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SUMMARY  

Background: Masticatory movement occurs complicatedly and bilaterally. Although tongue 

plays an important role in mastication, bilateral tongue function during mastication has not been 

clarified yet. 



Objective: To investigate the effect of food properties on posterior tongue activity and 

coordination of muscles bilaterally by electromyography (EMG). 

Methods: Twenty healthy adults (10 males and 10 females; mean age 28 years; range: 22–33 

years) participated in this study. Three test foods, gummy jelly (hard food), sponge cake (soft 

food requiring crushing), and mashed potatoes (soft food not requiring crushing), were used. 

Bilateral masseter N-EMG (surface electromyography for measuring the muscle activity of 

posterior tongue) and submental EMG were carried out while the participants chewed three test 

foods. The participants were instructed to masticate three test foods only on the right side and 

only on the left side unilaterally. 

Results: In the case of gummy jelly, N-EMG activity on the mastication side was significantly 

larger than that on the non-mastication side (p < 0.01). Regarding temporal relationship 

between the masseter and N-EMG activity, in the case of gummy jelly, the percentage of cases 

where the N-EMG peak was observed during masseter muscle EMG bursts was significantly 

higher than those for sponge cake and mashed potatoes (p < 0.01).  

Conclusion: N-EMG activity on the mastication side was significantly larger than that on the 

non-mastication side in the mastication of hard foods. Tongue showed activity pattern changes 

and coordinated with the masseter muscle depending on the food texture. 

 



Introduction 

Complex and integrated activation of muscles in the jaw, face, tongue, pharynx, and larynx are 

required for food intake, bolus formation, and transport from the oral cavity to the pharynx.1 

Various studies have been conducted to evaluate the functions of these organs using color-

changeable chewing gum,2 pressure sensor sheet,3,4 gummy jelly,5 questionnaire6 and 

properties of masticated food.7 Among these organs, tongue has a complicated muscular 

structure and its movement is important for normal chewing and swallowing.8 Tongue makes 

complicated movements during chewing and is responsible for food handling, these movements 

include twisting during the "preparatory" and "guarding" stages9 and squeezing back for stage II 

transport.9,10 The results of studies on tongue function and mastication mainly in the elderly 

have suggested that maximum tongue pressure and tongue dexterity are related to masticatory 

and mixing abilities;11,12 therefore, it is important to evaluate tongue function when assessing 

masticatory performance. Tongue function can be measured by videofluorography,1,13 three-

dimensional (3D)-electromagnetic articulography,14 pressure-measuring devices,3,15 and 

ultrasonic echo.16, Videofluorography, which allows the direct observation of tongue movements, 

records tongue movements during mastication; however, many studies using this technique 

have focused on stage II transport and swallowing and there remain uncertainties regarding 

food handling1,13A study using a sheet-shaped tongue pressure-measuring device reported 



increased tongue pressure in the anterior-median and post-circumferential part of tongue in the 

late masticatory period during stage II transport.3 However, there remain many unclear points 

regarding tongue function during mastication. For example, few studies have evaluated 

changes in the electromyographic activity of tongue due to food properties and few studies have 

assessed muscle coordination during mastication. 

To evaluate the motor function of the posterior tongue, a method using surface 

electromyography (EMG) has been reported.18 This method allows noninvasive and easy 

evaluation of the function of the posterior part of tongue; it is suitable for evaluating the function 

of the posterior tongue during mastication as the device need not be placed in the oral cavity. 

Our previous study using the EMG method found that food texture affected posterior tongue 

activity during mastication.19 However, the study used EMG to target only one side of the 

muscle. As mastication is a complex bilateral movement involving tongue, teeth, and muscles, 

the movements on both the left and right sides need to be evaluated individually; thus, it is 

necessary to evaluate the characteristics and coordination of muscle activity using bilateral 

EMGs. This study aimed to evaluate the laterality of the posterior tongue movement during 

mastication and investigate the effect of food properties on posterior tongue activity and 

coordination of muscles by independently evaluating left and right posterior tongue elevation 

movements by EMG. The null hypothesis was that the lifting movement of the posterior tongue 



is not affected by the texture of food and there is no difference between the left and right sides. 

Material and Methods 

This study was approved by the Ethics Committee of Okayama University (Approval No. 1709-

008). 

Participants 

Twenty healthy adults (10 males and 10 females, mean age 28 years; range: 22–33 years) 

without any dysfunction in the stomatognathic system participated in this study. The exclusion 

criteria were pulmonary disease, neurological disease, speech disorder, and masticating or 

swallowing problems, which was confirmed by interview. Regarding the presence or absence of 

temporomandibular disorders, we questioned participants for jaw and temple pain and 

headache during mastication, the presence of jaw joint noise and closed or open locking of the 

jaw. Written informed consent was obtained from all volunteers who participated in this study.  

EMG 

Electrodes were placed on the submental area, the bilateral masseter muscles, and the 

posterior tongue bilaterally (equivalent to the neck surface) (N-EMG) (Fig. 1A).16 EMG 

recording was performed using a differential electrode with three disposable Ag/AgCl 

surface electrodes (SMP-300, Mets) with a center distance of 8 mm. To measure the N-

EMG, electrodes were placed behind the posterior edge of the mylohyoid muscle and 



perpendicular to the lower jaw. The uppermost electrode was placed approximately 2 cm inward 

of the mandibular plane, while the lowermost electrode was located above and forward of the 

anterior edge of the sternocleidomastoid muscle (Fig. 1B). The cables and electrodes were fixed 

to the skin by biocompatible adhesive tape (Cathereep FS 1010; Nichiban Co. Ltd., Tokyo, 

Japan). The EMG recording hardware consisted of an analog signal processor that included 

high-pass (10 Hz) and low-pass (1000 Hz) filters, a differential amplification integrated hybrid 

circuit (NB‐6201HS; NabTesco Co., Kobe, Japan), and a two-channel digital recorder (IC RR-

XS455; Panasonic, Japan). The electromyograms were recorded at a sampling rate of 100 Hz 

and full-wave rectification was performed. All digital recorders were set so that the signal from 

the trigger switch was input, and each electromyogram was synchronized. 

Test Foods 

Three test foods, gummy jelly (Minibeutel Haribo Goldenbaren, Haribo Germany) as a hard 

food requiring crushing, sponge cake (Premium roll cake, Oisys Co., Ltd.) as a soft food 

requiring crushing, and mashed potatoes as a food not requiring crushing (creamy mashed 

potatoes, Honest Earth), were used, at a mass of 2 g each.  

Experimental procedure 

In this study, we instructed the participants to masticate the test foods unilaterally. The 

participants placed the test foods in the oral cavity, held a mandibular rest position, and then 



started only right-side or only left-side mastication. We instructed the participants to swallow 

freely when they felt mastication was complete and to press the trigger switch. The generated 

trigger signal was immediately recorded. At the end of each trial, the participants were 

instructed to drink water and wash away any test food remaining in the oral cavity. 

Data analyses 

An example of EMG waveforms of the submental area, bilateral masseter muscles, and 

bilateral N-EMG during chewing and swallowing is shown in Fig. 2A. After the start of 

mastication, the timing at which the first masseter muscle EMG activity was observed was 

defined as the start of mastication. The end of the masseter muscle EMG activity immediately 

before the trigger switch was pressed by the participant during swallowing was defined as the 

end of mastication. The time from the start of mastication to the end of mastication was defined 

as “chewing time.” The chewing cycle was defined as follows: the onset of masseter muscle 

activity in the masticatory movement was set as the start point and the point immediately before 

the next onset of masseter muscle activity was set as the endpoint. The onset of masseter 

muscle activity was defined as the point at which the masseter EMG signal exceeded the 

baseline value two-fold. For N-EMG, the maximum muscle activity and the timing of the 

maximum muscle activity in each mastication cycle were measured. N-EMG muscle activity 

was normalized by one maximum amplitude value selected from all the recordings on one 



side of a subject, which include all chewing cycles during left-side unilateral mastication 

and right-side unilateral mastication. All the EMG bursts on the side were normalized as a 

percentage value using this one maximum amplitude value. Analysis was performed on the 

entire section from the start to the end of mastication, with the initial 25% of the number of 

chewing cycles considered the early stage, the subsequent 50% as the mid stage, and the final 

25% as the late stage based on the hypothesis that a characteristic tendency was observed 

immediately after the start of mastication and immediately before the end of mastication. In 

each stage, the N-EMG amplitude values  during left-side and right-side unilateral mastication 

were compared for the same test muscle. Regarding the temporal position of the maximum 

amplitude of N-EMG, as shown in Fig. 2B, we examined whether the maximum amplitude of N-

EMG occurred during masseter muscle activity. We compared the percentages of cases in 

which peak N-EMG was observed during masseter muscle EMG bursts for left and right 

unilateral mastication of each test food from the beginning to the end of mastication. 

Statistical analyses 

The medians of the peak values of N-EMG muscle activity under each experimental condition 

were calculated and evaluated using the Wilcoxon signed-rank tests (BellCurve for Excel, Social 

Survey Research Information Co., Ltd.). The percentages of cases in which N-EMG peaks were 

observed during masseter muscle EMG bursts from the beginning to the end of mastication 



were also calculated and compared for the three test foods using Kruskal–Wallis tests. A 

significance level of p < 0.05 was used in this study. 

Results 

Comparisons of N-EMG in the entire section from the start to the end of mastication 

The mean numbers of masticatory cycles from the start of mastication to the swallowing of 

gummy jelly, sponge cake, and mashed potato during left-side and right-side unilateral 

mastication were 34.7 ± 9.3 and 35.1 ± 8.9, 18.8 ± 7.2 and 20.6 ± 8.1, and 14.2 ± 7.2 and 14.2 ± 

6.7, respectively; the coefficients of variation for the numbers of chewing cycles were 0.27 and 

0.25, 0.38 and 0.39, and 0.51 and 0.47, respectively. 

Fig. 3 shows the comparisons of the median maximum amplitudes of left- and right-side N-EMG 

for all chewing strokes for the three types of foods. For gummy jelly, the median maximum N-

EMG activity was significantly higher on the mastication side than on the non-mastication side; 

that is, the left N-EMG showed greater muscle activity during left-side mastication than that during 

right-side mastication, while the right N-EMG showed greater muscle activity during right-side 

mastication than that during left-side mastication (p < 0.01). In contrast, in sponge cake and 

mashed potatoes, the N-EMG on the left side was significantly larger than that on the right side 

during left-side chewing, but there was no significant difference in right-side chewing.  

Comparisons of N-EMG in early, mid, and late-stage mastication 



Fig. 4 shows the results of the comparisons of median maximum activities of left and right N-

EMG on the mastication and non-mastication sides in the early, mid, late stages for the three test 

foods. For gummy jelly, the median maximum N-EMG activity was significantly higher on the 

mastication side than that on the non-mastication side in all stages. For sponge cake, the left-

side N-EMG was significantly higher than the right-side N-EMG when chewing on the left side, 

but there was no significant difference between the left- and right-side N-EMGs when chewing on 

the right side. For mashed potatoes, the left-side N-EMG was higher than the right-side N-EMG 

in the mid stage, but there was no significant difference between the left- and right-side N-EMG 

in other stages. 

 

Timing of N-EMG and masseter muscle activity 

Fig. 5 shows the results of the comparisons of the percentages of cases in which the N-EMG 

peak was observed during masseter muscle EMG bursts. In both unilateral mastications, 

gummy jelly showed a significantly higher proportion than those of the other two test foods in 

left and right N-EMG. Between sponge cake and mashed potatoes, sponge cake showed a 

significantly higher proportion than that for mashed potatoes, with no significant difference in 

left-side N-EMG of left-side mastication. 

 



Discussion 

Comparison of N-EMG in the entire section from the start to the end of mastication 

When gummy jelly was masticated unilaterally, N-EMG activity on the mastication side was 

significantly larger than that on the non-mastication side. This result suggests that posterior 

tongue activity on the masticatory side is higher than that on the non-masticatory side during 

mastication. In contrast, with sponge cake and mashed potatoes, while some results showed 

significantly higher N-EMG activity on the mastication side than the opposite side, no constant 

correlation was found between the mastication side and the non-mastication side of N-EMG. 

Analysis of the temporal relationship between the maximum muscle activity of N-EMG and the 

masseter muscle activity of gummy jelly chewing showed maximum N-EMG muscle activity 

when the masseter muscle was active; that is, during jaw closing. Tongue reportedly performs a 

squeeze-back movement during stage II transport and a twisting movement during the 

"preparatory" and "guarding" stages during mastication, with tongue movement in the jaw-

closing phase holding the food bolus on the occlusal surface; i.e., the “guarding” stage 9, 10. 

Since the masseter muscle is active during the jaw-closing phase, the N-EMG activity observed 

during masseter muscle activity in this study mainly recorded tongue activity during the 

“guarding” stage. No report visualizing tongue movement has concluded that tongue movement 

during the jaw-closing phase is only the “guarding” stage; thus, squeeze-back movements and 



stage ll transport cannot be ruled out. However, a study investigating tongue movements during 

mastication using X-ray opaque markers and videofluorography reported no significant 

correlation between food properties and the number of squeeze-back movements and stage ll 

transport.20 Therefore, the significant differences between gummy jelly, sponge cake, and 

mashed potatoes in this study may indicate differences in tongue function in the “guarding” 

stage. Based on the results of previous reports and the present study, when chewing hard foods 

that require crushing, such as gummy jelly, the posterior tongue seems to play a role in holding 

the bolus on the occlusal surface of the mastication side. In contrast, compared to gummy jelly, 

when chewing soft foods such as sponge cake and mashed potatoes, N-EMG may be affected 

by tongue movements other than holding the bolus on the occlusal surface of the mastication 

side; i.e., bolus formation or bolus transport. 

 

Comparisons of N-EMG in the early, mid, and late stages of mastication 

In the case of gummy jelly, N-EMG activity was significantly higher in the early, mid, and late 

stages of mastication when unilateral mastication was performed on the same side. In the case 

of sponge cake and mashed potatoes, significant differences in N-EMG activity were observed 

between the masticating side and the non-masticating side in a few analytical conditions. 

Considering these results and our inference of N-EMG in the jaw-closing phase, in the case of 



hard foods requiring crushing, such as gummy jelly, the bolus is held on the occlusal surface 

from the initial stage of mastication to just before swallowing. In contrast, compared to gummy 

jelly, in soft foods such as sponge cake and mashed potatoes, holding the food bolus on the 

occlusal surface of the masticatory side is unlikely to occur or requires little power from the start 

of mastication until immediately before swallowing. In addition, in the mastication of sponge 

cake and mashed potatoes, the coefficient of variation in the number of mastications was larger 

than that in gummy jelly and the individual differences were large. The number of chewing 

cycles is reportedly affected by many factors including food hardness, adhesiveness, properties, 

bite amount, and individual saliva flow rates.20-22 For sponge cakes and mashed potatoes, 

further studies are necessary that control for these factors. 

The muscle activity recorded by N-EMG during mastication was generated by muscle groups 

associated with posterior tongue movement; namely, the styloglossus, stylohyoideus, and 

hyoglossus, based on the electrode attachment and anatomical muscle positions. Of these, the 

styloglossus and stylohyoideus are related to raising tongue base and the hyoid bone. The 

hyoglossus works as one of the antagonists of these muscles.23 Antagonist muscles not only 

engage in antagonistic movement but also increase the stability of the moving parts.24 

Considering the results of previous reports and the present study, these muscle groups were 

responsible for holding food bolus during mastication by coordinated movements of antagonistic 



muscles. In this tongue movement, it is presumed that the posterior tongue is lifted with lower N-

EMG activity on the non-masticating side than that on the masticating side. Therefore, this 

movement constitutes a tongue-twisting state in which the posterior tongue on the non-chewing 

side is lifted high, which is required for the guarding stage. In contrast, N-EMG activity observed 

during periods other than the burst time of the masseter muscle during gummy jelly mastication 

was likely related to bolus formation and stage ll transport. In previous studies, when stage ll 

transport was observed during mastication, the total tongue pressure was increased in the 

anterior and posterior parts of tongue during the late stage of mastication.3 Furthermore, the 

particles of food transported to the oropharynx by stage ll transport were homogeneous, small, 

and selectively transported.25 Considering these results, the homogeneous and small food 

particles generated during mastication are selectively transported to the oropharynx by 

squeeze-back movements and the remaining large particles are retained on the occlusal 

surface of the molars by the posterior tongue until immediately before swallowing. Posterior 

tongue muscle activity occurring after masseter muscle activity is related to this tongue 

movement. 

This study has some limitations. First, only healthy volunteers participated in this study. 

Although this condition was sufficient to achieve the purpose of this study, future research 

should include elderly people to detect tongue dysfunction by EMG. Second, the tastes and 



volumes of the test foods differed in this study. Three types of test foods were used and all were 

standardized at 2 g. Gummy jelly has a homogenous and reproducible structure, constant 

shape and size, and ability to show perfect texture values.26 And it has been widely used in past 

studies related to mastication and we chose a commercially available product that is easy to 

obtain.27,28 However, even with the same weight, gummy jelly, sponge cake, and mashed 

potatoes have different volumes, properties, and tastes. Differences in the mechanical 

properties and amounts of foods may affect tongue movement during mastication, which 

warrants further investigation. Third, unilateral chewing was performed as the test exercise. 

Unlike free mastication, the recorded data may not reflect the natural state. The lack of 

randomization of left and right-side mastication may also have affected the results of the study. 

To clarify the characteristics of posterior tongue muscle activity on the masticating and non-

masticating sides, this study employed repeated unilateral mastication. Future randomization of 

one-side mastication may help to examine the characteristics of posterior tongue activity during 

free mastication. Furthermore, in this study, we instructed participants to masticate unilaterally 

verbally, but the chewing side was not visualized. We focused on the function of the "guarding 

stage" during mastication, but the results obtained did not completely exclude the squeeze-back 

movements and stage ll transport from the tongue movement during mastication. This is 

considered to be insufficient in pursuing the credibility of the research, and improvements such 



as the use of X-rays are required. In addition, as a problem in data analysis in this study, we 

used the largest amount of muscle activity obtained through all mastication tasks for each 

participants to normalize N-EMG activity. When using the maximum amplitude of N-EMG during 

mastication, the maximum amplitude varies significantly as the degree of effort, which we did 

not regulated, so we have to interpretate the present results carefully. 

Despite these limitations, N-EMG activity on the mastication side was significantly larger than 

that on the non-mastication side from the beginning of mastication to immediately before 

swallowing in the mastication of hard foods requiring crushing; furthermore, tongue activity 

patterns changed depending on the food texture and coordinated with the masseter muscle. 
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Figure Legends 

 

 

 

 

 

 

 

 

 

Fig. 1A 

Schematic diagram of the location of the surface electrodes for EMG. 

A: submental area; B: left masseter muscle; C: left N-EMG;  

D: right masseter muscle; E: right N-EMG  

Fig. 1B 

Electrode positions for measuring N-EMG. 

x: mandibular plane; y: anterior edge of the sternocleidomastoid muscle; z: posterior edge of 

the mylohyoid muscle 



 

 

 

 

 

 

 

 

 

Fig. 2A  

An example of EMG waveforms during chewing and swallowing. 

A: submental area; B: left masseter muscle; C: left N-EMG; 

D: right masseter muscle; E: right N-EMG  

 

Fig. 2B  

Examination of the timing of maximum N-EMG amplitude; either when masseter muscle EMG 

bursts were observed in each mastication cycle or between the end of masseter muscle EMG 

bursts and the start of the next bursts. The arrows indicate the maximum N-EMG values. 



 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3  

Comparisons of the maximum amplitudes of the left and right side N-EMG for all chewing 

strokes for the three types of foods. The data are shown as medians (quartile deviation). 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4  

Comparisons of the maximum N-EMG amplitudes within the same-side electrode on the 

mastication and non-mastication sides for all chewing strokes for the three types of foods in 

the early, mid, and late stages. The data are shown as medians (quartile deviation). 



 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5  

The results of comparisons of the percentages of cases in which the N-EMG peak was 

observed when masseter muscle EMG bursts were observed from the beginning to the end of 

mastication. 


