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Abstract

Objective: To discuss feasibility of constructing masticatory system including full teeth structure,
temporomandibular joint and craniomaxillofacial structure based on imaging and anatomy. To
prepare for defining the material properties on constructing the 3-D FEM of masticatory system by
means of Ansys and to provide new ideas of modeling for research on biomechanics of the crani-
omaxillofacial structure. Methods: CT machine and MRI machine were used to scan the skull, mas-
ticatory muscles and bilateral temporomandibular joint in the second generation No. 23 of Chi-
nese virtual human. CT and MRI image data in format of DICOM were in batches imported into
Mimics to reconstruct 3-D model, then integrating and optimizing the models, constructing model
of the masticatory system including full teeth structure by geomagic stadio. Results: A 3-D model
of the masticatory system including full teeth structure, enamel, cementum, dentin, dental pulp,
periodontal ligament, mandibular, maxillary, temporomandibular joint, craniomaxillofacial struc-
ture is constructed. Conclusions: It is precise and feasible to construct a 3-D model of the mastica-
tory system including full teeth structure based on CT images, MRI images and anatomy by means
of Mimics and Geomagic Stadio. This model can restore the biomechanics environment of the mas-
ticatory system, and provide new ideas of modeling for research on biomechanics of the mastica-
tory system.
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BiY: REBLAE ETHENERE. Tl TAR. FER. THR. FRERFSER G =27
B T AT, RS A AnsysT AR B L& AR MM BRI R AN =87 RoE B %,
PABORRR FUFARTE ~ 30T 8RR X T A /1 F R R s B g . 78k REF-RPERBUANE
HE23 5 LMCTER . MEHBUIMRIER XSGR T HX T HMRIER, PUDICOMAE R AMimicsH 4
BAT=4ERE, Hi#EdGeomagic-StadioRAFECHEEAL . RAUARE KRS RAE &7 46T AR AR
B, &3 BT -MEEFEXNERE. THRERERE, £FFIUKH TR ERIERSEMN
FRARTH ) =R 2R . 418 ETCT. MRIBBAMMFEL 2%, R AHREZEZE 4K A Mimics.
Geomagic-Stadio™] LU . TITHIME A S 2T FIBASEHAE FHXT ERIARE RS X REH
M= ZEME) 2R, SRR E MR SERE R T B & RERNEN I FERE, ARERARBEIAH
VAT RE 1AM J R FTAR M T 3 AR T A B R .
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1. 5l8

VEIHBIL, BRI, AR, F, FRESA KA RIMANE, WA KIEHE D) 65— 81k,
fAIFRIH 8 R 4t (masticatory system) [1]. PHIE RFELEMINE ARG, N T RAFRAIRES T D%
R SR AR 1 IREE, =4 BR e B AT IR A S iz — (2] A BRJCEBOD RS
BRI, = 4ERE R (& B BR G AEAL A E2ST, T S @A = 4R FR T A i Y R R [3]. BRI,
P v AL ARG A R A THI 1 R s BB A3 BT B HERA B . T AAE R R G =4 A IROC AR i T K& T
1B, E5E[41FH Mirco-CT BT @ 7 A RISk FERRY,  Zr i SRS F AR AW ) 25 305, %
HEE[STR R R TR A RIS CT 2 MRI, F] DICOM $ffs 2257300 F ARG R, 0 Hr 7 5 2B
J1%, TRIR[6]434 IR NG CT, LA DICOM 4 Bl i & i) A FUE A T AR 1%, E R[]
1EH NG CT, LA DICOM i BEALAN [ oF FE B 25~ B 2R J12%% o A5 BT3B 75 V1) 22 3 PR A e )
PEANIR], ANRETERE SR BTG RS0, HALEHM B2 RIRE. MR 222 51, BN,
WL VB ATLRI S50 A R e 8 A T ) — A ) A A Y B S /> 2 S o ARSI 3 BB ¥ P A PR T A4 N LA A B CT
4k, HESA MRI RN CT ISR 2, fn b DICOM i B, (R4 7 Mg R 4810
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SEREVERURETME, 5284 0E BRI 2 55 1024 ) 2 FR 85
2. ¥RlAEE
21 EEEEXFR

TREFEMNFAT: 20 B AFEAAERN; SABUF GRS, TP AAE, JoIFH#m, 5k 07
Lok MRS, TeR X ARSI,  SKImaIesh s, max e, tElpiE; Folses, Thsm,
FURENERRIES , A Thash; JoIR. SR SR Al R G MEBR . HEBRbrdE: 1Rmy s, 3558 52,
FRIFARL, SmETAY, BEL, GEKE R ALRERE 2 AhEH A KB 23 58
TRE, 238, fAE 65KG, AREFRB(BMI)A 2276, HE 169 cm, ZE G F &1,

2.2. RFREREGERY

O HZA TOSHIBA 2 #] ] Aquilion-one 320 HFiZ i CT HLUZ/E 0.5 mm, [f#E 0.5 mm, HKINH|E 7
FAEIKT = 5214 653 TK);

@ %[ GE AwH Excite-11 S 1.5T MRI HL; (289 1 mm, JZ[AIFE 0 mm, XUk il 2 5245
500 7K);

® FH GE A#| K HDx '3 4 1.5T MRI HLUZE 1 mm, Z[EFE 0 mm, XU TMJ W7 E5214 60 5K);

@ LLFIE; Materialise 22 & [ Mimics10.0 BEUE AL EE 4K A5

® [ Rain-Drop 2 & ff) Geomagic9.0 ¥ i) T.F &

2.3. BIEAZE

F B 431 CT & MRI 5% LA DICOM #% 30§ A\ Mimics 4, TR &1E 0 R E RS R,
DL STL #3055 N\ Geomagic # /-, it = M A RO ACRIIR, A2 B S AT A 1) = g ST AR Y,
B E R IGS #%50, NEHTS A ANSYS Ho B % .

2.3.1. FEERIR

H CT H##i%#% L) DICOM kT A\ Mimics, FIRESG—Z MM T REX 1, WRCT#E =4 E
AR, §F| Geomagic FfFH, IEBERIMLZLTY, HAEZIATY, i 20 T PR
5L L, MR ZEN =M, EREHMERE R T A B8 =A R NAESIR LK AE T
(1),

232. FEREE

i AR A EIR, SRR R I R 2 mm DR PR S A R TR
SRty BRI 5 AR J5 XA AR AERE 2 0 70 B B B B R B4 E AR B A B AN . SRS B RUANR S, H
BT 0.95 £ 0.25 mm 55, FEECA B = RIUF AR R &4 ZE (14 1).

Figure 1. 3D model of enamel, cementum, dentin, dental pulp, periodontal ligament
1. AR TR, FER. TERR. FiE. FEAR=HRE
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2.3.3. FARREE
FHREBFAR X MG, BRT AR =R, BHEMENITERE 5T RN ERES, BHRE
SR T AN EAER, FREANZE AR NG, ki i ik,

2.3.4. FHIREE

U SRR AR T VRN R, e O R B R 2 mm DU R S L 2 TR
Je FIXA IR NG S 4 B BB E A MR ANE R R SR Al AN, RN ERN A RANZ, sEiit
B L (1 1),

235 FREZEE
BIRERF B RANZEAEE 2 mm 5, fERTA, A0BE S SAR S XA S o (X b 2 5 DX R 7Y i) 4rp
A% 0.25 mm [8], G [R5 R RSN Z AR, o8 & 5 9 JZ A5 80 B 2P B 5 0 )2 BT 3 2 mm JE 8 (14 1)

2.36. THABENEREEE

£ mimics Al & JE L J0N 9 KT A X, HTEEF X, JE S X 43 %979 0.5 mm, 0.75 mm, 1.0 mm;
TP R R X BT X JaF X HZ8 1 mm, 1.5 mm, 2.5 mm, ZFHlis T i gy 5 5 5 20 8
1mm, NHETEAGN, 0505208 1.5 mm, 2 mm, [ R A AR 055124 2 mm, 1.5 mm,
BRI A0 B B R R FEZI 0N 1.5 mm, MG R RZ908 1 mm, 5 & XU MAE[9], 6 TUAEA5[10] i B A o
RGBS =R AL #, %8 FRARHEREAT M, FEPHED AL, 18 B0 &AL R E P AR
(4 2).

23.7. LIARNEREER
DA B B 5 X R RE 20709 1 omm, U B BR EEZ008 2 mm, PRI THHC 1.5 mm, 7F &K BE
HEFE[LIIR ISR, DL 58 A AL (14 2).

238 BAEFTHXBRKARGEERMETER

B MRI 5245 %KLL DICOM #4505 N\ Mimics #fFH, Jiid 15 B K B {8 S Geomagic ALK H
RS AL . WL AL AL AN =4k E d H ok, FAI A OO0 B 99 TR 56 35 3800 20k 5 15 10
KR R[5, BRI AT YIRS 5ER I & RGBS, LIl A% (4 2).
3. &R

ARSI T — M LA SR UE . NV R, XSRS, FAR, AR, R,
FRIE, LARGHR AR 5 LA 2 G0 R0 i i ) = 43 24455, ] Geomagic Stadio9.0 LA 1GS %3
S, BAEMEZ RS IEE R, YRR, BEAT B S S A A . BT I R AR
Fra il Fap ek, AR, JeE. #iE. WE. HUE, SRNEE .

Figure 2. The structure of full teeth, upper and lower alveolar bone and craniofacial bone
2. STEGEMBEHGEN, £ THEERETIEMREN
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Table 1. Measurement of teeth

1 FHENER

R 5K (mm) 57 5% (mm) it JE (mm) R4 (mm) H15E (mm) 215 (mm)
F1 1055 8.265 6.35 11.85 5 5.815
k2 9.127 5.8285 5.55 12.824 4.7865 5.1165
3 10.0425 8.3075 8.4445 12.971 6.7015 8.061
4 8.7485 6.946 9.095 11.5705 5.7475 7.974
L5 8.622 6.7945 8.8105 12.251 5.1175 7.802
L6 7.372 10.429 11.343 11.416 8.479 11.0055
+7 7.611 10.162 11.266 11.9495 8.534 10.981
1 9.2835 5.3615 5.7295 9.9885 41275 5.239
T2 9.27 5.6065 6.1005 10.922 4.27 5.8715
T3 11.3045 7.525 8.555 14.5955 6.6425 8.07
T4 8.5985 6.8225 7.6625 11.9205 5.27 6.763
F5 8.018 6.9015 8.337 12.3465 5.4765 6.832
6 7.7835 10.98 10.7065 11.6885 9.8365 8.416
7 7.6195 11.094 10.5825 13.4185 9.5145 9.705

4. ¥1ig

4.1 BIEFR

AR TR VERECE 5 M, B AL, =4EEYE, CT 8L MRI BG40 #E7:, DICOM %
FERLE AR AL LN ARE[5]. DICOM Hdfs e yds H BT ZE M) 120t FUde o W T ik . A S
FERT N A b, SO T 2 SRR, e WIFE ansys HP E SCRER (R 25 1R QUK SR PR AR A,
BEAT A IRITA T T TSR e, RORIEIN R P, Pl 5 b 2 BE A — B MR

4.2. BIRTE9ER

TR GIEBER ] DO F & B A R R . AR PR R TR, el e, A
A TR (R S7 A, (BN F B B S AL b R A AR CT MRS S ML S 25 & B2 RN &
BrokmhsE, PrUAERERCR. 534k, AR CT @RI AWML R of, XRALBMAL. 5
R R R B U, DURCE B B AR 2 mm R, FF S i s op AR B E e e, TR
NG A, (EGE SRR AL Tz R TR, FAEARORE, REAER.0 £ 0.4 mm)Zff. £
TEE R, ARSCRCSR B PR PR, e G R EERE,  ITE B EART S R 2 1
WETE, ERGEMNGFRERKERET RS HNA D ESENR, FERII. BT RGAME
VLR G A R T N, R4S MRI A CT (ARHEFIVC RS EA%E, (EARAE— & A HE iR 72

4.3 BEHNNARE

1) &FFIBBHINA: SR8 &R R GRS N R [12], BLR IE R A & 7
L5 2) FRIEEARMINI A : W] LAE A0 AT HAE HI R & 25 6 28 i A2 D0 2R3 s e & R A
ANFLSF A BN B2 B AR J0 213 3) TR GBI N AR T AT F R SRR i 1
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J150HT, ARAEME AR Z A 2 e b, F R BEEA R SRS NN 8 [12] [14]; 4) BT
T KRBV nT DUSE AP A5 3T 30 R &IOG AT R 10 HT [5], A Vi AR 8015 2 IR1 B R K 43 AT
DA PH B ILAEAS [RIRES N A D 5 300 A0 19 ( B J1 846 [15]s 5) #E 5 G2 R Befk:  mf DURE 4745
YN A B B2 375 1) E R BRI, NI S R R A 0 5 5 B SRR [ 16]

gk bRTR, FET CT. MRI 2GRS, FIHEF# G EFH A Mimics. Geomagic Stadio 1J LK
Wi ATATHOM AR A A A SR AT HIEL. AR RS AN = ) AR Y, T SR A T 1A S
T UHIE RGN AV )L, RORSR EZ AT i & A0 b 13&E F A, I PRIV I 2 At e it 1
UERINEFES S-S

EE&WE

E R BAR R E I U H (81271663), Wil BHSvHLilH _FIi H (2010C33123), {E M EFRF K2R
RIEHI(QTI06012), TRt H (201250155).
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