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ABSTRACT

Introduction: The clinical practice of speech pathology in hospitals 
shows that there is a high prevalence of dysphagia in post-stroke patients. 
Purpose: To verify whether the time of occurrence, type of stroke, 
affected hemisphere, severity of neurological deficit, presence or absence 
of dysphagia, and degree of dysphagia interfere with tongue pressure in 
post-stroke patients. Methods: This study was conducted in 31 stroke 
patients. Three evaluations were performed, one of tongue mobility, 
another of dysphagia, and another of tongue pressure using the Iowa 
Oral Performance Instrument. Three measurements were performed of 
anterior and three of posterior tongue pressure. Data were analyzed using 
appropriate statistics, considering a significance level of 5%. Results: 
Only the presence of dysphagia was associated with tongue pressure. 
Post-stroke patients with dysphagia had lower anterior and posterior 
tongue pressure (mean and maximum) than those without dysphagia. 
The time of occurrence, type, and affected hemisphere of the stroke 
and severity of the neurological deficit were not associated with tongue 
pressure. Regarding the degree of dysphagia, of the 15 participants who 
had swallowing difficulties, 14 were classified with mild and one with 
moderate dysphagia. Conclusion: Dysphagia was the most important 
factor in the decrease of tongue pressure in post-stroke patients.
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RESUMO

Introdução: A prática clínica fonoaudiológica no ambiente hospitalar 
mostra que existe alta prevalência de disfagia em pacientes pós-acidente 
vascular cerebral. Objetivo: Verificar se o tempo de ocorrência e o tipo 
do acidente vascular cerebral, o hemicorpo acometido por hemiplegia, 
a gravidade do deficit neurológico, a presença e o grau de disfagia 
interferem na pressão de língua de pacientes internados pós-acidente 
vascular cerebral. Métodos: Estudo realizado com 31 pacientes. Foi 
aplicado protocolo da avaliação da disfagia, prova de mobilidade lingual 
e mediu-se a pressão de língua com o Iowa Oral Performance Instrument 
(IOPI). Foram realizadas três medidas da pressão anterior e três da 
pressão posterior. Os dados foram analisados por meio de estatística 
apropriada, com nível de significância de 5%. Resultados: Apenas a 
presença de disfagia se mostrou associada estatisticamente à pressão de 
língua, sendo que os pacientes pós-acidente vascular cerebral disfágicos 
apresentaram pressão anterior e posterior média e máxima da língua 
menor que aqueles sem a presença de disfagia. O tempo de ocorrência do 
acidente vascular cerebral, o tipo e o hemicorpo acometido e a gravidade 
do deficit neurológico não apresentaram associação com a pressão 
lingual. Dentre os 15 participantes que apresentaram a dificuldade de 
deglutição, 14 (93,3%) foram classificados com disfagia leve e um 
(6,7%) com disfagia moderada. Conclusão: Verificou-se que a disfagia, 
ainda que de grau leve, foi o fator preponderante para diminuição da 
pressão de língua em pacientes que sofreram acidente vascular cerebral.

Palavras-chave: Língua; Força muscular; Transtornos de deglutição; 
Acidente vascular cerebral
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INTRODUCTION

There are two types of stroke: ischemic ones, which are 
more frequent (70% to 80% of the cases), and hemorrhagic ones, 
which are usually more severe and have worse consequences(1). 
Clinical speech pathology practice in hospitals shows that there 
is a high prevalence of dysphagia in post-stroke patients(2), a 
fact supported by the literature(3).

Dysphagia indicates a decline in the swallowing function, 
and its estimated prevalence can vary from 42% to 76% in 
patients with acute stroke(4,5,6). The presence of dysphagia is 
associated with an increased risk of pulmonary complications 
from aspiration of saliva and/or food, malnutrition, dehydration, 
pneumonia, prolonged hospitalization, and death(7). 

The tongue is a muscle that plays an important and 
significant role in the oral and pharyngeal stages of swallowing, 
since it acts in the formation, positioning, and manipulation 
of the food bolus during the oral preparatory phase, with 
the posterior transfer of the bolus, from the mouth to the 
pharynx(3,8). Although impairment of this complex central 
system contributes to a decrease in the swallowing function, the 
restoration of this process after the stroke may also depend in 
part on the recovery of neuromuscular morphological factors, 
such as the strength of the intrinsic and extrinsic musculature 
of the tongue(9). Abnormal tongue function may also favor the 
presence of oral residue, prolonged oral transit time(3), difficulty 
in bolus formation, and premature loss of food(10).

There is evidence that the greatest degree of tongue strength 
impairment occurs in patients with oropharyngeal dysphagia, 
compared with those with adequate swallowing(6,8,11). However, 
there are few studies investigating patients after stroke, and there 
are no publications with data from the Brazilian population.

Thus, considering the high prevalence of dysphagia in post-
stroke patients and the role of the tongue in the biomechanics 
of swallowing, it is important to identify and characterize the 
impairment of tongue pressure in this population, contributing 
to evidence in the area, which is still scarce.

In view of the above, the study aimed at verifying whether 
the time of occurrence and type of stroke, hemibody affected 
by hemiplegia, severity of neurological deficit, and presence 
and degree of dysphagia would interfere with tongue pressure 
after stroke.

METHODS

The research was characterized as an observational, 
cross-sectional, analytical study. The project was approved 
by the Research Ethics Committee of the Universidade 
Federal de Minas Gerais, under the number: CAAE-185643 
13.0.0000.5149.

Thirty-one patients were evaluated, including 17 women 
and 14 men, with a mean age of 61.8 years. The inclusion 
criteria were: the patient should had suffered a stroke between 

24 and 72 hours before the date of the evaluation, had tongue 
mobility preserved, had no other neurological or structural 
impairment of the head and neck, be aged between 40 and 87 
years, had a Glasgow Scale above 12, and had given their own 
consent or from a family member to participate in the study, 
through the signing of the Free and Informed Consent Form. 
Participants who did not understand the order to perform the 
evaluations or who were unable to perform all the tongue 
pressure measurements were excluded.

The participants were selected using the stroke protocol 
adopted at Santa Casa Misericórdia de Passos (MG). The nurse 
at the emergency/urgency unit communicated to the Speech 
Therapy department about the hospitalization of the patients 
in the unit. In the hospital chart, there were data referring to 
the clinical and neurological conditions of patients with stroke 
in the acute phase and a request for speech therapy evaluation 
by the medical team, which was performed between 24 and 72 
hours after the event. 

In order to characterize the neurological deficit, the National 
Institutes of Health Stroke Scale (NIHSS) was used, which 
was in the participants’ charts, and which classified the deficit 
as mild (1 to 3), moderate (4 to 10), and severe (above 15)(12). 
Of the 31 participants, 23 (74.2%) presented a mild and eight 
(25.8%) presented a moderate neurological deficit.

The speech and hearing therapy and instrumental 
evaluations were carried out by the principal investigator, who 
is experienced in orofacial motricity and dysphagia and has 
previous training, in order to standardize the parameters used 
in the evaluations.

For the data collection, the investigation included the 
tongue mobility, the presence and degree of dysphagia, and 
three measurements of the maximal pressure at the anterior and 
posterior tongue. The following information was transcribed 
from the hospital chart: type of stroke, presence of hemiplegia, 
and side of the impairment.

The evaluation was performed with the post-stroke 
individual sitting on the bed with the headboard elevated. In 
the mobility test, they were asked to move their tongues up, 
down, and to the sides. This sought to guarantee the execution 
of the instrumental evaluation.

Swallowing was investigated using the Gugging Swallowing 
Screen (GUSS)(13), which is an instrument to screen for the risk 
of dysphagia, standardized and validated for patients with stroke 
and used at the bedside. The instrument comprises two steps: 
the first, called “indirect swallowing or swallowing of saliva 
test” and the second, “direct swallowing test.” In the indirect 
evaluation of swallowing, the criteria established for dysphagia 
were vigilance, cough and/or voluntary throat clearing, saliva 
swallowing, drooling, and voice changes. The direct evaluation 
of swallowing is divided into three substeps, according to 
the consistency of the food to be evaluated, i.e., pudding, 
liquid, and solid, in this order, with the volumes suggested 
in the original protocol. In the direct evaluation, the criteria 



Factors associated with tongue pressure

Audiol Commun Res. 2017;22:e1870 3  |  8

established for dysphagia were swallowing and oral transit 
time, involuntary coughing before, during, or three minutes 
after the pharyngeal phase of swallowing, drooling, and vocal 
changes. The dysphagia criteria were scored with a variation 
of 0 to 2 points for each item(13).

In accordance with the instrument, the evaluation steps 
were sequential and, at each stage, the score for the appropriate 
swallowing standard was 5. In order to proceed with the direct 
evaluation of swallowing of the consistencies, it is necessary 
that the patient first swallow the saliva successfully (obtaining 
5 points). For the progression of the consistencies, a score 
of 5 is required for each consistency and, if the individual 
does not obtain said score, the next consistency assessment 
is interrupted. The total value of the GUSS scale is 20 points, 
indicating that the patient presents an adequate swallowing 
pattern of saliva and pudding, liquid, and solid consistencies. 
Thus, swallowing is classified as normal/without dysphagia 
(20), mild dysphagia, with a low risk of aspiration (15 to 19), 
moderate dysphagia with a risk of aspiration (10 to 14), and 
severe dysphagia, with a high risk of aspiration (0 to 9)(13).

An external evaluator independently repeated the clinical 
evaluation in 15% of the sample (five participants), on the same 
day as the investigator, and obtained exactly the same results.

Individuals with no change in mobility were followed up 
for instrumental evaluation of lingual pressure, performed 
using IOPI, a portable instrument that measures the tongue 
pressure exerted on an air-filled bulb positioned on the tongue, 
on the palate. This bulb, 3.5 cm long, is connected to a pressure 
transducer by means of a plastic tube and, as the air-filled bulb 
is pressed against the palate, values ​​are measured in kPa and 
can be visualized on the device’s LCD screen. 

The bulb was placed in the mouth of each participant, in 
two regions, anterior and posterior. In order to investigate 
the pressure in the anterior tongue region, the IOPI bulb was 
positioned so that it would get stuck in the front teeth when 
pulled out of the mouth. Whereas, in the posterior region, the 
bulb was positioned 10 mm after the first measurement(14). This 
sought to guarantee the reproducibility of the positioning of 
the instrument throughout the measurements. According to the 
literature, there is no need to randomize the order of testing(15).

After ten seconds of adjustment, the participant was asked 
to press the bulb against the palate with his tongue using the 
greatest strength they could and to maintain it for approximately 
two seconds(16), without visualization of the values ​​obtained. 
The procedure was performed two times more, totaling three 
measurements, with one-minute intervals, in both the anterior 
and posterior regions.

Part of the instrumental evaluation was not repeated by a 
second evaluator since it presented good reproducibility(17).

For the analysis of the results, the highest value obtained 
between the three measurements (maximum pressure) was 
considered as the value of the individual’s tongue pressure, 
as well as the average of the three maximum pressures (mean 

pressure), which, according to the literature, better reflects the 
characteristic pressure of the subject(8). 

The information collected was typed into an Excel® 
database. For the statistical analysis, the STATA program, 
version 12.0, and a significance level of 5% were used.

The descriptive results were obtained using frequencies and 
percentages for the characteristics of the various categorical 
variables and measurements of central tendency (mean and 
median) and dispersion (standard deviation) for continuous 
variables. 

For the comparison of the measurements, the nonparametric 
Mann-Whitney and Kruskal-Wallis tests were used, when there 
were more than two comparison groups.

RESULTS 

With regard to the degree of dysphagia, among the 15 
participants who presented swallowing difficulty, 14 (93.3%) 
were classified with mild dysphagia and 1 (6.7%) with moderate 
dysphagia, hindering the inferential statistical analysis.

The sample was described according to the mean and 
maximum anterior and posterior tongue pressure measurements 
in post-stroke patients, in relation to the variables for the 
presence and degree of dysphagia, the type and time of 
occurrence of the stroke, the severity of the neurological deficit, 
and hemibody affected by hemiplegia. It was possible to verify 
that acute post-stroke patients with the presence of dysphagia 
presented lower mean and maximum anterior and posterior 
tongue pressure than individuals without dysphagia, with this 
difference being significant (Tables 1 and 2).

Regarding the type and time of the stroke, as well as the 
side affected by hemiplegia, and the severity of the neurological 
deficit, no significant data were verified. However, it was 
observed that patients with hemorrhagic stroke had greater 
mean and maximum anterior and posterior tongue pressure in 
relation to those with ischemic stroke. It was also found that 
patients with stroke after 72 hours presented greater mean and 
maximum anterior and posterior tongue pressure in relation 
to patients with stroke after 24 and 48 hours and that, when 
the right side was affected, the pressure values were greater, 
compared with those not affected and with the impairments 
on the left side. 

DISCUSSION

Patients with acute post-stroke dysphagia presented, on 
average, both mean and maximum pressure of the anterior 
and posterior tongue lower than those without dysphagia. 
Studies with post-stroke patients(6,18,19) also found that the 
mean and maximum tongue pressure was significantly lower 
in the dysphagia group. Thus, the decrease in tongue pressure 
observed in some cases of stroke was basically associated with 
the presence of dysphagia. Several studies in the literature 



Oliveira GD, Valentim AF, Vicente LCC, Motta AR

Audiol Commun Res. 2017;22:e18704  |  8

have related the decrease in tongue pressure to the symptom 
of dysphagia(10,20,21,22,23,24). 

The results of this study indicated that tongue pressure in 
the subjects affected with stroke could trigger dysphagia. The 
tongue presents an active and fundamental function in the 
swallowing phases, with the exception of the esophageal phase. 

The actions of the tongue include capture, preparation, oral and 
pharyngeal propulsion, and protection of the inferior airway 
until the cleaning of the residues. Not only is the structure 
mobility important, but its strength and coordination promote 
an efficient and safe mechanism. The reduction in tongue 
pressure may lead to the following situations in dysphagic 

Table 1. Measurements of mean and maximum anterior tongue pressure in post-stroke patients 

Tongue pressure (kPa) n          Mean Median SD Minimum Maximum p-value

Maximum anterior

      Without dysphagia 16 38.1 38.5 14.4 15.0 69.0 0.028*

      With dysphagia 15 27.5 26.0 10.5 12.0 48.0

Mean anterior

      Without dysphagia 16 37.1 37.5 14.2 14.0 67.0 0.030*

      With dysphagia 15 26.4 24.0 10.7 11.0 48.0

Maximum anterior

      Ischemic stroke 28 32.6 31.0 13.8 12.0 69.0 0.569*

      Hemorrhagic stroke 3 36.7 37.0 13.5 23.0 50.0

Mean anterior

      Ischemic stroke 28 31.5 29.0 13.7 11.0 67.0 0.570*

      Hemorrhagic stroke 3 35.7 37.0 13.1 22.0 48.0

Maximum anterior

      Stroke - 24H 18 31.3 31.0 11.6 12.0 50.0 0.689**

      Stroke - 48H 8 33.8 26.0 16.6 20.0 69.0

      Stroke - 72H 5 37.6 36.0 17.2 12.0 57.0

  Mean anterior

      Stroke - 24H 18 30.6 29.5 11.4 12.0 48.0 0.770**

      Stroke - 48H 8 32.3 24.5 16.5 18.0 67.0

      Stroke - 72H 5 36.2 35.0 17.4 11.0 57.0

Maximum anterior

      Without R hemiplegia 17 31.1 29.0 11.1 12.0 49.0 0.619*

      With R hemiplegia 14 35.2 33.5 16.3 12.0 69.0

Mean anterior

      Without R hemiplegia 17 29.9 27.0 11.0 12.0 47.0 0.512*

      With R hemiplegia 14 34.4 32.5 16.2 11.0 67.0

Maximum anterior

      Without L hemiplegia 16 35.9 34.0 15.4 12.0 69.0 0.342*

      With L hemiplegia 15 29.9 26.0 10.9 12.0 49.0

Mean anterior

      Without L hemiplegia 16 34.9 32.5 15.4 11.0 67.0 0.294*

      With L hemiplegia 15 28.7 25.0 10.9 12.0 47.0

Maximum anterior

      Mild NIHSS 23 33.9 34.0 15.3 12.0 69.0 0.769 *

      Moderate NIHSS 8 30.3 26.0 6.7 25.0 43.0

Mean anterior

      Mild NIHSS 23 32.8 33.0 15.1 11.0 67.0 0.821 *

      Moderate NIHSS 8 29.4 25.0 7.2 24.0 43.0

*Significant values (p≤0.05) – *Mann-Whitney test, **Kruskal-Wallis test
Subtitle: SD = standard deviation; R = right; L = left; NIHSS = National Institutes of Health Stroke Scale 
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patients: slowing down of the oral manipulation of the bolus, 
and consequently a time-consuming and sometimes inefficient 
preparation; increased oral transit time; delayed triggering of 
swallowing, or in lower regions of the pharynx; incomplete 
closure of the larynx; difficulty in cleaning oral and pharyngeal 
residues by vigorous swallowing.

For these reasons, pressure analysis of the tongue is useful 
for assessing the pathophysiology of swallowing in dysphagic 
patients with stroke(19). In addition, it is a resource that can be 
used at the bedside and can predict the occurrence of pneumonia 
if the pressure is below 21.6 kPa(6). Therefore, the analysis 
of the pressure of the tongue should be an aspect valuable 

Table 2. Measurements of mean and maximum posterior tongue pressure in post-stroke patients 

Tongue pressure (kPa) n Mean Median SD Minimum Maximum p-value

Maximum posterior

      Without dysphagia 16 35.1 36.5 14.7 12.0 69.0 0.020*

      With dysphagia 15 22.3 22.0 11.0 5.0 44.0

Mean posterior

      Without dysphagia 16 34.4 36.0 14.8 11.0 68.0 0.015*

      With dysphagia 15 21.3 20.0 10.9 4.0 43.0

Maximum posterior

       Ischemic stroke 28 28.2 26.0 14.7 5.0 69.0 0.284*

       Hemorrhagic stroke 3 35.0 39.0 11.5 22.0 44.0

Mean posterior

      Ischemic stroke 28 27.4 25.5 14.7 4.0 68.0 0.299*

      Hemorrhagic stroke 3 34.0 38.0 11.5 21.0 43.0

Maximum posterior

      Stroke - 24H 18 26.4 25.5 11.6 6.0 44.0 0.615**

      Stroke - 48H 8 31.8 26.0 17.5 15.0 69.0

      Stroke - 72H 5 33.0 43.0 19.4 5.0 52.0

Mean posterior

      Stroke - 24H 18 25.7 25.0 11.6 5.0 43.0 0.603**

      Stroke - 48H 8 30.6 25.5 17.5 15.0 68.0

      Stroke - 72H 5 32.4 43.0 19.8 4.0 52.0

Maximum posterior

      Without R hemiplegia 17 27.6 26.0 12.0 6.0 44.0 0.691*

      With R hemiplegia 14 30.4 26.5 17.3 5.0 69.0

Mean posterior

      Without R hemiplegia 17 26.8 25.0 12.1 5.0 43.0 0.706*

      With R hemiplegia 14 29.5 26.0 17.3 4.0 68.0

Maximum posterior

      Without L hemiplegia 16 30.6 26.5 16.6 5.0 69.0 0.514*

      With L hemiplegia 15 27.0 26.0 11.9 6.0 44.0

Mean posterior

      Without L hemiplegia 16 29.8 26.0 16.6 4.0 68.0 0.539*

      With L hemiplegia 15 26.2 25.0 12.0 5.0 43.0

Maximum posterior

      Mild NIHSS 23 29.3 27.0 16.0 5.0 69.0 0.856 *

      Moderate NIHSS 8 27.5 25.5 8.8 19.0 43.0

Mean posterior

      Mild NIHSS 23 28.6 26.0 16.1 4.0 68.0 0.786 *

      Moderate NIHSS 8 26.5 24.5 8.9 18.0 42.0

*Significant values (p≤0.05) – *Mann-Whitney test, **Kruskal-Wallis test
Subtitle: SD = standard deviation; R = right; L = left; NIHSS = National Institutes of Health Stroke Scale 
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and approached therapeutically during rehabilitation from 
dysphagia, in addition to other alterations found.

Regarding the type and time of stroke, no significant data 
were observed. Although hemorrhagic stroke was considered 
more severe(1), there was no difference in tongue pressure 
in relation to patients with ischemic stroke. Similarly, the 
first hours after the stroke are considered the most critical, 
but there was also no difference in tongue pressure between 
patients after 24, 48, or 72 hours of the stroke. Although these 
are not variables addressed in the literature, they should not 
be disregarded in future research and investigations, since the 
present study was the only one found with an evaluation of the 
patients in the first days after the stroke. Tongue pressure may 
increase significantly after two weeks from the event(6). Thus, 
it is important to monitor the tongue pressure gain over time, 
since patients who do not show an increase in tongue pressure, 
even with therapy, are at higher risk of developing pneumonia(6). 

In the present study, when analyzing mean and maximum 
anterior and posterior tongue pressure in post-stroke patients, 
it was possible to observe that there was also no difference 
between those who presented hemiplegia on the right or left 
side. There are no studies in the literature relating hemiplegia 
and tongue pressure, but some authors(11,19,25) researched the 
pressure by comparing data from each half portion of the 
tongue, and observed lower values ​​on the paralyzed side. This 
fact was not researched in the present study. When the right side 
was affected, the pressure values ​​were higher, compared with 
nonaffected ones and with those with the left side impaired. 
This result should be analyzed with caution and with studies 
including larger samples, but it can be inferred that the tongue 
pressure remains greater on the dominant side, even in the 
presence of hemiplegia. Therefore, studies are required to verify 
the association between tongue pressure, hemiplegia with motor 
cortex lesion, and motor dominance. Studies such as these may 
reveal new directions for the rehabilitation of dysphagia in cases 
of hemiplegia. In this study, the affected hemisphere was not 
investigated, since data on the topographic diagnosis of stroke 
in all patients were not available.

Regarding the severity of the neurological deficit, there was 
no association between the results obtained with the NIHSS 
scale and tongue pressure. However, it was found that patients 
with mild NIHSS presented increased tongue pressure than 
those with moderate NIHSS, as evidenced in another study, 
where the lower the NIHSS, the higher the tongue pressure(6). 
Thus, it is worth a more careful evaluation of the tongue 
pressure with worse neurological deficits in post-stroke patients. 

No research measuring tongue pressure in Brazilian post-
stroke patients was found. The results of anterior tongue 
pressure obtained in this study were similar to those found 
in studies using the IOPI in the Korean(26) and American(14) 

populations. Those with the posterior pressure were similar to 
a survey of Canadian subjects(27), however, lower than those 
previously mentioned, which shows that this data can vary 

according to the characteristics of each population.
The present study showed the important relationship 

between tongue pressure and dysphagia in post-stroke patients, 
indicating that in the hospital environment, the presence of 
dysphagia should be considered in these patients, and that 
rehabilitation of tongue pressure should be started while the 
patients are still in bed, if possible, so improvement is faster. 
Some authors have investigated the effectiveness of exercises 
on tongue pressure gain and found that in four to eight weeks 
of training, it was already possible to observe an increase in 
maximum pressure and also in swallowing pressure, both in 
healthy participants(28,29) and in post-stroke patients(14).

In 2013, the Toronto Rehabilitation Institute’s Swallowing 
Rehabilitation Research Laboratory presented a tongue 
pressure profile training protocol developed specifically for the 
treatment of dysphagia affecting post-stroke patients(30) and, in 
2016, this group published an article comparing the results of 
this training protocol, which involves muscular training and 
swallowing, along with another type of training, only muscular, 
without function training. After an average of 16 sessions, 
both post-stroke patients with dysphagia and those without 
dysphagia achieved significant strength gain, accompanied by 
an improvement in swallowing in some cases, but without a 
significant difference between the groups(27).

Some limitations could be verified in the development 
of this study, such as the size of some strata and, especially, 
the degree of dysphagia (absence of a patient with severe 
dysphagia). To date, most studies have been conducted 
with participants with Parkinson’s disease, oculopharyngeal 
muscular dystrophy, or head and neck cancer. In each of these 
populations, the samples were still too small to indicate the 
typical values of these conditions. Surprisingly, there have been 
few studies in which IOPI has been used in patients with stroke, 
or in patients with other neurological diseases. Thus, there is a 
broad scope to establish the values of tongue pressure in these 
populations and to correlate the pressure with the biomechanical 
events of swallowing, through instrumental evaluations, such 
as videofluoroscopy, in patients with dysphagia.

CONCLUSION 

Among the patients who suffered an acute stroke, dysphagic 
patients presented lower anterior and posterior tongue pressure 
than those without dysphagia. These results occurred for both 
mean and maximum tongue pressure. There was no relationship 
of tongue pressure with the type of stroke, time from stroke, 
severity of neurological deficit, and side of hemiplegia. 
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