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INTRODUCTION

Lingual function is imperative for important physiological events during oropharyn-

geal swallowing such as bolus formation and manipulation [1-7]. Contraction of the in-

trinsic and extrinsic muscles of the tongue [3], in addition to that of the suprahyoid 

muscles, contribute to functional lingual movements in speech and swallowing [8,9]. 

Impaired lingual function could result in dysphagia, manifestations of which may in-

clude difficulties in mastication, incomplete bolus formation, difficulties in bolus posi-

tioning, increased residue, impairments in oral and pharyngeal bolus transit, and pre-

mature spillage [4,6,10,11]. Objective values that reflect lingual strength, defined as the 

“capability of the muscle fibers to produce or resist force” [8, p. 658], include peak swal-

lowing pressure, peak lingual pressure during isometric lingual tasks, and percentage 

of maximum tongue pressure [1,6,12]. Isometric lingual tasks involve maintaining a 

static posture of the tongue against resistance, during which the lingual pressure gener-

ated can be measured, free of changes in muscle length [8,13]. 

Purpose: This study examined the effects of age and gender during three intra-oral lingual 
tasks (elevation, protrusion, and depression) on peak lingual pressure in healthy adults. 

Methods: Healthy adults were divided into groups based on age, young (18 to 35 years) and 
older (>60 years) adults, and gender. All the 49 participants completed maximum isometric 
pressure intraoral lingual tasks (elevation, protrusion, and depression) and peak anterior lin-
gual pressures were recorded using the three-bulb tongue array of the Digital Swallowing 
WorkstationTM. Peak lingual strength was recorded as the average of peak lingual pressures 
of the three trials for each lingual task. A three-way ANOVA, where the independent vari-
ables were age, gender, and lingual task, was conducted to determine the effects on the de-
pendent variable, peak lingual pressure. 

Results: Younger adults were found to exhibit significantly greater peak lingual pressure 
when compared to older healthy individuals, while no differences in peak lingual pressures 
were observed between men and women. Among the three intraoral lingual tasks, peak lin-
gual pressures were highest during lingual depression and least during lingual protrusion. 

Conclusions: The effects of age, gender, and lingual task on peak anterior lingual pressure, 
and the applicability of such lingual tasks in lingual strengthening exercises are discussed.  
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Examining and comparing lingual tasks that involve the an-

terior tongue, in an effort to document differential effect of in-

traoral lingual tasks on peak lingual strength, would be the 

basis for development of specialized lingual strengthening ex-

ercise programs in populations with dysphagia. Most often, 

lingual tasks involving the anterior tongue are adopted in lin-

gual strengthening exercises (LSE), as the anterior tongue is 

capable of generating greater pressures during swallowing 

and isometric tasks when compared to other regions of the 

tongue [14,15]. Specifically, LSE in healthy individuals and in 

patients with dysphagia have typically incorporated anterior 

lingual elevation tasks [8,12,16-21]. However, LSE involving 

other lingual tasks such as lingual protrusion and lateraliza-

tion have been explored, and such tasks were observed to re-

sult in greater strength gains in lingual pressure than those in-

volving lingual elevation [22]. In addition, estimating tongue 

strength with a combination of lingual tasks may be a better 

estimate of oral dysphagia than when individual tasks are 

used [1]. This study proposes to examine the effects of maxi-

mum isometric pressure (MIP) lingual tasks involving intra-

oral protrusion and depression, in addition to elevation, to as-

sess differential effects of lingual tasks on peak lingual pres-

sures, which would add to the body of literature in this area. 

The lingual tasks in this study reflect lingual movements that 

are or can be adopted clinically in LSE. 

Reduced tongue strength in older healthy individuals has 

been attributed to age-related changes such as reduced mus-

cle mass, which in turn may influence swallowing functions 

[5,23]. Robbins et al. [5] found that older healthy adults ( > 60 

years) exhibited reduced maximum isometric tongue pres-

sures than younger and middle-aged groups. Although re-

duced peak lingual strength during maximum isometric lin-

gual tasks have been recorded in older healthy subjects [4-6, 

14,24-27], similar peak swallowing pressures have been re-

corded in both groups [5-7,24]. However, the percentage of 

maximum pressure during swallowing was greater for the 

older group, indicative of a reduced “pressure reserve” [5, p. 

M261]. In addition to examining anterior lingual strength dur-

ing maximum isometric lingual elevation tasks, Clark and 

Solomon [27] examined the effects of age on lingual tasks 

such as lingual protrusion and lateralization, and older indi-

viduals exhibited significantly reduced pressures, when com-

pared to young and middle-aged healthy subjects, in these 

tasks as well. 

Mixed findings have been reported when examining the ef-

fect of gender on maximum lingual strength. Even though 

some studies have established that men were found to exhibit 

greater anterior maximum isometric lingual pressure than 

women [6,11,14,15,25,28], others have reported of no signifi-

cant differences in peak anterior lingual strength between 

men and women [7,24,27]. Thus, this study aims to determine 

the effects the effects of age and gender during three lingual 

tasks (intraoral elevation, protrusion, and depression) on 

peak lingual pressure in healthy adults. 

METHODS

Participants
All the 49 participants who completed the protocol were 

healthy adults with oral structure and function within normal 

limits, no history of dysphagia, no neurologic and head and 

neck impairments that affected swallowing, and had not 

smoked for at least five years. Individuals were excluded from 

participating if they reported oral sensory or olfaction deficits 

and gastrointestinal disorders or any treatments that im-

pacted their swallowing ability. The young age group con-

sisted of 13 men (M= 24.23 years) and 12 women (M= 21.83 

years), ranging from 18 to 35 years (M= 23.04 years, SD= 4.06). 

The older group consisted of 12 men (M= 68.25 years) and 12 

women (M= 69.46 years), ranging from 60 to 83 years (M=  

69.46 years, SD= 6.97). Flyers with general information about 

the study and the inclusion criteria were send by email and 

mail to university groups (departments, students, and faculty) 

and local community sites. Interested individuals contacted 

the researcher, who scheduled sessions in the research lab. 

Participants were compensated for their time and effort. 

Instrumentation 
 Lingual pressures were recorded using a three-bulb array from 

KayElemetrics®, connected to the Digital Swallowing Worksta-

tion (DSWTM). The array consisted of three air-filled bulbs con-

nected to a metal spine. Each of the three air-filled bulbs are 13 

mm in diameter and are placed on a silica strip 8 mm apart 

[12]. The silica strip is attached to a stainless-steel spine, which 

extends for 12 cm. Thin tubing emerges from each of the air-

filled bulbs and attaches to the connector, which is plugged 

into the box that constitutes the hardware module [29], which 

in turn was connected to the DSWTM. The bulbs were cali-

brated prior to recording lingual pressures, and a sampling rate 

of 1,000 Hz was used was used for the protocol. Graphical dis-

plays of lingual pressure were displayed on the DSWTM. 
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Procedure 
Participant screening was completed after receiving informed 

consent from the participants. Screening measures involved 

having the participants complete a questionnaire and a brief 

oral motor examination. The questionnaire consisted of open 

ended and polar questions, and was designed to collect de-

mographic information, and confirm general health status 

and swallowing function of participants. None of the partici-

pants reported any significant medical and neurological his-

tory, and dysphagia. Four participants reported using perma-

nent upper bridges; however, this did not interfere with the 

placement of the tongue bulb array and completion of the 

tasks. Oral motor tasks designed to assess labial, lingual, and 

palatal structure and function were completed. Minimal 

amounts of thin liquid (water) were given to the participants 

to assess swallowing function, and no overt signs of dysphagia 

were observed. 

The placement of the lingual bulb array varied depending 

on the lingual task. For the lingual elevation task, the bulb ar-

ray was placed on the midline of the hard palate in such a 

manner that the anterior bulb was located at the alveolar 

ridge [5,12]. The bulb array was placed in the oral cavity by the 

investigator and was maintained in position by using the 

spine of the array. A mark was placed on the spine of the array 

7 cm from the bulb end and this mark was consistently posi-

tioned anteriorly to the participant’s closed lips to ensure con-

sistency [15]. For two participants, only two bulbs were placed 

inside the oral cavity as placement of all three bulbs resulted 

in discomfort. Therefore, for these participants, the middle 

and posterior bulb was placed at the site of the anterior and 

middle bulb, respectively. For the lingual depression task, the 

furthest bulb from the spine of the array was placed at the 

junction between the lower incisors and gums. During this 

task, the participant was asked to exert pressure against the 

specified bulb that was supported by the mandible. Again, the 

researcher placed and maintained the position of the tongue 

array during the trials. For the lingual protrusion task, the bulb 

array was positioned against a tongue depressor kept between 

the participant’s upper and lower incisors [22,27]. All the par-

ticipants were able to tolerate the positioning of the bulb array 

for the lingual protrusion and depression tasks. 

To ensure minimal activity of the jaw closing muscles, a bite 

block (2 mm high) was kept in between the upper and lower 

molars if the masseter activation, which was observed with 

surface electromyography (sEMG), exceeded that of baseline 

activity [30]. The participants were instructed to relax their jaw 

muscles during the lingual tasks, and the average activation of 

the masseter was observed to be as less than 4.5 µV across all 

participants. For each lingual task, practice trials were com-

pleted, after which three trials each extending for 4 seconds 

were completed. Brief intervals of rest were provided between 

trials and verbal encouragement was given to the participants 

throughout the trials to exert maximum pressure [22,27]. 

For the MIP lingual elevation task, the participants were 

shown the anterior bulb against which maximum tongue 

pressure was to be exerted, which was the first bulb of the ar-

ray closest to front their teeth. The following instructions were 

given to each participant: “Place your tongue tip on the first 

tongue bulb. When I say go, push your tongue as hard as you 

can against the first bulb. Continue to do so until I say stop,” 

[27,31]. For lingual protrusion and depression tasks, the par-

ticipants were shown the specific bulb against which maxi-

mum lingual pressure was to be exerted on, and the instruc-

tions were similar to that provided during lingual elevation. 

Counterbalancing of tasks was done to minimize order effects. 

Data analysis
In accordance with the majority of research in this area [1,6,7, 

15,27,31,32], the peak lingual pressure from each trial was re-

corded (in mmHg) and displayed by the instrument. The peak 

lingual pressure from the 1st second to the 4th second of each 

trial (3 seconds) was recorded, and for all participants the 

peak pressure was observed to be within this time frame of 

the total four seconds. The values in mmHg were converted to 

kilopascal (kPa) by multiplying the recorded value in mmHg 

with 0.133. For each lingual task, the average of peak lingual 

pressures across the three trials was calculated [1], and this 

value represented the peak lingual pressure for the MIP lin-

gual task.

The principal researcher established intrajudge reliability 

by re-measuring the dependent measures from the raw data 

of 15% of the participants. A second trained rater established 

interjudge reliability by recording the measures from the raw 

data of 15% of the participants. For intra-judge reliability, in-

terclass correlation coefficient was computed for lingual pres-

sures and was established to be 0.99 (p< 0.01). For interjudge 

reliability, the interclass correlation coefficient for the two sets 

of measurements for lingual pressures was 0.99 (p< 0.01). Sta-

tistical analysis was completed using SPSS v18.0 (SPSS Inc., 

Chicago, IL). To determine the effects of age (young and old), 

gender (male and female), and lingual tasks (elevation, pro-

trusion, and depression) on lingual strength, a mixed design 
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three-way analysis of variance was adopted. Post hoc analysis 

was done by applying the Bonferroni correction to account for 

multiple comparisons.  

RESULTS

Effects of age and gender
For the MIP tasks, younger adults (M= 40.80 kPa, SE= 2.36) 

exhibited significantly higher mean peak lingual pressure 

than the older group (M= 33.66 kPa, SE= 2.41; F(1, 45) = 4.49, 

p= 0.04, partial Ƞ2 = 0.09). However, there was no significant 

difference in mean peak lingual pressure between men (M= 

36.54, SE= 2.36) and women (M= 37.92, SE= 2.41; F(1, 45) =  

0.17, p= 0.68, partial Ƞ2 = 0.004). The interaction between age 

and gender was also not significant (F(1, 45) = 2.44, p= 0.13, 

partial Ƞ2 = 0.05). Figures 1 and 2 illustrates the differences in 

mean peak lingual pressures between the two age groups and 

between men and women during the three MIP lingual tasks, 

respectively. 

Effects of lingual task
There was a significant difference in mean peak lingual pres-

sure during the three MIP lingual tasks, F(2, 90) = 33.19, 

p< 0.01, partial Ƞ2 = 0.42. Post-hoc analysis revealed that mean 

peak pressure during lingual elevation was significantly 

greater than that during lingual protrusion, t(48) = 4.83, 

p< 0.01. Mean peak lingual pressures during the lingual pro-

trusion task was significantly lower than that during the lin-

gual depression task, t(48) = -8.42, p< 0.01. However, there was 

no significant difference between peak lingual pressures dur-

ing the lingual elevation and lingual depression tasks, t(48) =  

-2.18, p= 0.03. Figure 3 displays the mean peak lingual pres-

sures for the three lingual tasks. 

There was a significant interaction between age and lingual 

task, F(2, 90)= 4.28, p= 0.02, partial Ƞ2 = 0.09. It was established 

that during lingual elevation, the young adults (M= 44.45 kPa, 

SE= 2.93) exhibited higher peak lingual pressures than the 

older adults (M= 33.26 kPa, SE= 2.57), t(47) =2.86, p<0.01. 

There were no significant differences in mean peak lingual 

Figure 1. Mean peak lingual pressures (in kPa) during the three maximum 
isometric pressure lingual tasks in young and older healthy adults.
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Figure 2. Mean peak lingual pressures (in kPa) during the three maximum 
isometric pressure lingual tasks in men and women.
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Figure 3. Mean peak lingual pressure (in kPa) during the three maximum 
isometric pressure lingual tasks.

Error bars: 95% CI
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pressures between the young and older adults for lingual pro-

trusion (My = 31.98 kPa, SE= 1.98; Mo = 29.40 kPa, SE= 2.66) 

and lingual depression (My = 46.20 kPa, SE= 2.61; Mo = 38.31 

kPa, SE= 3.25), t(47) = 0.78, p= 0.44, and t(47) = 1.90, p= 0.06, 

respectively. The interaction between gender and lingual task 

was not significant, F(2, 90) = 0.91, p= 0.41, partial Ƞ2 = 0.02. 

However, the triple interaction between age, gender, and lin-

gual task was significant, F(2, 90) = 3.88, p = 0.02, partial 

Ƞ2 = 0.08. 

DISCUSSION

This study examined the effects of age and gender during 

three intraoral lingual tasks (elevation, protrusion, and de-

pression) on peak lingual pressure in healthy adults. The re-

sults of this study confirmed the hypothesis that during MIP 

lingual tasks, young healthy adults exhibited significantly 

higher peak lingual pressures than older healthy adults. These 

differences in peak lingual pressures generated by the anterior 

tongue between the two groups may be attributed to the 

changes in lingual muscle function with age [4-6,21,26,27,33, 

34]. This study also examined the possibility of discussing 

peak lingual pressures that would be suggestive of reduced 

lingual strength in healthy nondysphagic individuals. Clark et 

al. [1] proposed that tongue strength of 20 kPa would be spe-

cific in identifying oral dysphagia, on the basis that the ante-

rior tongue in healthy adults can generate pressures of 20 kPa 

during dry saliva swallows, which was supported by Robbins 

et al. [5]. This was supported by the results of this study, as 

both young and older healthy participants could produce 

peak lingual pressures greater than 20 kPa during MIP lingual 

tasks. In their study, Clark et al. [1] also reported that individu-

als with oral dysphagia exhibited average peak lingual pres-

sures of approximately 20 kPa. Stierwalt and Youmans [11] 

observed peak lingual pressures of 55.01 and 33.55 kPa in 

older healthy individuals and in older individuals with oral 

dysphagia, respectively. Individuals defined as having “defi-

nite dysphagia” exhibited reduced peak lingual pressures of 

approximately 10.7 kPa during maximum voluntary contrac-

tion tasks [35, p. 62]. Stroke patients with dysphagia exhibited 

mean peak lingual pressures of 35.6 kPa during MIP trials [17]. 

Thus, considering the range of peak lingual pressures in 

healthy individuals and in patients with dysphagia from pre-

vious research and this study, perhaps peak lingual pressures 

between 20 to 25 kPa during MIP lingual tasks could serve as 

a “red flag.” Peak lingual pressures within this range could in-

dicate reduced lingual strength reserve in older individuals 

who may not yet overtly exhibit symptoms of oral dysphagia. 

It may also serve as an indicator of the need to implement LSE 

in these individuals, which are known to improve lingual 

strength and reverse the effects of aging on lingual muscle 

function [12]. 

In this study, the mean peak lingual pressure in the younger 

group was 40.80 kPa and that in the older group was 33.66 

kPa, which is lower than that reported in other studies [4,6, 

11,12,24]. The lower values of peak lingual pressures in both 

the groups may be attributed to monitoring and maintaining 

masseter activity during the MIP lingual tasks to below 4.5 µV 

and using a bite block of 2 mm height, which was used to 

minimize the influence of jaw muscles on lingual strength. 

Solomon and Munson [36] have observed that the lingual 

pressures were highest when no or a very small bite block (2 

mm height) was used during intraoral lingual elevation tasks. 

Perhaps, ensuring low levels of masseter activation by using 

sEMG, specifying instructions to the participant, and by using 

a small bite block may indeed influence the “recruitment pat-

terns” [9, p. 833] of the muscles in the oral cavity. While mea-

suring lingual pressures during such lingual tasks and swal-

lowing, interaction and overlap of lingual and jaw activity is to 

be expected [9], and thus, attempting to compartmentalize 

and independently measure functions of structures could im-

pede the measurement of true potentials. However, the differ-

ence between the mean peak lingual pressure and between 

the two age groups in this study is consistent with the 10 to 15 

kPa difference that has identified as being “clinically signifi-

cant” [27, p. 7]

There were no significant differences in peak lingual strength 

during the MIP lingual tasks between men and women. Al-

though, it was hypothesized that greater biological strength in 

men would result in greater peak lingual pressures [6,11,15, 

25], similar findings as obtained in this study have also been 

reported [7,24,27]. The differences in mean peak lingual pres-

sures between the two groups were minimal (1.38 kPa). This 

study also compared the effects of three intraoral MIP lingual 

tasks involving anterior tongue movement in three directions: 

elevation, protrusion, and depression. Previously, MIP tasks 

involving lingual elevation (lingual-palatal contact) [4,6,11,15, 

24,25], protrusion, and lateralization have been recorded 

[22,27]. This study is the first to examine lingual strength dur-

ing intraoral MIP lingual depression, which resulted in the 

highest peak pressures among the three lingual tasks. Intra-

oral lingual depression involves the downward-movement of 
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the apex of the tongue, which is secondary to the contraction 

of the inferior longitudinal muscle and the hyoglossus [37]. All 

the participants in this study were easily able to execute this 

lingual task. Instructions for this lingual movement were sim-

ple and straightforward, and the placement of tongue bulb ar-

ray was easily monitored by landmarks in the oral cavity. 

Adopting such a lingual task in a well-defined MIP lingual ex-

ercise protocol may result in greater gains in lingual strength 

than other lingual tasks that are routinely adopted. Another 

distinct advantage in adopting the lingual depression task is 

that the constant and fixed resistance offered by the mandible 

to generate lingual pressure, could ensure consistency in 

placement of the tongue and instrumentation during mea-

surement, and increase the ease of instruction for application 

for home-based LSE. 

As the results indicate, there was a differential effect of lin-

gual task on the mean peak pressures with lowest pressures 

obtained during lingual protrusion. One of the possible rea-

sons for the lower peak pressures during this lingual task 

might be due to the nature of the placement of the three-bulb 

tongue array during this task. During this task, the three-bulb 

tongue array was placed against a tongue depressor for sup-

port between the upper and lower incisors, and further stabi-

lization was provided with the investigator’s fingers [22]. 

Compared to the resistance offered during lingual elevation 

and depression, which was fixed and constant, that during 

lingual protrusion would have been more varied and less con-

sistent. It was also established that the only significant interac-

tion between age and lingual task in this study was for the lin-

gual elevation condition. For this task, peak lingual pressures 

in the young group were at least 10 kPa higher than that of the 

older group, which can be considered to be clinically signifi-

cant [27]. However, the differences between the two age 

groups were less than 10 kPa for lingual protrusion and de-

pression. 

As previously mentioned, the maximum isometric task in-

volving lingual elevation to the hard palate has been exten-

sively studied. However, limited studies have examined tasks 

that involve lingual movements in other directions in the oral 

cavity [27]. In addition, estimating tongue strength using a 

combination of lingual tasks, such as lingual elevation, pro-

trusion, and lateralization, may be a better estimate of oral 

lingual strength than when using lingual elevation in isolation 

[1]. This study only examined anterior MIP lingual tasks. MIP 

tasks involving the middle and posterior tongue and lateral 

lingual movements may highlight differential effects of lingual 

tasks on generation of peak lingual pressures. 

The lingual muscles have a major role in the oral and pha-

ryngeal stages of swallowing [2]. During the MIP tasks, the lin-

gual muscles are involved in isometric contraction and exer-

tion of maximal pressure against a constant resistance. Such 

tasks involving different intraoral lingual movements are 

those that can be routinely adopted clinically, especially when 

oral dysphagia is secondary to lingual muscle weakness. Clin-

ically, the advantages of the lingual depression task should be 

taken into consideration, such as ease of completion, simple 

instructions and feedback, consistent resistance, and higher 

peak lingual pressures than other tasks such as protrusion. 

Thus, it would be worthwhile to clinically implement such an 

exercise paradigm incorporating this novel lingual task and 

compare gains in lingual strength to that recorded with other 

lingual movements. Studying the MIP lingual tasks adopted in 

this study in a LSE program may also help in determining the 

ideal combination of lingual tasks that would offer the most 

benefit to individuals with dysphagia by improving their lin-

gual strength. Lingual strengthening exercises are gaining 

popularity in the treatment of patients with dysphagia, and 

target muscles that are readily accessible within the swallow-

ing mechanism [21]. 
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