SAMEBERE, J. Jpn. Soc. Stomatognath. Funct. 7 : 37-45, 2001

B OPEDENPHEE WHRAERIZH X 5 E

HE Bk, IELFEK
T8 RS SR e A PR 3 i
(14 : ERL124E 9 A12H)

Effects of food texture on coordination of jaw and tongue movements during mastication
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Abstract: To investigate the relationship among jaw movements, jaw, tongue, and hyoid muscle activities during
chewing and swallowing, and clarify how physical characteristics of foods affect the coordination of these muscle
activities, we recorded jaw movement trajectories and muscle activities in the freely behaving rabbit. The phase
duration, gape and excursion sizes of jaw movements as well as the duration and peak values of electromyographic
burst activities were obtained and compared among three foods (pellet, bread and banana).
1. Chewing cycles

During chewing, the opening phase duration was most closely related to the total phase duration, suggesting that
the opening phase controlled the masticatory cycle duration. The chewing cycles consisted of three phases (fast clos-
ing, slow closing, and opening phases) in pellet and bread chewing, however, only two phases (closing and opening
phases) were observed in banana chewing. The muscles recorded can be divided into two groups; one muscle group
consists of a jaw-closing muscle [masseter muscle (Mass)] and a tongue retracting muscle [styloglossus muscle
(SG)], and the other group consisted of a jaw-opening muscle [digastric muscle (Dig)], a suprahyoid muscle [mylo-
hyoid muscle (MH)] and a tongue protrusive muscle [genioglossus muscle (GG)]. The former group appeared to be
mainly activated in the jaw-closing phase and the latter in jaw-opening phase, and these patterns were similar among
foods. The results suggest that the MH and SG muscles play a critical role in compressing the bolus between the
tongue and palate, particularly in banana chewing.
2. Swallowing cycles

The swallowing cycle was found to have longer cycle duration than that of the chewing cycle as if an extra phase
(a pause) occurred in the opening phase. The swallowing cycle consisted of five phases (fast closing, slow closing,
opening 1, opening 2, and opening 3 phases) in pellet and bread swallowing, however, only three phases (closing,
slow opening and fast opening phases) in banana swallowing. Swallow-related activities that began in the middle of
the jaw-closing phase were observed in the GG, MH and SG muscles. The MH and SG muscles were thought to par-
ticipate in a leading complex activity of tongue movements during swallowing. The MH activity in pellet swallow-

ing had a second peak during the jaw-opening phase, and this suggested that the MH muscle plays a critical role of
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pulling the laryngeal cartilage and creating a space at the esophagus for food passage. During swallowing the Dig
muscle was active as with the Mass muscle in the jaw-closing phase, this may be due to co-activation of the antago-
nist (the Mass and Dig) muscles which might stabilize the jaw near the rest position.

We concluded that the mechanism underlying the coordination of the jaw and tongue muscle movements might be
maintained not only during chewing but also during swallowing and may be modulated depending on the physical
characteristics of foods. Particularly in chewing soft foods like banana, the tongue could play a critical role in com-
pressing and transporting the bolus against the palate during the bucco pharyngeal stage of swallowing and this could

lead to modulation of jaw movements as well as muscle activities.
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Fig. 1  Jaw movements and jaw, suprahyoid and tongue muscle activities during pellet chewing including swallowing.
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Table 1 Phase duration during chewing and swallowing

2 BRRE FAC4E FC4R SCH EmE O1#f 0218 O34#8
ER
~NLwy b 2438+2.1 1276+1.9 63.7£1.0 63.9+2.0 116.2+2.2
N> 258.1+2.0* 127.2+1.6 68.7+1.9* 585+1.0 131.8+1.9*
NFF+ 2714 £3.9%, ** 119.2+2.9 152.1 £2.5%, **
T
~NLby b 266.0£5.6 T 131.1+24 59.8+1.9 713+3.3 1349651 35.8+1.2 19.8+1.1 79.8+6.8
N 288.2+18.3 T 124.6+5.4 71.0£4.9 53.6+2.9* 163.6+897 42.6+2.7 27.2+8.9 93.8+114
NFF 335.0£3.6%, **, T 120.7+6.2* 214.3£34*, ** T 89.3+2.9 125.1+2.1
*P<0.01 as compared to pellet, **P<0.01 as compared to bread, 1 P<0.01 as compared to chewing. (ms)
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Table 2 Correlation coefficient and regression slope to the total cycle duration during chewing and swallowing

H W ® T
FAO48 FCH#8 SCH BIOME BAC48 FCHE SCHE BAOME O148 0248 O34

Ny b

n 40 40 40 40 20 20 20 20 20 20 20
1ERR R 0.49" 0.56™* 0.19 0.65™* 0.17 0.46 0.17 0.76™ 0.21 0.71** 0.56
BEREROEE 0.61 0.53 —0.19 0.7 0.23 0.83 —0.21 0.73 —0.68 0.95 0.69
N>

n 40 40 40 40 18 18 18 18 18 18 18
1ERIR A 0.86™* 0.21 0.73*  0.73" 0.21 0.36 0.03 0.97** 0.37 0.72* 0.7
BREROEE 1.24 0.62 1.03 1.3 -082 -—17 0.14 0.89 0.97 0.92 1
NFF

n 40 40 20 20 20 20
LiElESTER 0.56** 0.82** 0.62* 0.67* 0.19 0.39
EIFEROIE E 0.96 0.98 0.83 0.83 0.18 0.44

n=the number of samples. *P<0.01, **P<0.001.
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Table 3 Comparison of the gape and excursion
sizes during chewing and swallowing
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*P<0.01 as compared to pellet,
**P<0.01 as compared to bread,
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