B0k HSH WO R %o Ml ('R Vol. 50 No.5

20244F 9 A Journal of Jilin University (Medicine Edition) Sep. 2024 1259

[XEHRE] 1671-587X(2024)05-1259-07 DOI:10. 13481/j. 1671-587X. 20240509

EFTHME—mEBTFREMBFNETARE NS HERY
CBCTHM=%4BRITHH

(5% KBS, BR%, aBWY, Z5%F
(MR O B B 2 R 2 B8R, 5 Ak K&/ 130021)

[ E] B 50 N0 — a8 R E AR A A BT/ Hr i 8L 3 A ) 148 50 A i
(L 1A, R I R T A0SR — TS P AR TS SR W PR AR o ¥R e R 21 B R SO B AL 2
(CBCT) K& BEEEMES, 4 CBCT JF4H %5 DICOM # X302 A Mimics 21. 0 8 fF, I & #5
RS — B MRARIL 3. 6. 9M 12 mm AMBE HAI BT BAR MR, 7R LR A =T R4 4L
FIHHL = g AT RO R M HRA . I R EA WALl . WA WAL 0. 06 4 B SR #5417
ANSYS Workbench 17. 047 FR T4 45 4 v, X 4 L0819 7 ARV 43590 fti i 200 N2 fif , 43477 45 41 6
— WA A AR ZN S . B5F: W T — 58 A RISl 3~6 mm Bt . 6~9 mm B 9~12 mm Bt
() AR A5 B AT, I T 1 BEAR AR FL 3~ 6 mum AR B A A 5 S0 1] BEAR 2R AL 6~9 mm B AR A 4
FHEIR0.29, KRFMRARL/3FM E1/3. EME R AT, 40T 05 — 0 B 25 2 A 504 1 ) i {8 4K
WK, 239k 4.6936. 16.304 0, 14.278 0F118.682 0 MPa, i K E W45 4152 Sy rh TR A5 BE H.
By ek, 5 A A 32 )b AR T ELAS BRE N ) B/ FROR ELARTA AL, 0. 06 HE BE 45 b 19 4
R HER TR L/3HMEM . G TS — 17 S HA MRS 24 R RE s, b
Tia] I AR B S HE A 22 R, R A SO AR A BE A N AN TR, 388 B YT AR A Y A
T ek

[kBE] TP, WEERE;, WEWL; BRIV W5

[FESES] RTS8 [XHkiREAD] A

CBCT and three-dimensional finite element analysis based on
differences in dentin stress distribution before and after root
canal preparation of mandibular first premolar teeth

JIANG Xinmiao, XU Zhibo, ZHEN Yuqi, BAIMA Quzhen, MENG Xiuping
(Department of Endodontics, Stomatology Hospital, Jilin University, Changchun 130021, China)

ABSTRACT Objective: To analyze the root canal diameter of the mandibular first premolar by using finite
element analysis to simulate the stress distribution of dentin under three different preparation methods,
and to provide the basis for clinical root canal preparation strategies of the mandibular first premolars.
Methods: Twenty-one patients with complete cone beam computed tomography (CBCT) images were
selected. The original DICOM format data from CBCT were imported into Mimics 21.0 software to

measure the root canal diameter at 3, 6, 9, and 12 mm from the apex and the root canal taper was
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segmentally calculated. Based on this, three-dimensional finite element models of the dental and
periodontal tissues were constructed. Control group, maximum diameter preparation group, uniform
preparation group, and 0.06 taper instrument preparation group were designed. In ANSYS Workbench
17.0 finite element analysis software, a 200 N load was applied to the buccal, lingual, and occlusal
surfaces in various groups, and the stresses on dentin in various groups were analyzed. Results: The
analysis of root canal taper at 3—6 mm, 6—9 mm, and 9—12 mm from the apex of mandibular first
premolar teeth showed that the taper was similar in the mesial-distal direction at 3—6 mm from the apex.
The average taper in the buccal-lingual direction at 6—9 mm from the apex was 0. 29, which was greater
than the taper in the apical 1/3 and coronal 1/3. Under the same load, the peak stress values in dentin of
mandibular first premolar teech in various groups were increased sequentially: 4.693 6, 16.304 0,
14.278 0, and 18.682 0 MPa. The stress in maximum diameter preparation group concentrated on the
canal wall with the highest stress value. The stress in uniform preparation group concentrated on the root
surface, and the stress values on each section were lower than those in maximum diameter preparation
group. The stress in 0. 06 taper instrument preparation group concentrated on the apical 1/3 of the root
surface. Conclusion: The root canal of the mandibular first premolar has a unique elliptical taper shape,
and there are significant differences in diameter and taper between the mesial-distal and buccal-lingual

directions. Different preparation methods result in different stress distributions on the canal wall, and the

uniform preparation is the best method for enlarging the canal.

KEYWORDS Vertical root fracture; Root canal diameter; Root canal preparation; Finite element

analysis; Stress analysis

HRiT, AREIRIT ARG TT A $ 0 F1AR 2R J&] 9 1)
e A A Ry J7 2, BAR D BRAL AE AR A T A
ARSI Y R EZRERITE A
WA RN K AR BT E Y, ik 3.69%~
25.00% ", B 5 AR TR YT i R oo AR A
1Y) H T BOR R RN R LURZ A A k. B
g8 R s I TP AR BN B IR ARG TR 5 R A
FRYPEL, JoHIEHAE IG5 I A IR RL0 &
AR ARG EIRIT TS 2F 0 2% . R 1 BEAR T
FRRERIT R AP AR, eI R
fiff FA R A5 FHE BE , 7E 85 KRR BE 26 R IR O A I 1 1
DU, RS AR TR U R L 124
1k, IO ARSI T 28 8 AR AN 434 2 Y —
Tl R 6 [v] Fsf 425 o) A A8 e R i /b oF iR S8 % 2B R
A PA SR WG, A BIF 58 WOAE i R HEJE T H S HLT 2
H 4 (cone beam computed tomography, CBCT)
WZ KR, R Mimics 21. 0 5245 B &, 43 #r
TS — S AR B RN R, SR R T
AR AL 3 b AN [ AR A I A 48 X 2R AR B Y B )
A, AT RIS — T AR A T SR W K T A g A Y
TEFR A HEAR AR

1 #RE5HE
1.1 — xR EEE WEEHRKRFEDORE

B Bt o 1 it B2 JF 4% CBCT 1Y & 21491,
Wil AL 2 45 T A 2 O A 0 5 — WO 2R o AN AR
#E: CBCT 528 AT W 20 B T 6555 — i 2 2F AS ot
RGN ; BEEE PR A AR RGN AR, AR
EIU R RMTRERTEUEE s N R
JR R LW LS E . CBCT AL (25 2% ProMax 3D 24
), Mimics 21. 058 (L FI B Materialise 23 &) ),
Geomagic Wrap 2021 4k 4 (& [® Raindrop 2 Al ),
Solidworks 202184 (5[ Dassault Systemes/Z3yH] ),
ANSYS Workbench 17. 0% (36 ANSYS/ZA ).
1.2 BEXTHAF—WEIRFTAZMNE K210
B CBCT J 45 %4 48 19 DICOM #% =8 X4 & A
Mimics 21. 0 8, 2R FH K BE 5 {5 4 52 7R 2 A ot
JE IR CEITA) o F ) 308 A 7 A 2 L A B A 2 AL
3. 6. 9K 12 mm ML R, K H CBCT ik %k
# 9 DICOM #% X 3C 15 A Mimics 21. 0 #cfF, il
I ) AR AUEE W AR (BT1B) .

1.3 FHAR=SARAENES N2 HEH
f9 CBCT I8 rb ik £ 1491 75 B )% 45 i 19 DICOM #%
KRG, R Mimics 21. 084 k47 =4 d
R 1R (B IO Rl 0 A AR ) = TR LR A
HSTL#E UM, T A Geomagic Wrap 2021 # 14,
AT RBRETIRY . v/ W | DR b B AT S



TR — B MR A AT AR BN A 43 A 95 0 CBCT M =4k A R oe o 1261

A

A: a—epresented 0, 3, 6, 9, and 12 mm from apical foramen,
respectively; B: Root canal diameters measured by Mimics 21.0.
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Fig. 1

root canal diameter of mandibular first premolar tooth

Schematic diagrams of measuring methods of
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Fig. 2 Establishment of root canal model in control group
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A': Control group; B: Maximum diameter preparation group; C: Uniform preparation group; D: 0.06 taper instrument preparation group.
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Fig. 3 Schematic diagrams of preparation methods of root in various groups
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Fig. 6 Schematic diagram of mesh division of finite

element model of mandibular first premolar
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Tab. 1 Mechanical parameters of dental tissue, periodontal

tissue, and filling restorative material

Material/structure  Elastic modulus(P/MPa) Poisson’s ratio

Enamel 80 000.00 0.30
Dentin 18 600.00 0.27
Endodontium 2.07 0.45
Gutta-percha point 0.69 0.45
Alveolarbone 13 700.00 0.30
Parodontium 68.90 0.45
Compound resin 12 000.00 0.30
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Tab.2 Root canal tapers of mandibular first premolar teeth
(z3s)

Root cannal taper

Group

Mesiodistal Buccolingual

Distance from anatomical apical foramen(mm)

3—6 0.06£0.04 0.13+£0.09"*
6—9 0.060.04 0.2940.19"
9—12 0.0640.04 0.1640.22%

"P<C0.05 wvs mesiodistal root canal taper; “P<20.05 vs root canal

taper of 6—9 mm from anatomical apical foramen.
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A': Control group; B: Maximum diameter preparation group ; C: Uniform preparation group; D: 0.06 taper instrument preparation ;

E—H: Stress maps in control group; I—L: Stress maps in diameter preparation group; M—P: Stress maps in uniform preparation group;

Q—T: Stress maps in 0.06 taper instrument preparation group; E,1,M,Q:3 mm from apical foramen;F,J,N,R:6 mm from apical foramen;

G,K,N,R: 9 mm from apical foramen;H,L,P,T: 12 mm from apical foramen.

BL7  xk BRI 3 Fh R AR B AR A W T 4 T I

Fig. 7 Finite element analysis diagrams of control group and three different root canal preparation models
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Fig. 8 Curves of stress on dentin
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