in the suprahyoid muscle(19) 
and suboccipital musculature(20). (Figure 1)

Language strengthening exercises

The maneuvers consisted of isokinetic movements of the 
tongue against the palate(11,12). For this, a nasogastric tube with 
a diameter of four milliliters (4 mL) was connected to a 10 mL 
syringe containing water and positioned between the tip of 
the tongue and the papilla behind the upper incisor teeth. The 
volume of 70 mL of water was sucked intermittently into a 
total of seven syringes. 

In the EMG records, four phases were considered: rest, 
beginning, intermediate and final, and the records were collected 
as soon as the participant started the syringe suction. The initial 
phase consisted of the RMS average for the suction of the first 
and second syringes. For the intermediate phase, the suction 
of the third, fourth and fifth syringes was considered, and 
the final phase, the suction of the sixth and seventh syringes. 
The variables average electrical activity and symmetry of the 
RMS were considered concerning the Occlusal Class, Phase 
and Class Effect.

EMG Signal Collection:
The duration of signal collection was measured during 

rest and water suction.

Recruitment of Lingual Musculature

It was obtained with a participant sucking water, using a 
disposable nasogastric tube, brand: Mark Med, short number: 
04, attached to a disposable syringe without needle, BD 
Plastipak brand, 10 mL(21). The syringe was filled with mineral 
water and the probe was positioned between the tongue and 
the incisive papilla region, making it possible to capture the 
muscular activity of the tongue from suction to swallowing 
the water. The evaluation was divided into four phases: Rest, 
Initial Suction, Intermediate Suction and Final Suction, with 
a five-minute rest between them. At rest and other phases, the 
signals obtained were at the beginning of each situation and 
ended after 10 seconds. Except for Rest, the initial and final 
suction phases corresponded to the average of two 10 mL 

Figure 1. Fixation of the electrodes in the suprahyoid musculature (a) and the suboccipital musculature; note that it was necessary to perform trichotomy for the proper positioning 
of the electrodes (b)
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syringes, while the intermediate one corresponded to the average 
of three syringes. In total, the participant performed several 
suctions in a total of 70 mL, corresponding to seven syringes.

As these were healthy participants, initially without reference 
to pain, no specific instrument was applied to investigate 
sensitivity. The sensations were determined from a pilot study 
whose predominant complaints were: discomfort, tiredness 
and pain. In these conditions, the participant was asked to 
define the location of the complaint, and the moment when it 
occurred was noted.

Statistical analysis

The analyzes were conducted independently in each of 
the compartments (Study of the Sample, Electromyography 
and Reports of Sensations), and separated according to the 
nature of the variables (parametric and non-parametric). The 
results were presented in the sequence defined by the type of 
analysis, below:

a) Exploratory Analysis
The statistical comparison of the groups by gender and age 

was performed by the method of Mann-Whitney, with correction 
of Yates. This method was chosen because the sample group did 
not have a normal distribution, which determined comparison 
by means and adopted a significance level of 5% (p = 0.05).

The parametric analysis of the sample confirmed similarity 
in the variance of the n, which justified the distinct number of 
participants found in this study. The results also showed that 
there was homogeneity in the characterization of the groups, 
equivalence concerning the age (p = 0.3003) and gender (p = 
0.9405), not influencing the processing of electromyography 
data and reports of sensations. 

b) Electromyography 
The data were tabulated in the “txt” language for quantitative 

analysis. However, they were not submitted to normalization(18), 
since the literature(22) mentions that, by attenuating signs of 
artifacts and inter-individual differences of the participants, 
in the case of clinical studies, the profile that differentiates 
the groups can be uncharacterized. Once the Root Means 
Square (RMS) values are tabulated(18) in the pre-processing 
phase, the original variables were transformed into appropriate 
indicators for the analysis and interpretation of results. In the 
pre-processing of the data from the electromyography, the 
symmetry index was calculated. This indicator varied from zero, 
indicating an absence of symmetry, up to one, which indicates 
perfect symmetry in the amounts of muscle activation, that is, 
exactly equal values observed on the right and left sides(18).

The average RMS values for each muscle were also 
calculated, as described, and the symmetry, by calculating the 
average of the correlated values observed in the same muscle 
on the right and left sides.

The indicators obtained in the pre-processing phase were 
subjected to analysis of variance based on rank and adjusted 

in a mixed generalized linear model to test the effects of the 
Occlusal Class and Phase in the form of repeated measures 
since there was also an evaluation in the different phases.

The need to adopt the technique of variance analysis based 
on posts was only realized after the start of the analysis of the 
original data, since attempts to adjust a model with residues 
adhering to the Gaussian distribution were frustrated., which 
forced the application of a parametric / non-parametric hybrid 
method. In the planning phase of the analysis, the application 
of the Tukey test for multiple comparisons of means was 
defined. In all statistical tests, it was adopted the significance 
level of 5% (p=0.05).

In the investigation of Class I and Class II - 2nd Division 
participants regarding the repercussion of tongue strengthening 
exercises (phases: rest, initial, intermediate and final) in the 
cervical region, quantitative variables (mean and symmetry) 
of the muscles were considered suprahyoid and suboccipital, 
and descriptive (sensory reports) of the cervical region. With 
the digitalized electromyographic records, it was possible to 
calculate the average muscle electrical activity using the RMS, 
according to the following equation:

And, for symmetry analysis, the following equation was 
adopted:

ISMuscle is the symmetry index of each muscle studied, 
having been calculated indicators for the suprahyoid and 
suboccipital muscles; Right RMS is the value of the root of the 
mean square (Root Mean Square) of the muscle positioned on 
the right side and the left RMS corresponds to the value obtained 
in the homologous muscle. This indicator ranges from zero 
(indicating absence of symmetry) to one, which indicates 
perfect symmetry in the amounts of muscle activation, that 
is, exactly equal values observed on the right and left sides.   

c) Studies of sensations reported by participants
Given the nominal nature of the measures, the analysis of the 

sensations was based on the construction of one-dimensional 
contingency tables, with a purely descriptive objective, and on 
two-dimensional contingency tables associated with the test 
of Cochran, Mantel e Haenszel, to compare the equality of 
scores in the groups. The significance level of 5% was adopted 
for the interpretation of results..

RESULTS

Gender

The analysis of gender confirmed the equivalence between 
the groups (p = 0.9405) (Table 1) of subjects Class I and Class 
II / 2nd Division (retrognathic).
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Table 1. Comparison of numerical variables about gender between 
Class I and Class II / 2nd Division (dental open bite and mandibular 
retrognathism) 

Gender Class TOTAL

I II/2nd Division

Female (frequency) 5 9 14

(%) 45.45% 47.37%

Male (frequency) 6 10 16

(%) 54.55% 52.63%

TOTAL 11 19 30

freq.: Frequency. Test statistic of Mann-Whitney: W=106,5; p-value=0,9405

Age

The age analysis also proved the equivalence between the 
two groups (p = 0.3003) (Table 2).

Table 2. Comparison of numerical variables concerning age 
between groups

Group N Average Median DP Minimum Maximum

Class I 11 36.5 38 14.1 18 58

Class II 19 30.4 23 14.2 18 59

N: sample number; DP: Standard deviation. Test statistic of Wilcoxon: W=129; p-value=0,3003

Average

On average, strong evidence (p <0.01) of differences between 
the mean RMS of the suprahyoid and suboccipital muscles was 
observed in at least two of the four phases studied. However, 
there was no evidence of significant effects of the class or 
interaction. A similar result was observed in the mean symmetry 
of the suboccipital muscles with strong indications (p <0.01) of 
differences between the mean symmetries only in the phases. 
In the suprahyoid muscle, the data revealed strong evidence (p 
<0.01) of the existence of significant interaction, which leads 
us to conclude that the phases and classes interact and generate 
effects resulting from the combination. 

As there was no significant difference between the classes 
(Table 3), they were then added together for the analysis of 
comparison of the mean RMS of the suprahyoid and suboccipital 
muscles, according to the figures 1A and 1B.

Table 3. Analysis of variance based on the rank of RMS data (Mean 
and Symmetry) of suprahyoid and suboccipital muscles

Variables / Effect
Degrees of freedom Test of F

Numerator Denominator Statistic Value-p

Average of suprahyoid

Class 1 26 0.12 0.7369

Phase 3 78 8.57 0.0001

Class*Phase 3 78 0.17 0.9146

Average of suboccipitals

Class 1 26 0.07 0.7913

Phase 3 78 6.83 0.0004

Class*Phase 3 78 0.19 0.9005

Symmetry of suprahyoid

Class 1 26 26.34 0.0001

Phase 3 78 14.21 0.0001

Class*Phase 3 78 6.00 0.0010

Symmetry of the suboccipitals

Class 1 26 2.05 0.1643

Phase 3 78 19.52 0.0001

Class*Phase 3 78 1.08 0.3641

RMS: Root Means Square, significance level: p <0.05; * interaction

The test of Tukey in the suprahyoid muscles revealed a 
significant difference only in the resting phase (Figure 1A). 
Note, however, that although not significant, there was an 
impressive decrease in activity during the intermediate phase, 
which coincided with the only phase in which the suboccipital 
musculature also showed a significant increase concerning the 
other phases (Figures 2A and 1B).

Figure 2. Means (standard deviation), confidence limits of the mean and Tukey’s test to compare the RMS means of the suprahyoid muscles and the suboccipital muscle group. Bars with the 
same letters indicate means that differ from each other at the 5% significance level
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Symmetry

In the analysis of symmetry based on the RMS of the 
suboccipital muscles, the classes were added again, since, 
according to Table 3, there was also no significant difference 
between the classes (Figure 3).

Figure 3. Means (standard deviation) confidence limits of the mean and Tukey’s test for 
comparison of suboccipital muscle symmetry. A bar with the same letters indicates means 
that do not differ at the 5% significance level

        

 

Figure 4. Means (standard deviation) confidence limits of the mean and Tukey’s test to 
compare the symmetry of the suprahyoid muscles. A bar with the same letters indicates 
means that do not differ at the 5% significance level. S: Suction, Interm: intermediate. Note 
that the suprahyoid musculature showed a significant difference between the occlusal 
classes in all phases, except for resting (A) and asymmetry in Class I only in the intermediate 
phase, unlike what occurred in Class II / 2nd Division, which from the moment he started to 
perform the exercises maintained asymmetry in a systematic way (B)

The test shows that in both Class I and Class II, the asymmetry 
occurred only in the intermediate suction phase. It was interesting 
to note that, at this moment of asymmetry, there was an increase 
in activity in the suboccipital musculature (Figure 3B). 

Finally, unlike what happened previously in the suprahyoid 
muscles, Class I participants showed a different behavior from 
Class II - 2nd Division participants, as well as throughout the 
phases (Table 3).

Comparing the effects within each phase (capital letters), it 
is observed that only in the resting phase the participants Class I 
and Class II were symmetrical. As they started to suck, however, 
Class I was more balanced than Class II - 2nd Division (Figure 
4A), and the asymmetry occurred only in the intermediate 
phase and is restored in the final phase. In Class II, asymmetry 
is evident in the initial, intermediate phase without restoring 
balance even in the final phase (Figure 4B).

Description of cervical sensation  

In the report of the sensation, it is evident, in the intermediate 
and final phases, the high percentage of Class I participants 
(75%) without complaint, unlike what occurs in Class II / 2nd 
Division (14.5%) (Chart 1).

Chart 1. Report on different occlusal classes of cervical sensation 
along the tongue strengthening phases 

Class I Phase 1 Phase 2 Phase 3 Phase 4

1        

2        

3        

4        

5        

6        

7        

8        

9        

10        

11        

Class I Phase 1 Phase 2 Phase 3 Phase 4

1        
2        
3        
4        
5        
6        
7        
8        
9        

10        
11        
12        
13        
14        
15        
16        
17        
18        
19        
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Intermediate (F3) more final (F4)

Class I Class II

No complaint      75% 14.5%

Nuisance  11.5% 17%

Tiredness  4.5% 22.5%

Exhaustion  9% 23.5%

Pain  0% 22.5%

1: rest; 2: initial; 3: intermediate; 4: final

DISCUSSION

The tongue strengthening exercises had a significant impact 
on the cervical region, with reports of discomfort and pain only 
in the participant Class II - 2nd Division, retrognathic. Such 
reports are justified by the muscular behavior in the tongue 
strengthening exercises in the different occlusal classes, evidenced 
by the mean RMS variables and symmetry of the suprahyoid 
and suboccipital muscles.

For speech therapy practice, these results are extremely 
relevant, since tongue strengthening exercises are widely used 
throughout myotherapy interventions in different situations 3. 
And the triggering of discomfort or pain complaints can not only 
hinder but even make it impossible to continue the exercises. 
Another factor to consider is the relevance of interdisciplinary 
assessments, speech therapy and physiotherapy, for the 
understanding of complaints in the region of the shoulder girdle, 
as we can see in the discussion below. 

For signal analysis, the RMS was considered, since the signals 
had a balanced distribution throughout the abstractions. In the 
mean of the RMS regarding the occlusal class, the results did 
not reveal a significant difference. However, the data indicated 
that something occurred in the intermediate phase since the 
suprahyoid musculature showed a significant decrease in activity 
and the suboccipital musculature, a significant increase (p = 
0.0004). In other words, the data indicate that, at the moment of 
a decline in the activity of the suprahyoid muscles, the cervical 
region performed a compensation whose results can be justified 
by three factors.

Firstly, due to the common neural command between 
the motor systems of the jaw and the neck, responsible for 
maintaining the balance of the head so that important functions, 
such as swallowing - which was part of the suction exercise 
proposed by the study, since the water was swallowed and both 
moments were considered in the collection -, can occur without 
complications(21,23). The second factor to be considered is the 
suprahyoid musculature and the movements exerted by the 
tongue that can be correlated, due to the link they have with 
the hyolaryngeal complex(24). Note that the exercise proposed 
in the study, by lifting the tongue to support itself on the 
palate and pulling the hyoid bone up, caused a change in the 
functional chain, especially the Trine of Beclard(25), where the 
hyoid bone, the hypoglossal nerve and the posterior part of the 
digastric muscle are located(3). The latter, with insertion in the 
mastoid eminence of the temporal bone, closely related to the 

insertion of the suboccipital musculature in the neck region(3,5). 
And, finally, the joint action of the tongue with the suboccipital 
muscles may also have been favored by the branches of the 
hypoglossal nerve present in the cervical loop(3,5).

In a more detailed analysis using symmetry(18) − that is, the 
right and left sides, which identify situations of adjustments 
and compensations -, in the suboccipital musculature, there 
was also no difference between the classes, but again about the 
intermediate phase. That is, in this phase, something triggered a 
breakdown in the posture of the head that, later, in the final phase, 
was rebalanced. In the symmetry of the suprahyoid muscles, 
there was a significant difference between classes. In Class 
I, the only moment of asymmetry of both the suprahyoid and 
suboccipital muscles was again in the Intermediate Suction(26), 
reinstated in the final stage. Muscle breakdown or inconsistency, 
in this case, agrees with studies(26,27) that indicate a reflex action 
to maintain movement and search for balance of the functional 
system. And, in Class II / 2nd Division, consistent data found 
asymmetry in the suprahyoid muscle throughout almost all 
phases, distinctly from what happened in Class I.

In Class II - 2nd Division, muscle behavior was probably 
affected by retrognathism, which causes flaccidity in the tongue 
musculature due to the open dental and skeletal bite of these 
cases. The flaccidity, therefore, justifies the unstable state in 
the Rest, Initial and Intermediate Suction phases, a fact that 
did not occur in the Final Suction, in which the two classes 
reestablished the symmetry in the suboccipital musculature, 
that is, postural balance of the head. This is probably because 
the participants were aware that it would be the last exercise. 
Such continuity, however, was not without cost for participants 
of Class II - 2nd Division, whose reports of tiredness, discomfort 
and pain occurred since the Initial Suction. Note that significant 
pain and discomfort complaints in the cervical region (63%) 
and base of the tongue (37%) culminated in all participants 
in the final suction. In the Class I participant, complaints of 
discomfort and pain were punctual and irrelevant in the lower 
middle dorsal region of the tongue in only five participants. 
The presence of discomfort and pain is noteworthy, as it is 
about young adults(28) (mean age 32.63 ± 14.02), homogeneous 
concerning gender and healthy, therefore, there is no need, even, 
for the application of a specific protocol for determining pain, 
as they do not yet have indications, such as the aging process, 
that can trigger such symptoms(29). However, it was confirmed 
how much tooth / skeletal factors can interfere in these cases.

In the participants, Class II - 2nd Division, the cervical 
rectification resulting from retrognathism, by tensioning the 
suboccipital muscles, made the swallowing arduous, since 
probably the hyoid muscles contracted during the exercises 
and were unable to fully relax after the movement, mainly the 
posterior part of the digastric muscle. In tongue strengthening 
exercises, the isometric contraction required in the tongue 
triggered an increase in tension throughout his muscular 
belly, leading to overactivation of Golgi tendon organs(27,30). 
A study reports that successive stimuli awaken free nerve 
endings responsible for system input, which, in the face of 
overload, slow down muscle action(26). And with that, instead of 
strengthening the musculature, they promote a monosynaptic 
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reflex(30) whose response can cause tiredness, discomfort or 
pain. This is a picture consistent with the sensory reports 
obtained in this study.

FINAL CONSIDERATIONS: the present study presented 
a series of limitations, such as the use of postural assessment 
only for exclusion and the absence of quantitative devices to 
measure pain, which could bring more evidence with the increase 
of the sample. Such devices could also have contributed to 
the normalization of the data, thereby mitigating the possible 
inter-individual differences. Thus, future research must be 
conducted observing this important aspect.

CONCLUSION

Isokinetic exercises, sucking the tongue against the palate 
with subsequent swallowing, had significant repercussions with 
reports of discomfort and pain in the cervical region only in Class 
II - 2nd Division participants. In the mean of the RMS, there was 
no difference between the classes, but, in the intermediate phase, 
the suboccipital musculature showed a significant increase in the 
activity. Regarding symmetry in the suprahyoid musculature, data 
revealed a significant difference between classes and asymmetry 
in the intermediate phase..

ACKNOWLEDGEMENTS 

We thank all the volunteers that participated in the research; 
the Radiology Department of Hospital das Clínicas, Unicamp; 
to CEPRE-UNICAMP teachers, servers and students.  

REFERENCES

1. Ferreira TS, Mangili LD, Sassi FC, Fortunato-Tavares T, Limongi SCO, 
Andrade CRF. Speech and myofunctional exercise physiology: a critical 
review of the literature. J SocBrasFonoaudiol. 2011;23(3):288-96. https://
doi.org/10.1590/s2179-64912011000300017. PMid:22012166

2. Shen FH, Samartzis D, Fessler RG.Textbook of the Cervical Spine. 1rt 
ed. Saunders: Elsevier Health Sciences; 2014

3. Norton NS. Netter’s Head and Neck Anatomy for Dentistry. Netter Basic 
Sciences. 3rd ed. Elsevier: Health Science; 2016

4. Bondi M. Muscular “Modus Agendi” and craniomandibular dysfunction. 
J Orofacial Myology. 1995; 21:61-65. PMid:9055673

5. AI Kapandji. The physiology of the joints: The Spinal Column, Pelvic 
Girdle and Head v.3. 6th Revised edition. London UK: Publish Elsevier 
Health Sciences; 2008

6. Shiino Y, Sakai, S, Takeishi, R, et al. Effect of body posture on involuntary 
swallow in healthy volunteers. PhysiolBehav 2016; 155: 250–259

7. Ishii T, Narita N, Endo H. Evaluation of jaw and neck muscle activities 
while chewing using EMG-EMG transfer function and EMG-EMG 
coherence function analyses in healthy subjects. Physiology&Behavior. 
2016; 160:35–42. https://doi.org/10.1016/j.physbeh.2016.03.023. 
PMid:27059322

8. Lopatiene K, Smailiené D, Sidlauskiene M. An Interdisciplinary Study 
of Orthodontic, Orthopedic, and Otorhinolaryngological Findings in 
12–14-Year-Old  Preorthodontic Children. Medicina (Kaunas). 2013;49(11). 
PMid:24823929

9. Li Q, Minagi, Y, Hor K, Kondoh J, Fujiwara S, Tamine K, et al. Coordination 
in oro‐pharyngeal biomechanics during human swallowing. PhysiolBehav. 
2015; 1: 300– 305. https://doi.org/10.1016/j.physbeh.2015.05.004. 
PMid:25957912

10. Graber TM. The “three M’s”: Muscles, malformation, and malocclusion. 
Am J Orthod. 1963; 49(6): 418-450. https://doi.org/10.1016/0002-
9416(63)90167-2

11. Proffit WR, Mason RM. Myofunctional therapy for tongue thrusting: 
background and recommendations. J AmDent Assoc.1975; 90:403-11. 
https://doi.org/10.14219/jada.archive.1975.0075. PMid:1053783

12. Giuca MR, Pasini M, Pagano A, Mummolo S, Vanni A. Longitudinal 
study on a rehabilitative model for correction of atypical swallowing. 
Eur J PaediatrDent. 2008;9(4):170–174. PMid:19072004

13. J. Smithpeter, D. Covell. Relapse of anterior open bites treated with 
orthodontic appliances with and without orofacial myofunctional therapy. 
Am J OrthodDentofacialOrthop, 137 (2010), pp. 605-614. https://doi.
org/10.1016/j.ajodo.2008.07.016. PMid:20451779

14. Van Grootel RJ, Buchner R, Wismeijer D, Van der Glas HW. Towards an 
optimal therapy strategy for myogenous TMD, physiotherapy compared 
with occlusal splint therapy in an RCT with therapy-and-patient-specific 
treatment durations. BMC MusculoskeletalDisorders. 2017; 18:76. 
https://doi.org/10.1186/s12891-017-1404-9. PMCID:PMC5301345. 
PMid:28183288

15. Teixeira JM, Barros Filho T, Lin TY, Hamani C, Teixeira WGJ. Cervicalgias. 
Rev Med. 2001;80(2):307-16.

16. Ahmad M, Hollender L, Anderson Q, Kartha K, Ohrbach R, Truelove E, 
Mike JT, Schiffman E. Research Diagnostic Criteria for Temporomandibular 
Disorders (RDC/TMD): Development of Image Analysis Criteria and 
Examiner Reliability for Image Analysis. Oral Surg Oral Med Oral Pathol 
Oral RadiolEndod. 2009; 107(6): 844–860. https://doi.org/10.1016/j.
tripleo.2009.02.023. PMCID: PMC3139469. PMid:19464658

17. Todd M, Walkow DMD, SheldonPeck DDS. Dental arch width in Class II 
Division 2 deep-bite malocclusion. American Journal of Orthodontics and 
Dentofacial Orthopedics. 2002;122(6):608-13. https://doi.org/10.1067/
mod.2002.129189. PMid:12490871

18. Ries LG, Alves MC, Bérzin F. Asymmetric activation of temporalis, 
masseter, and sternocleidomastoid muscles in temporomandibular disorder 
patients. Cranio. 2008; 26:59–64. https://doi.org/10.1179/crn.2008.008. 
PMid:18290526

19. Ormeño G, Miralles R, Loyola R, Valenzuela S, Santander H, Palazzi C, 
Villanueva P: Body position effects on EMG activity of the temporal and 
suprahyoid muscles in healthy subjects and in patients with myogenic 
cranio-cervical-mandibular dysfunction. J CraniomandibPract. 1999; 17:132-
142. https://doi.org/10.1080/08869634.1999.11746087. PMid:10425940

20. Sommerich CM, Joines SMB, Hermans V, Moon SD. Use of surface 
electromyography to estimate neck muscle activity. J ElectromyogrKinesiol, 
10 (2000) 377–398

21. Kim Y, McCullough GH. Maximum hyoid displacement in normal 
swallowing. Dysphagia. 2008; 23:274–9. https://doi.org/10.1016/s1050-
6411(00)00033-x. PMid:11102841

22. Duarte Kroll C, Bérzin F, Alves MC. Avaliação clínica da atividade dos 
músculos mastigatórios durante a mastigação habitual – um estudo sobre 
a normalização de dados eletromiográficos. Revista de Odontologia da 
UNESP. 2010;39(3):157-62

23. H Zafar. Integrated jaw and neck function in man. Studies of mandibular 
and head-neck movements during jaw opening-closing tasks.SwedDent 
J. 2000; 143:1-41

24. Pearson WG, Langmore SE, Yu LB, Zumwait AC. Structural Analysis of 
muscles elevathing the hyolaryngeal Complex. Dysphagia.2012; 27, 445-
451. https://doi.org/10.1007/s00455-011-9392-7. PMCID:PMC3350616. 
PMid:22278076 

25. Machado A.Neuroanatomia Funcional. 3ªed. São Paulo: Atheneu, 2013. p.360
26. Ide NI, Muramatsu LV, Ramari C, Macedo DV, Palomari ET. Artigo de 

revisão. Adaptações neurais ao treinamento de força. Rev. Acta Brasileira 
do Movimento Humano. 2014;4(5):1-16

27. Phablo Abreu P, LealCardoso JH, Ceccatto VM. Adaptation of skeletal muscle 
to physical exercise: molecular and energy considerations. RevBrasMed 
Esporte. 2017;23(1). https://doi.org/10.1590/1517-869220172301167371

https://doi.org/10.1590/s2179-64912011000300017
https://doi.org/10.1590/s2179-64912011000300017
https://pubmed.ncbi.nlm.nih.gov/22012166
https://pubmed.ncbi.nlm.nih.gov/9055673
https://doi.org/10.1016/j.physbeh.2016.03.023
https://pubmed.ncbi.nlm.nih.gov/27059322
https://pubmed.ncbi.nlm.nih.gov/24823929
https://doi.org/10.1016/j.physbeh.2015.05.004
https://pubmed.ncbi.nlm.nih.gov/25957912
https://doi.org/10.1016/0002-9416(63)90167-2
https://doi.org/10.1016/0002-9416(63)90167-2
https://doi.org/10.14219/jada.archive.1975.0075
https://pubmed.ncbi.nlm.nih.gov/1053783
https://pubmed.ncbi.nlm.nih.gov/19072004
https://doi.org/10.1016/j.ajodo.2008.07.016
https://doi.org/10.1016/j.ajodo.2008.07.016
https://pubmed.ncbi.nlm.nih.gov/20451779
https://doi.org/10.1186/s12891-017-1404-9
https://pubmed.ncbi.nlm.nih.gov/28183288
https://doi.org/10.1016/j.tripleo.2009.02.023
https://doi.org/10.1016/j.tripleo.2009.02.023
https://pubmed.ncbi.nlm.nih.gov/19464658
https://doi.org/10.1067/mod.2002.129189
https://doi.org/10.1067/mod.2002.129189
https://pubmed.ncbi.nlm.nih.gov/12490871
https://doi.org/10.1179/crn.2008.008
https://pubmed.ncbi.nlm.nih.gov/18290526
https://doi.org/10.1080/08869634.1999.11746087
https://pubmed.ncbi.nlm.nih.gov/10425940
https://doi.org/10.1016/s1050-6411(00)00033-x
https://doi.org/10.1016/s1050-6411(00)00033-x
https://pubmed.ncbi.nlm.nih.gov/11102841
https://doi.org/10.1007/s00455-011-9392-7
https://pubmed.ncbi.nlm.nih.gov/22278076
https://doi.org/10.1590/1517-869220172301167371


Nascimento et al. CoDAS 2020;32(4):e20180285 DOI: 10.1590/2317-1782/20202018285 9/9

28. Mansilla‐Ferragut, P, Fernández‐de‐las‐Peñas, C, Alburquerque‐Sendín, F, 
Cleland, JA, Boscá‐Gandía, JJ. The immediate effects of atlanto‐occipital 
joint manipulation on active mouth opening and pressure pain sensitivity 
in women with mechanical neck pain. J Man PhysiolTher. 2009; 32: 
101– 106. https://doi.org/10.1016/j.jmpt.2008.12.003. PMid:19243721

29. Hatch JP, Shinkai RSA, Sakai S, Rugh JD, Paunovich ED. Determinants of 
masticatory performance in dentate adults. Arch. Oral. Biol. 2001;46(7):641-
48. https://doi.org/10.1016/s0003-9969(01)00023-1. PMid:113693

30. Guyton AC, Hall JE. Guyton and Hall Textbook of Medical Physiology, 
International Edition. The 13th edition. Elsevier: Health Sciences; 2015

Author contributions

The authors participated in the study, contributing to its design, development 
and completion. They contributed mainly with the point of view of a 
multidisciplinary team, since they have different backgrounds.

https://doi.org/10.1016/j.jmpt.2008.12.003
https://pubmed.ncbi.nlm.nih.gov/19243721
https://doi.org/10.1016/s0003-9969(01)00023-1
https://pubmed.ncbi.nlm.nih.gov/113693

