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Dynamic response of the monkey maxillary, mandibular, zygomatic,
and temporal bones during occlusion

P S, AT, FESRBES TR, NN >, A2 IR

Shouhei KANDA*, Masako FUJIMOTO**, Kensuke WAKAKI***,
Yasuo KOBAYASHI*, and Tadataka SUGIMURA*

Abstract: To clarify the deformation of each cranial bone by occlusal and masticatory forces and the
mechanical properties of the entire cranium, vertical force was applied to the first molars by electrically
stimulating the central area of the bilateral masseters in a monkey under anesthesia, and strain in the
maxillary, mandibular, zygomatic, and temporal bones was measured. As a results: 1. During occlusion,
since the zygomaticotemporal process was displaced in the antero-inferior direction due to contraction of
the closing muscle, the entire zygomatic bone showed a rotation-like displacement in the postero-inferior
direction setting the area near the zygomatic bone of the maxillary bone as the fulcrum. During this
displacement, since a gap developed at the superior end of the zygomaticomaxillary suture, the maxillary
bone was posteriorly displaced to fill this gap. This displacement markedly affects the morphology of the
orbit in particular, becoming a cause of visual field constriction and color sense abnormalities. 2. Since the
direction of temporal muscle contraction complicatedly changed depending on the characters and size of
chewing substances, the temporal bone deformed in various ways. This suggested that deformation
markedly affects the auditory and balance organs in the temporal bone. 3. It has been reported that the
value of occlusal force is equal to the body weight of the individual.Although a large force is applied to the
mandibular area in which the masseter and medial pterygoid muscles area inserted, this area is
comparatively flat. On the other hand, the posterior area of the occipital bone is rough-surfaced. This
suggests that a marked force is applied to the posterior area of the occipital bone. Considering these, to
achieve mechanical balance of the cranium during occlusion, the inferior margin of the occipital bone is
an important area for establishing the occlusal plane. This is considered to be a theoretical reason why
occlusion derived indefinite complaints, such as dizziness, headache, stiff neck, difficulty in hearings,
construction of the visual field, and color sense abnormalities, are frequently resolved when the extension
plane of the occlusal plane is established passing the dens and inferior margin of the occipital bone.
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Fig. 1 Diagram illustrating how the metal plate was bitten
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Fig.2 Completely impacted bilateral third molars
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Fig.3 Completely impacted leftside third molar
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Tablel Quantity of principal strain (zz£) and principal angle (6) at each measuring position caused by occlusion

Position € € 0

maxillary bone  canine alveolar area 231 -236 10
first molar alveolar area 482 99| -10
zyvgomaticomaxillary area 77 0.6 -8

zygomatic bone  zygomatic body area 146 -280 -6
zygomaticotemporal 279 -546 13
Process area

temporal bone temporocozygomatic 3 -3 -23
process area
superior area of the 24 -24 -3
mandibular fossa
posterior area of the 100 -65 -26
mandibular fossa

mandibula bone canine alveolar area 406 -586 =30
f irst molar alveolar area 745 650 -17

Table2  Quantity of principal strain (zz£) and principal angle (6) at each measuring position caused by
biting of thin metal plate with first molar

Position £ £2 0

maxillary bone canine alveolar arca 214 -191 10
first molar alveolar area 419 =776 -10
zygomaticomaxillary area 172 -80 35

zygomatic bone zygomatic body area 227 =205 <10
Zygomaticotempaoral process 321 272 8
area

temporal bone LemMpPOrocoOzyomatic process 26 -12 -30
arca
superior area of the mandibular 27 -50 -10
fossa
posterior arca of the 158 -98 -27
mandibular fossa

mandibula bone canine alveolar area 462 -680 -32

first molar alveolar area 511 868 <10
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Table 3 Quantity of principal strain (zz£) and principal angle (6) at each measuring position caused by biting of thick metal plate with first

molar

Position £ €2 0

maxillary bone canine alveolar arca 128 -13 -16
first molar alveolar arca 45 -42 2
zy gomaticomaxillary area 261 -82 30

zygomatic bone zygomatic body area 252 =217 31
zygomaticotemporal process 289 -253 -5
area

temporal bone [emporocozygomatic process 10 -24 30
area
superior area of the mandibular 49 =75 8
fossa
posterior area of the 53 -27 -34
mandibular fossa

mandibula bone canine alveolar arca 731 -945 -39
first molar alveolar area 1005 <993 -28
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Fig. 4 The principal strain in the maxillary first molar alveolar area
during occlusion and while biting metal plates with different
diameters
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Fig. 5 The principal strain in the maxillary canine alveolar area uring
occlusion and while biting metal plates with different diameters
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Fig. 6 The principal strain in the zygomaticomaxillary area of
maxillary during occlusion and while biting metal plates with
different diameters
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Fig. 7 The principal strain in the zygomatic body area during
occlusion and while biting metal plates with different diameters
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Fig. 8 The principal strain in the zygomaticotemporal process
area of zygomatic during occlusion and while biting metal
plates with different diameters

(6) MEEBHEILOIEOTHOHH

WG IRT B P~ LZ. L, 9
TWEBERLHOWEBREMEED &, MRIZET
H~Zi-7- (Fig.9).

(7) EEE T B OO RO
AR, 5 TUWEBRAINESTHH O WBERE
Ik 6T b AT TR ~HRIRE L, AT T ~ERE L7z (Fig.
10).



26 R BEERE SN A A T =7 AF4EE 14(2008)20-33

24
10
26
3
Occlusion
-3
-12
Biting of thin metal Biting of thick metal

plate with first molar plate with first molar

Fig. 9 The principal strain in the temporocozygomatic
process area of temporal during occlusion and while biting
metal plates with different diameters
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Fig. 10 The principal strain in superior area of the
mandibular fossa of the temporal during occlusion and
while biting metal plates with different diameters
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Fig. 11 The principal strain in posterior area of the
mandibular fossa of the temporal during occlusion and while
biting metal plates with different diameters
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Fig. 12 The principal strain in the mandibul first molar
alveolar area during occlusion and while biting metal plates
with different diameters
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Fig. 13 The principal strain in the mandibul canine
alveolar area during occlusion and while biting metal plates
with different diameters
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Fig. 14 Transmissional direction of occlusal force in the
maxillary bone
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Fig. 15 Displacemental direction of the zygomatic with
occlusal force

Fig. 16 Order of the deformation of the maxillary and zygomatic
bones with occlusal force
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Fig. 17 Thickness of the bone in the mandibular fossa on
the cerebral surface of the squamous part of the temporal
bone
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Fig. 18 Deformation patterns of the horizontal surface of
the cranial base with occlusal force
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Fig. 19 Deformation patterns of the zygomatic, sphenoid, temporal
and occipital bones with occlusal force
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Fig. 20 The role of median palatine suture, transverse palatine
suture and horizontal plate of ~ palatine bone with occlusal force
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