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Dynamic responses to cranium and cervical vertebrae while bitting with canine
TABEEZR, BRAVHET, WIS, RGNS, AT L
Nakahashi Akihiro, Fujimoto Masako, Wakaki Kensuke, Kobayashi Yasuo, Sugimura Tadataka

Abstract:The mastication of hard substances is usually performed using the molars because the molar proper occlusal
area, which increases the masticatory efficiency, is wide, and the threshold value regarding pain is higher in the molar
periodontal ligaments than those of the anterior teeth. However,when the molar group is absent, chewing using the
anterior teeth becomes necessary, and the continuation of this condition for a long time is apt to lead to facial and
cranial deformation and become a cause of indefinite complaints. Therefore, to clarity this mechanism, strain in 10
sites: the maxillary molar and canine alveolar areas, zygomaticomaxillary suture area, body and temporal process area
of the zygomatic bone, aquamous part of the temporal bone, mastoid process area, zygomatic process area, and
mandibular molar and canine alveolar area, and in a further sites: the bilateral laminae of the vertebral area of each
cervical vertebra, was measured during occlusion forced by electrically stimulating the central area of the bilateral
masseters in a monkey under anesthesis, and the following results were obtained. 1) Marked stress was concentrated in
the zygomaticomaxillary suture area. 2) Since the sphencid bone was markedly displaced in the antero-inferior
direction, the entire cranium developed a rotation-like deformation in the postero-inferior direction. 3) Long these
cranial deformation, since the atlas was also deformed in the antero-inferior direction, the second cervical vertebra
could not function as the mechanical fulcrum of all cervical vertebrae, and so all cervical vertebrae were under a
markedly imbalanced mechanical condition. 4) Therefore, it was considered that this condition causes the imbalance in
cervical vertebral alignment, and leads to the development of sensory nerve disorders, becoming a cause of various
indefinite complaints.
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Fig. 1 Location of placement of the strain gauges
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Table 1 Quantity of principal strain (e;e;) at each
measuring position caused during occlusion and while
biting metal plates with different thicknesses
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Table 2 Total principal strain(u e )at each measuring
position caused during occlusion and while biting metal
plates with different thicknesses
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Table 3 Quantity of principal strain (e 1, e 2 ) at each
measuring position caused during occlusion and
while biting metal plates with different
thicknesses
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Table 4 Total principal strain(yx e )at each measuring
position caused during occlusion and while
biting metal plates with different thicknesses
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Fig. 3 Magnitude and direction of the principal strain on
the maxillary canine alveolar area during
occlusion and while biting metal plates with
different thicknesses
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Fig. 4 Magnitude and direction of the principal strain in
the maxillary first molar alveolar area during
occlusion and while biting metal plates with
different thicknesses
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Fig. 5 Magnitude and direction of the principal strain in
the zygomaticomaxillary area of maxillary during
occlusion and while biting metal plates with
different thicknesses

Fig. 6 Magnitude and direction of the principal strain in
the zygomatic body area during occlusion and
while biting metal plates with different
thicknesses

Fig. 7 Magnitude and direction of the principal strain in
the zygomaticotemporal process area of
zygomatic during occlusion and while biting metal
plates with different thicknesses
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Fig. 8 Magnitude and direction of the principal strain in
the temporocozygomatic process area of temporal
during occlusion and while biting metal plates
with different thicknesses

Fig. 9 Magnitude and direction of the principal strain in
superior area of the mandibular fossa of the
temporal during occlusion and while biting metal
plates with different thicknesses
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Fig. 10 Magnitude and direction of the principal strain in
posterior area of the mandibular fossa of the
temporal (mastoid process) during occlusion and

biting metal plates with different

thicknesses

while

Fig. 11 Magnitude and direction of the principal strain in
the mandibul canine alveolar area during
occlusion and while biting metal plates with
different thicknesses
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Fig. 12 Magnitude and direction of the principal strain
in the mandibul first molar alveolar area during
occlusion and while biting metal plates with
different thicknesses
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Fig. 13 Magnitude and direction of the principal strain on
the both sides laminae of the vertebral arch in the
first cervical vertebrae during occlusion and
while biting metal plates with different
thicknesses
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Fig. 14 Magnitude and direction of the principal strain on
the both sides laminae of the vertebral arch in the
second cervical vertebrae during occlusion and
while biting metal plates with different
thicknesses
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Fig. 15 Magnitude and direction of the principal strain on
the both sides laminae of the vertebral arch in the
third cervical vertebrae during occlusion and
while biting metal plates with different
thicknesses
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Fig. 16 Magnitude and direction of the principal strain on
the both sides laminae of the vertebral arch in the
fourth cervical vertebrae during occlusion and
while biting metal plates with different
thicknesses
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Fig. 17 Magnitude and direction of the principal strain on
the both sides laminae of the vertebral arch in the
fifth cervical vertebrae during occlusion and
while biting metal plates with different
thicknesses

(6) Al

AR, A3 ELArSAETHIHL, ALF
PORETHNGEM L. AR EETPO4AT
gL, BT oA ERNGGLEM Lz, 5§
WEBR AT L &, AT AT, A
FETH»SA EHMPEL. HOVEEIE
FEoLEd, JTVEENREWE T L S L)
m~ O A 72 (Fig.18).

Fig. 18 Magnitude and direction of the principal strain on
the both sides laminae of the vertebral arch in the
sixth cervical vertebrae during occlusion and
while biting metal plates with different
thicknesses
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Fig. 19 Magnitude and direction of the principal strain on
the both sides laminae of the vertebral arch in the
seventh cervical vertebrae during occlusion and
while biting metal plates with different
thicknesses
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& OENCHHE EFEREADSH Y, hUIs B X O
WX E ICEREN DL, Lo T, TiERe
MY THWEEREE D L, FNEOOEOWEIC
HELLOFARITHEME E LT E OB OREIZE -
THRESN, REOTE-2HHTH ARETTCMH
WADEE EEE NN o722 S BHEB IO
SEHED M E DL RSy — R+ 5 2 &
WTERWw, 22T, FHBICHEEZ S ORI E L
T, R CTYHELWE 7.

A S "R, dovEBiE S —KAKTHE
W7ol &, G EFEEAE L OVEEEHRIIIRT
FNEML, 2ok s, HE EHEEAIL D QEE
FHREDIZ ) DR BT HNEMT DT, Thb
M EFICEREATE, Thaifond k) EEEEE,
SR e L TG FFERAIO Tl e LTHRE
NEEER N T B & R LT B (Fig.20,Left).
L2L, RETHEELE, ThkidF o7 i,
SHE FRRREATEROIT ) BB L D DR R
T~ L 72 (Fig.20,Right). 2D & &, SHEH&
EBICAEL B O AIIEE FERAT L DD E DT
/NE W (Tablel) 728, BT 5 3G LG & O
IIXZERIETE T, ZoME, LHE~NELBNE
AL—RIHHRT B ENTELRWO, HE FHE
HAETIIZEDOTRERA NV ADPEL S, R
T, ARSI IR VRIS 5 L) e &,
RS T EB I hR EFR & 3R 2 B ER & fRER§ 2 95,
FFER LA ICE b DEEZSNS.
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Fig. 20 The displacement direction of the maxillary and
zygomatic bones while biting metal plates in
different area

KB CTHE M E /-8 &, EFE LT L OEN
I2EbdoT, WRELENTS.

A S M, ARBFGE & FEED )T D ZE AL
HiEwer L, WERIZIZIZIFTHANEML, £
L9 B P S E—RKHEBICHE L MA THEMT
HHIANIZIEE A EETBROON o7z L L
T\ % (Fig.21,Left). AEBTRHONIZHEE B LU
BIGHES AT A MO 5 &, KRB TWE
EMEE/ L&, WIREIIE - KRARTYE YW E
WL Z L) S BENITRRH FHNENT B L%
Z b 114 (Fig.21,Right).

Fig. 21 The displacement direction of the sphenoid bone
while biting metal plates in different areas

ERICHER T E 2L ) & 95, FHITHETN
~BET 50T, WG RRGSEOEEEITER L
TV AR ZER b TEOZEMIIE > TR ~ZERL
T4, Fz, NHEZERITEIEmR L) D5R IR
T A YDT, WRE IR YR T HANEM T
HLEZOND. WILEPH TANENT S L, B
g LR O®REE L oM (BEIRAEKEE) (2B
NTERTL R BFig22). 2Ok E, BEFOE

MR EE IS 505, RERIZBWTIIH
HE OO AIEFERL o 7

- Palate bone

/ Sphenoid bone

«——— Synchondorosis

«—— Occipital bone

Fig. 22 The position of the sphenoid and occipital bones
and spheno-occipital cartilage area in the cranial
base (monkey)

NELMR I O F0E OB IC B LT, BAS "R,
FRACETEER 2 IR S 72 8 EOBRIEE OO A
DORESBIUCHMEZEEL, BEIREFFEZHEL 72
L&, RROBEHBILEATHANENS EHE LT
W5, FiEECHIE AR E S S &, FIRERCIENG S
HLELY)STHEBERMAINEE T 00, H
WEREDHERE S B HIANIAE A & ER LY, Rk
FOHTHNEDLL-O, HEMRTHEE/-E X
(Fig.23,Left) & V) bR NLIIL R L, LA, BER
RO 5 % SRR TEE (X T Ak 12 < ZE AL
5 L%z 5N A (Fig.23,Right). RERIZBWT,
MG D% )7 AL T dH 5 ISR O AW
AEE D LIk o THEL (KL 7 (Table 7S,
U, BIEEATHIT ANEEARICEN TS 2 81
Lo, MEMMEBMIEMTAILICELEVR S
(Fig.23,Right). T 74bL, HETYELEWI LTI L
IS 2 Do E LTRSS BT D
FEABNEMT D EEZONDLDIF LT, Ak
HCYEEZMWE D EWIE OMAETT i~ DR
Mo, BERAEIKEMABICR Y, TntHO s X
I ICBREE X E DO Tl §i F~NEM T 5 (Fig.
WyeEZobNb,

Fig. 23 The displacement direction of the cranium while
biting metal plates in different areas
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b b OUHZE &M L OfE BRI, BRIV
EIFE AEZEDS R W(Fig24) DT, REBRTHEDS
NIRRT, BEMNERDL SO T MOEIL LT
272,

Fig. 24 Position of the occipital bone, dense, first and
second cervical vertebra (human)

HIE T 2 5 & AT ASHT T 7~ 5 <
[#53 2 DT, HREEOKRFZELOBE TIZH ) HE
DEEEE L THEREL TWAE—SEIL, RETOZ%
PLIZRE > TEARMIZHTF AT 5 (Fig25). 2
DFNENLT %720, HEBOLEADOIRNIIA %L,
BIEFIRIIZESECTHANEMNT L EEZ LN,
ETAT, BESANEL B TSHNEL OBRICDO VT,
5573, EUOE—KAWTWEZMITS L,
GHERISMMBHI T H 2 EHIAEL 720, HEE LT
AEL T E—SEHEII N &, AT OMES
WidWwFndbim BT 5. 2LT, S ST
FEEEM (HA) OHESIRKIZIRNO T ADAEL S,
CIUIE—SHEDOHEILO I H AV IAA TV B
SFME PR ZSHE DY R —SEME OMEFLOARITT T % i < L2
BEELASEEE (UG /M) ~ED 72w X 9 1CHERE
LTWwWAERELTWS, LaL, Wik TOWE %
B E 7L FOE _SHHEHESIROTAOENLE R
b &, WlE, RZERSE—SEMEOTINEE L 12T
B LA IHE LT 58 —SakE & 5 T SikE & o BI1R

Fig. 25 The displacement direction of the occipital bone
and first cervical vertebra

13, RIEE ORI T NOZEMIE > TE— Sl
N5 &8 SRR ISE I AT I L TV A E—
HEDRTPIBED HBEN, & T SEHEICIZR X b
LlawkEz L5 (Tabled). 2D &, 5
MEWSBEMIZPE - TEM LT WS, E Sk sE—
GHEL LB LTV WI L ZRIBTEHDTH
0, SEHESERONT VADPMEBIZ WZ EZ/RLT
W5,

X512 S L, BRSO RIS
—FHEIEI X O TR E R BTEIORIEE LT, FL
T, BB L L TR L T\ 5 —SaHEAS
IR CHIC DR IO B A b wos— & LTHEREL T
WahrEBRDbLNSL., 5|2, FE=FEMEIT o5 S0
e T ER O S IUSEME & 13 A7 0 57 o 72 )5
Ph, L E S O X ORREAR L L TR
AL, BB X OEASEMEL, 5=SAMEZ 1 TlEsR
BmLENL o) ERET L HEERZLTW
LEEDNG., 2L T, BEABLUOE LML X
DOREVFHOFHE L ZOB) & 2B L TWw b HE
DL 22z, FiHEREOTED DL VITEHEE L
THEEL TV B ERRTWE, NI LT, Kk
HeWErwmEEs &, ESHUTOOTAILE
—FHED D TA LD DFLLNEL, 20, E28
X OE=SEMECIIIFMEEMN O O FARIIEEM I D b
K&, HEIUSEHEL T TIIEEMOIE D AIEEER
IV kEhors. ZoOZ LI, A (FiHEDR) <
WEAWMILLEHABTHES- L 2L ) OBRET
13 5 HSIHMMENCH S, RAWCTYE AT &
X O SEME 2SS DO RRBE & 6 SAME & 6B S SEME L
MBI\, FEIUSEHELLT O SEHERE A SiRE SR DN
TUVAEBRODE N ITHEEEL TWAEZ EEZ/RL TN A,

BRUEE OFIT DL L - CTH—SiME D AT~
FENTAHIEICE-T, BRIEE & HE—SH L OB
el B, T LiX, HERIFLZ 8 2 a2 5E
T o520, HMEoREE, NER, R, 28 R
JIEEE L ORI TR LA B TEH E 45",

WE, SEREEICIERRER & L CREEd 2 HERK
B DY, HE—SEMEL B L O, Thbb,
SE—HMERIARGE |23 HERIARUI 72\ (Fig.26).

Fig. 26 Anatomical character of the first diske space
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COFHIE, MIEHMTHEERES2L EZDOVT
HRDOENLHET L L, FE—SHENIEM L TLE
GEHEIZZF OB T EALEZIT RV EERLTWY
T, 2OZ L, F—HHETIEIHLOTHERLTVE
ThLILERBETELDOTHL. LA oT, &
—TEHED T HERIAR A B B & 55— SAMEIZBE 12 &
bETHPICEI DB TELRL B0, H—H
IR I SHERIAUI L E W E R S5NE., D2
Lix, HIOBZOHHEELZEHOA72DI2IEEDD
THUAZD 2 o T RHNF NI TH 5 LEZ HNBS,
BUEG L E—SEHE S O, BLOHE L B
Me& ORNIHEBAARKITL TV B &) Z L idBo
BERTREZBEYEATVS., Thbh, H—F
MBI E S REVE W) Z N STHFMRED H B
I D 72 WS —HERIARKE 12 & B C2D /IR 1Z, C3
OF L & DITRBHEMREEZEERL, 2, Bofk
FOBIEES, FLERZERE, BLUOHE FROME
it L Tv» 5 (Fig.27).

Fig. 27 Regions innervated by C2

L7225 T, Mg Td Y, SEHitoEiza s b
=)L LTWBQAIBENBE 5 &, LK, IFE,
B 7% &2 L OMTRRGF % 3% o T B kR 2
ERELRTL LY. T2, WROSIFIZB W
TY, WEICERENH L L&, Mg, BXO
ZOHiER, HEEFETW) [BE (2ns9)) | %
BIEE O THRMTISHWERLE T, THEms Lo
iR IRV ASCHEE T2 HHS, ZIUIERIEG
DEANNES T, F—SAMES L O S EAL L
TH—HEMBEZEET A2 812X »>TCl, 28
FUOGHPEEELZIT /- LIk EZ LN,

R

RS TR 2T 5 & SIS
WIBHSER LT, EERESE TR RN T S
728, BHBARIIB T I NMEEEOZEMNE T 5. &
DX ) REEEOEMA L - THE OB & L CTHhe
LCWEE—FEIH T HNEMNTL2DT, F 5
HEPR ZSHE 2SS R D T2 e S i & L CRERE T &

9, SEHESIRDS X b TR 7 ) FRIRAEIC 72 5.
CDOZEDFEREDEFDINT v A% b, SAHER
T AEB ML L VAR I EE R S
Z, NERFZIILOL L DIERZEL S BFERK
DOEDIZHBLEEZLNS.
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