=R N2 Journal of Junshin Gakuen University,
#5375 P26 43H Faculty of Health Sciences Vol.3, March 2014

I B e & T2 W2 B 3 2 &1 & 7 )V R M O W9t
WA ezt - AR wE? - T & & AY

MRS RIEERRE BRI - RIS 75 > LB
MR KB BE

Biomechanical Investigation On Oral Tooth Biting Force Detection By Using
Photoelastic Food Model

Kouji L.YAMAMOTO" , Keiji KUBO? , Satomi CHIGITA®

Department of Medical Engineering, Faculty of Health Science, JUNSHIN GAKUEN University”
Institute of Fukuoka Oral Implant Laboratory®
Kyushu University Graduate School of Dental Science®

ZEH BUEZ o TWAEHEA v 77 v Mt oF IR A~ DALE & FIRa A IO T & DRIZAT S
POR—HD L 7zd L Bb b, —J7 TRINKOER ST IANI AR O O EAFIZ BT 5WETI2 L - TE
WENDe 10T, T LOREEIIH L TETEBE TRV, KRR G2 ME L IS TRD
SRS 2 CTHE, BT OBIRIZIZEAERE RV, £ 075 2 M Td ZOmiE AN & wid a4
HHEO—FOFEANHE AL, WiEE, ALETICBTLE6NELHNoOREIC LB MITE—X 2}
IZEoT, BIBTAZLABIIELOTE RN SNG, 2020121, BR TR AT R#IHlE L
AT T M ADVNEE FRREDERN LR T 50N D 5. KamFERE BT LRmEE, $ko
4 27T 2 MERTIC B A RERIRO N FER RO T E EWE T VLR E VL 2 ETIRET L0
THbo M LIEHONHMERE O R EME LD S DELE, RV LEIOFIZERERTIORE S L%
RLTWAEDT, ThzIGHT 5,

TYETFIVE L CAHEEOME % A S, Z15 13 EVA(Ethylene Vinyl Acetate), Cellulose Acetate, >V = >
TIh, ROETT Y Thb, WTNHREDOBEOHHMER 2 &N RmERIEOMR & & & I25% T 3G % ¢
D %) @T&) %o

BRI & S AT P B L 7 i o 5 WA &R O A I OKRE 540 %R L7z WA % s L 72
M SEMCE ) IR LA L, EREFORMR»SEHCI ) L2b o, T2 nE2iEE L CllEes
BT % AT L 7235 O h & feod e MR R MRES L 720 BRI EVA JFERE € 7 OVIZE R 2RO A7) & 3
MR, FEEEBRL CEHIRDKEEM® S, 2.5RICO RN 217 720 JIFENT A A OB AR % Ik L 723
WICOWE L 72 o 720

RFEGHERERFICEREM 2 HERMATE, SSICKAMERBO YT T Mo BH360 75 M2 5 DK
BERMDAF v %% CT (Computer Tomography) i % F\v> TIRICIEHMER TS 2 FHE03BE DN, 7
)y FMEEFEBHSTL, 40752 MRS HEROL 703 VT EEOREME %2 & 52T & 5 HE
HWre b ExRLT,

F-U—F: BED, AYTT Y MERAT, A AR LR TV, e, 1T

Abstract: Now a days the tooth implantation corruption accidents seem to be caused by some discrepancy of implant
screw's axis from the most probable biting force direction and point of application. The natural tooth root morphology
might be determined physiologically by the biting force during the healthy eating life. So its directions are not vertical to
the occlusal plane so causes no corruption. The natural tooth root figure may indicate most effective force axis to support
the biting force on the mandibular, also avoid the stress concentration at crown and its root by reducing the bending
moment. Even in the implant dentistry to obey this natural rule might reveal the lowest stress concentration state and be
possible to reduce the implant tooth corruption. This paper proposes a food model photo-elastic method on biting force
quick detection for a future clinical implanting dentistry. By using the ring type fringe in the photoelastic method the
force direction and magnitude can be determine respectively with the fringe number countered as the fringe order and the
axis of ellipsoid or the diameter line of circle drawn from the force application point. The ring's order as the laminating
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number is proportional to force magnitude.

Four materials were chosen as the food model because of biting fringe freezing character also tooth indentation even
after the biting force unloading. These characteristic materials are EVA (ethylene vinyl acetate), Cellulose acetate,

Silicon rubber, and Gelatin.

The occlusal plate type food model prepared for full tooth bow biting gives good frozen photoelastic fringe patterns
with tooth indentations.This would give the biting force magnitude distribution all over the dentition. In the rectangular
food model sliced even from fringe frozen plate or the virgin plate the sagittal fringe indicates the force direction and
magnitude. Especially by using rectangular plate laminating food model's fringes gives 2.5 dimensional force solution.
The three-dimensional fringes appeared on a thick disc type Gelatine food model would allow to give most probable force
on one tooth, and a hybrid analysis with infinite element method and visible light fringe's computer tomography could
accelerate the quick clinical diagnosis reducing the stress concentration before the implantation surgery.
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Fig. 1 Conventional photoelastic fringes appear an eccentric laminar rings in accelerated propagation pitch from
the point of application by vertical force (left) and oblique force (right) against the semi finite plate surfaces. The
oblique force divide in two eclipsed rings of major fringe and minor fringe of the backward of minor area as in

tension against the neutral line.
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Table 1 Photoelastic food model materials

glass-state

food model chemical property transition
temp.
EVA plate Ethylene-Vinyl Acetate 80T
Hard plate cellulose Acetate 100T
Hard plate Epoxy Resin 120C

silicon rubber block Poly Methyl Vinyl Siloxane

Disk Gelatin 80C
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Fig.2 EVA plate around in 6mm thick and 200mm square can be
purchased as the dental material for the mouth piece as the sport
mouth guard.
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Fig.3 Slitting the a and b strips from the occlusal food model plates
after the freezing the biting fringe and indentation. The slitting
section area shows the sagittal biting fringe.

Fig.4 The squid roa fish like strip food model(Left) for the sagittal
biting fringe observation slitted from EVA plates of 100mm
square and strips were cut into three short billet for laminating
food models (Right).

Fig.5 To make a laminating EVA block (a):cut into 3 billetes
(b):laminating face to face as the cutting section for bitting, (c):
adhering at end of three billetes, (d):sagittal observation and
(d"):coronal observation, (e): releasing the laminate to observe
individual fringes.

Heating

Stress Freezing Plate
prepared to heating for biting

Biting and Loading -1

Heat treatment by hot bath equipped
with temperature regulator

Fringe Freezing Procedures

Fig.6 Biting indentation and photoelastic fringe freezing procedure,
a:photoelastic food model, b:hot bath for warming up to freezing
temperature, c:mandibular model for biting loader d:loading
weight
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Fig.7 The coronal section:a, and the sagittal section:b fringes by
sprited off from EVA occlusal plate after biting as above a, b
slittings. These fringes show confusion. The c fringe from epoxy
hard plate appears clear but remains a few indentation.
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Fig.8 EVA food model plate after biting of upper and lower full tooth row shows a photoelastic isochromatic fringe pattern and tooth
indentation. The tooth indentation and fringes can be seen in same time on this occlusal food model plate on the polar ray field. From
the incisor area to the molar areas the annual ring style fringe indicates the fringe pitch intensity distribution with the counting manner

of fringe order number. The fringe order is proportional as same as the equivalent stress value. So the indentation area's section and the
stress value multiple gives whole occlusal plane biting force distribution as to be able to give a visualisation of the quick clinical biting

force measurement expected to be needed on dental implantation.

Fig.9 Clear bitting fringe freezings of isochromatic lines are shown on the occlusal Epoxy hard plate food model with sagittal and
coronal cross sectional fringe patterns of two strips cut-off from the plate by double slitting lines a, b in right hand in sagittal and left

hand c, d in coronal cross sectional observation.
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distal

Fig.10 The occlusal Cellulose acetate hard plate food model shows clear bitting fringe freezings of isochromatic lines also good bitting
indentations with sagittal and coronal cross sectional fuge order fringe patterns on two strips cut-off by double slitting lines a, b in

right hand in sagittal plane and left hand c, d in coronal plane.
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Figll Silicon rubber biting fringe appears slightly in sagittal
section. Also the unclearness by means of model's opaque and
the low photoelastic sensitivity would not be allowed to analyse
the biting force.
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Fig. 12 Sagittal EVA strip food model as like as the thick raw fish
of the cuttlefish shows bitting fringes changing during the bitting
load increasing as from above photo (1) to inferior frames (2)
(3) (4) (5). This frames' column can explain the each tooth
bitting load transformation of the dentition row's force activity
on the mouth closing motion by means of jaw joint. When in
low bitting load state as in the initial frame (1) the maxillary
and mandibular second premolars cause no fringe. With the load
increasing these premolars so become to share the bitting force
as to be gathering the fringes. On the other hand the canine and
the molars especially at the third molars are gathering more
fringes so to share the proper biting force.
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Force Index Diagram

Space Diagram

Fig 13 Two dimensional bitting forces A, B are composed on the 2nd mandibular molar as the resultant force:R. The force components
A, and B's magnitude the vector arrow length are measured by the number of visible fringe order the force application line across the
eccentric laminer ellipsoid fringes. Finally the resultant force were found in its magnitude and the angle in force index diagram so
closing two vectors conjugation as to polygon, and the point of passing through by the crossing point of A and B vector at the space
diagram. No fringe acts on the mandibular 1st molar and the 2nd premolar gains small fringe in order one or more. This fringe patterns
are little different from above fringes at premolar and molar area as shown in Fig. 12. This difference means some stream turbulence
of force shearing at these area. The reason is seemed to be by a physical particularity that the 2nd premolar is larger than the 1st molar.
This squid raw fish like food model method can explain any case bitting force activity even in private physical detailes.
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Fig 14 Molars biting fringes were frozen on the block by three
laminar EVA stripes of cuttlefish's roe fish like food model in
sagittal and coronal cross sectional areas. The fringes explain
bitting force components as shown along the fringe ellipse
axis as the designated arrows, which were analyzed from the
ellipsoid fringe ring's number counted as the fringe order.
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Fig 15 The fringes remain on each three EVA strip type layer
elements divided from laminar food model block as like as
cuttlefish's roe fish. Which were put in the sagittal plane and the
coronal plane. Also the fringes explain bitting force components
in vector arrows analyzed from the ellipsoid fringe ring's number
counted as the fringe order.
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Fig.16 One Gelatine disk food model show biting fringe at sagittal
view (upper) and coronal view (lower), at the simultaneous time
in one biting load level.

By this unity of one load and one biting on one food model, the
all around disk scanning fringe views not only sagittal nor coronalr
view would be useful for a computer tomography(CT) if allow to
use visible light source. The CT could mathematically reconstruct
three dimensional fringes' color and brightness data on each
pikcells in the disk space. In the future the reconstructed fringe
patterns' hybrid analysis with the finite element method would give
the accurate measurement against the three dimensional biting
force as the most probable direction and point of application.
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