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Mastication Velocity of the First Molar in Relation to the
Mechanical Properties of Food

Tokiko TaxesHITA and Fumiko Nakazawa™

School of Food and Nutritional Science, University of Shizuoka, Shizuoka 422-8526
*Faculty of Home Economics, Kyoritsu Women’s University, Chiyoda-ku, Tokyo 101-8437

The velocity of the first molar was measured while eating various foods in a natural way and inves-
tigated in relation to the mechanical properties of the foods eaten. A masseter myograph simultane-
ously made a measurement for identification of the first bite. A small disk type magnet was placed on
the cheek side of the gum of the first molar. The magnetic field vector was measured by a three dimen-
sional Hall probe and converted to the movement of the first molar on mastication. The maximum mas-
tication velocity of the molar at the first bite was found to be 37-74 mm/s depending on the food. The
velocity decreases as the Young’s modulus of the tested food increases. Changes in the velocity of the
molar from the beginning of mastication to swallowing were assessed for 22 kinds of food. Then the
foods were divided into three groups. (A) Mastication velocity changes little while chewing, then de-
creases for bolus preparation. (B) Chewing velocity increases gradually at the initial stage of chewing.
(C) Initial fast mastication velocity decreases steadily but evenly.
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Fig. 1. Position of the magnet and right handed rec-

tangular coordinate used in this report

A small disk type magnet was placed on the cheek side of
the habitually used first molar. The three arrows show
plus the direction of each component. Axes X and Y were
perpendicular and parallel, respectively, to the row of
lower teeth. The X axis coincided with the axis of the disk
magnet. The Z axis was perpendicular to the row of the
lower teeth and directed upward.
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Fig. 2. System for simultaneous measurement of mastication velocity and the masseter myograph
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Table 1. Food Samples
(10X15X10 mm)
mochi (glutinous rice cake baked)
potato (boiled)
sweet potato (boiled)
yokan (gelatin gel of azuki beans)
octopus (boiled)
squid (boiled)
kamaboko (boiled fish paste)
pork (boiled)
ham
meat ball (cooked)
cucumber
daikon (Japanese radish)
takuan (pickled dry Japanese radish)
carrot (boiled)
cheese (processed)
apple
(mm)
senbei (25¢ X height 6) (roasted rice cracker)
gum drop (20¢ X height 10)
cracker (25¢ X height 6)
peanuts (10X 9X19)
cookie (30¢ X height 5)
soybean (boiled) (7 X 9X 14)
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Fig. 3. Movement of the first molar of the usually
used side while eating yokan
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Fig. 4. Mastication displacement and the velocity of the first molar in the Z di-
rection and the masseter myograph (EMG) simultaneously measured

while eating yokan

Mastication velocity in the Z direction was obtained to differentiate the displacement in
the Z direction by time. The simultaneous measurement of EMG was carried out to spec-
ify the first bite on mastication. a: first mastication, b: chewing movement, ¢: swallow-
preparing movement, d: EMG of the first bite, e: the maximum mastication velocity of

the first molar in Z direction at the first bite.
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(mm/s)
subject A subject B T-Test
potato 74 70 = 8 77 £ 11
sweet potato 73 74 £ 12 72 £ 11
meat ball 66 71 £ 9 61 £ 6 *
kamaboko 65 64 = 11 67 £ 8
ham 63 64 = 6 62 = 6
gum drop 62 49 + 5 74 + 11 *k
apple 60 62 = 7 58 + 12
pork 59 64 + 11 54 £ 7 *
cheese 59 66 *+ 4 52 + 10 ok
octopus 59 60 = 7 57 £ 5
mochi 58 62 £ 5 54 £ 9 *
yokan 56 61 = 6 52 = 10 *
soybean 54 56 + 5 51 = 10
carrot 53 53 = 10 53 = 10
squid 53 56 + 8 50 + 6
takuan 52 49 = 7 55 £ 10
daikon 49 52 + 7 45 + 9
cucumber 48 51 + 7 45 * 8
cracker 46 37 + 8 54+ 7 ok
rice cracker 40 32 = 5 48 = 6 *k
cookie 38 34 + 6 42 + 8 *
peanuts 37 36 = 9 38 + 6
0 20 40 60 80 100 * p<0.05
Mastication Velocity (mm/s) *x p<0.01

Fig. 5. The maximum mastication velocity of the first molar in the Z direc-
tion at the first bite for 22 kinds of food

Details of the foods used were written in Table 1.
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Fig. 6. Relationship between the maximum mastication velocity of the first molar at
the first bite and the mechanical properties of foods
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Schematic Mastication velocity pattern
pattern
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Fig. 7. Three mastication velocity patterns of the first molar in the Z direction from the beginning of eating to
swallowing

The mastication velocity patterns were superimposed for five eating instances, for each figure, for averaging. A, B and C

time scale patterns were normalized for the convenience of their comparison. A: Mastication velocity changed little while

chewing the food, but then decreased for bolus preparation. B: Mastication velocity increased gradually at the initial stage

of mastication, but then decreased on the way toward finishing the chewing. C: An initial fast mastication velocity de-

creased steadily but evenly.
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