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Construction and Analysis of Finite Element Models for Oval Root
Canals after Preparation with Micro-Crack
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Abstract: Objective To analyze the stress distributions of two root canal preparation shapes of oval root canals
with micro-crack. Methods Twenty single-canal mandibular premolars with oval canals were expanded to create
micro-cracks. Roots were sectioned after staining. The generation and distribution of dentin micro-cracks were
observed under microscope. Then a finite element (FE) model of sectioned enlarged oval canal roots with micro-
cracks was established. The stress distribution of micro-crack and root were analyzed under lateral loading.
Results Cracks always appeared in the buccolingual sides of oval canal roots and extended from the intracanal
wall to the root surface. This was consistent with the stress concentration on the buccolingual side of the root
canal wall shown by FE analysis. When micro-cracks occurred, stresses were transferred to the crack tip and the
peak values increased sharply nearly 5 times. This made the cracks propagate easily along this direction,
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especially in the long axis direction of the tooth. Conclusions The presence of micro-cracks does not change the

general stress concentration on root with two preparation morphologies of oval canals. However, the micro-crack

causes an extreme stress concentration in the crack tip. This may be the mechanism of rapid propagation of

microcracks into vertical root fracture, and dentists need to pay high attention.

Key words: oval canals; root canal preparation; micro-cracks; stress distribution
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Fig.1 Simplified finite element modeling of the roots (a) Two
root canal preparation models ( cross sections), (b) Location
of micro-crack in model A2, B2, (c¢) Mesh at the model with

micro-crack (sagittal plane)
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Tab.2 Occurrence of dentinal micro-cracks in different sections of
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Fig.2 Dentinal micro-crack observed in root section
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Fig.3 Stress distributions of two root canal preparation models
(a) Cross-

with or without micro-crack under loading

sections, (b) Buccolingual plane of models

TE B S, L s,

i -REII I,

BTSSRI T 5 AT UL, I S (AR A 1
1B S IR R BRAL RS | H ARSI R/ N X
BB 5 AERS S R ST (UL 4) , AL A
M BE S K J7 i 2. 264 MPa 3 K % 13.294 MPa,
FEA B [ 1.917 MPa # K % 10. 596 MPa, 24
E%W%ﬂﬁé@%%ﬁ&fﬂ@ﬁ%ﬁh,H%rﬂé&ﬁﬁw

FIUEAE I I B 5 FU 55 A 7 o 2 U AR )
r“ TV B, TR S ] AR o Ak, A 8Y A2 A
R B2 (=5 24 25. 5% , i 7F S 2R SUAR ) 42 vy Ak, 55 76
A2 BRI B2 AIREY 71. 9% (W3 3) .

R F7/MPa

2.40
2.18
1.96
1.74
1.52
1.30
1.08
0.85
0.63
0.41
0.19
-0.03
-0.25

(a) HEAIA2
B4 FHBRGERN NS HRRRKEY

Fig.4 Stress concentration of oval root canal models with
crack in sagittal plane (a) Model A2, (b) Model B2
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