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Finite Element Analysis of Mandible in Occlusion Condition based on Dental Cone-beam CT Images

with Scattered X-ray Correction Method
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Abstract

Dental computed tomography (CT) has a feature of high speed scanning as well as low radiation
exposure owing to a cone-beam scanner and an area detector. However, the image quality of cone-beam
CT is not enough for performing stress analysis of maxillofacial bones because of X-ray scattering effect.
In our previous paper, we proposed a correction method of X-ray scattering effect and showed quality
improvement of CT numbers in reconstructed images. This paper evaluates the correction method by
performing stress analysis with a patient-specific finite element model of a human mandible under a
bilateral condition. For the examination test, we applied a head phantom in which actual maxillofacial
bones are embedded. The analytical results were compared to those based on fan-beam CT image data
that are thought to be reliable quality. For the comparative study, eight finite elements were selected on
the same line segment of the models. The average equivalent stress of the elements was improved from
6.36 MPa to 5.16 MPa by the correction method while the stress on the corresponding fan-beam CT data
is 4.82 MPa. These results show that dental cone-beam CT image data are available to examine
mechanical characteristics of maxillofacial bones by the correction method.
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Fig. 1 Cone-beam CT apparatus (side view).
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Fig. 2 Scatter-correction process.
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Table 1 Number of node and element.

Fan-beam CT Cone-beam CT
Without With
correction | correction
Node 8,007 11,109 11,109
Element 39,972 55,745 55,745




(14) AL X R IEE 72 IV e O — 2 E— LCT RSB BIC I 2 ERM N OARESEMT

2.4 TEHEOYV IR BB AR 2 ME (Tp)L L, 5 7 5 g5 o a2 =
AT aET VOB ERIIXL, TIN5 LU TERELTZ[26]. i 1O REX1E, SCER[25]D
FHMECHREL TV REREL. Yoo il FIHETE FIEICE> TR L.

FE[GPalixF (1) TRENDbDEL, £, B Fig. 612, 23— E —LACTD Ay 2E T /L%t
B p [g/em’IXCTEDME VE AW T (2] THEN LCHREL-EFREORIILE, BHENE/
LHDELTHEHLZ[23,24]. FIDRT NV KT

E=105-(1.0-10°)-(0.877- p+0.079)**
(1)
p=(0.78-10)¥ -(5.6-10%)

Fig. 4 {2, Fig. 3 DAY aE T /WIH L TRD
T U Rk =B — A CT 2B
THIIEZITDRWG G, THE O LEENHlO
JRVEIPHC, 77 B —A CT 2L T
RO 14 K TFLTWDIENRS DD, #ELX
PROBBMHIEEZITOZEICLY, Yo 7T 7r> Fig. 5 Mechanical conditions in occlusion.
B —2A CT O3RN TN S,

2.5 BREFRD S % 5&M:

THEOFRERZET LKL T, SCER[25]I
PE-T, MIAIIE A O 2 FRE LI A D ) 55
%Fig. 5 OIDIIHE L. ARERET VI
RIET DN F R RT.

BRI, £AO THHEAZ @S E R Z X fhE
LC, A FHRREEIT X, Y, Z#h )5 7 o B 8h%
R, X, Yk, Zfh/E0oR#EziEeCHRBRELE.
—J7, /e FRREHITY S, ZEh T o8 AL,
X 75 Al OB 8 35 KO, Yilily, Z#h)E D o[RS
TABELE. £, S ASKOEIEEESINZ AT
DIZ, fed5 DY) g o H LS 1 E P 0O A Z i 5 [/ D Fig. 6 Muscular forces on mandible and
BEzm L. reaction forces on teeth for stress analysis.

o o far B O, IS0, KB, B /NI,

B /INFI e, B R, B RO TARDH

2R CRRE LT, fof BV A B LS B CHIAR J5 1) 2.6 i JIfRNTRE R

ICFAZONDLDEL, FYINOE K Fig. 7 BX O Fig. 8 12, iR L7=MEA St TFIC
([Z[AVFTIN, 3N, 5N, 10N, 20N, 70N, 100N® kK BIDICNENRERE T, 770 E—ALCT I
&L, EARFRICEERELT. BWTC, FEEOME T, FTHHENDANTAIZ

Fio, FEFICAEH T D X M), N DT THERAZHFE S I I D W EI S A T Tna.
I 2275 (Pm), FMAIELZ2 /5 (P, MISHEARATIE (Ta),  ZOMEFNE, Maki SO L[2] THESNTWD




AL X Rt Ei% 72 Ve 3 — 2 E— LCT RSB BIC T 5 ERM N OAREZEMT (15)

LOLFEIBETHS. a— B —ACT T, fiiE%:
TRV SIS IO E WSRO EE N T
PHE RRIZIEN>TNDEN, fMERIZ7 7o
— I CT DS S 3 ATEAF N TN .

TEBIZHAT DI % E BT 57
DI, HET IV TIEIEIE CE T O AF [R5 35 % 5
RU, 2D R U7z, SR E T, Fig.
7 OBERFRHIZBWNTHEG TRLIEZTAV ET,
EEEAL TR

Fig. 9|2, BRU-ATRESE DO Y )5 T OfE
oY I 7RO BFE, BEEE 5 O v
RPBRETT AN FE ST LI ARERZ
RLTCWD., a— B —ACT DT —HaZDEE
T 2E, 77— CT ITEE ST H
LHARTRTERODIC ) ALz o TS, Zi
WZHEARTHGEL X B EZE T o7ma—2 B — A
CT 7 —ZICLDENT T, 770 B —A CT 12X
BFRHTRE BT R DN T WD E DD,

10.0

R 22 38 fEAT CHE Y4 IS I D3 K (ar) B8 L OV
IN (i) E72 D& FTZ T, £ EFRIUE T T2
— B —A CT IZXDISIMEZE L TnD. 2
DT, b2z lza—rE—24 CT 12k
HIRNTHESIT 7 7o B —2 CT OfEHTHE 2T
DNTND. ZNHDRERND, REBELXHR AR E
R E IRE DI JTFRAT G S O R Ri2ds
WTHTHHEE ZLND.

Table 2 Equivalent stress (MPa)

at selected elements.

Cone-beam CT without correction
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Fig. 9 Equivalent stress at selected elements
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(a) Cone-beam CT (b) Cone-beam CT (c) Fan-beam CT
without correction with correction
Fig. 3 Mesh model of mandible.
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Fig. 4 Distribution of Young's modulus.

(a) Cone-beam CT (b) Cone-beam CT (¢c) Fan-beam CT
without correction with correction

Fig. 7 Distribution of equivalent stress (right side view).

The white line denotes selected elements at the same position for evaluation of the three models.

(a) Cone-beam CT (b) Cone-beam CT (c) Fan-beam CT 0
without correction with correction

Fig. 8 Distribution of equivalent stress (left side view).



