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Application of finite element simulation in preventing torsional fracture of nickel-titanium root canal files
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[Abstract] Objective This study aimed to predict the maximum allowable torsional moment and rotation angle of
nickel-titanium root canal files after jamming during root canal preparation to prevent torsional fracture. Methods Finite
element simulation was used to calculate the stress distribution of the file and the torsional moment at the file handle
when the file continued to rotate after jamming. The effects of factors, such as file and root canal morphology, on stress
and torque were investigated. Results  After the Von Mises stress reached the material phase transformation point (400—
600 MPa) during the continued rotation of the jammed file, the “torque—rotation angle” curve entered a plateau region.
When the local stress at the cross-section reached the material fracture strength (>1 000 MPa), the torque did not change
significantly with the rotation angle (i.e., remained in the plateau region) due to the non-uniform stress distribution (coefti-
cient of variation: 0.65). Depending on the file and root canal combination, the torque at fracture ranged from 0.5 N-mm
to 3 N'-mm, and the rotation angle ranged from 200° to 400°. Conclusion Finite element simulation can establish a nu-
merical relationship between the fracture stress of the file and the allowable torsional moment and rotation angle in the
file—canal system during root canal preparation jamming, thereby providing warning parameters to effectively prevent
fracture incidents.
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Fig 1 Geometry of the endodontic files and root canals
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Tab 1 Parameters of the constitutive model for NiTi alloy
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Fig 2 Stress-strain curve of NiTi shape memory alloy
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Fig 3 Boundary conditions and loading method
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Tab 2 Cross-sectional shapes of endodontic files and

root canal variations as the variables
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Tab 3 Relative orientation angle of endodontic file

cross-section to root canal as the variables
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Tab 4 Pitch of endodontic file as the variable
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Fig 4 Von Mises stress and torque of the endodontic file after binding in the root canal during rotary preparation

Bl4 47 om . BEfs g 4 i e o g om %)
IR 055 HE T B X RV R BEFL A ff R B 22 12
FE A N

PR — R, S RN T SRR ITFE 2 Fh
HRAE H G JE R B 5 85 i (R A AR 2 AR
20 A [A] 4y A5 7E 0.3~3 Ne-mm) DA &2 J&) #F £ K Von
Mises i J7i5%] 1 000 MPa iX 2 ik 2 1% Von Mises
IR T (W= SR v | G B S RAIDI B - % AT
Von Mises i 11 43 #ii J}y 400~600 MPa, & #l £ %1
0.15; JRy#Rix K Von Mises Jif J735%] 1 000 MPa I,

71 7] #% 1 Von Mises Jvf 7] A 400~1 010 MPa, & #H{
FH00.65. HN 2~ B Bon . AR SR A AR
T, N IR ER SCRAEE, 70 71 Y i K
IO 3 RS2 0% 3 M 25 AR /N, RS2 e FE 24 45K Von
Mises W 7735 5] 1 000 MPa & 47 B WEAE I S, #x
K7 B A H B R B SR X 3k, ~F-4%) Von Mises
N 3 AKPATS 5 45 5500 J1 A (400~600 MPa) AHY,
X5 A AR G A b R R YR RE AR A
RIfE— B Xy (EPARAR G AR X)), AR AR AR AR K
T 1 AR AR /N



* 700 »

[E PR M BE2E 4555 International Journal of Stomatology

2026-09 53(5)

v |

:601.589

il MPa
600

550
500
450

400

—
—

//"’E

350

‘l/\
fax:: 605.854

m

ix; 603.936

G, . =595 MPa

o, =606 MPa

G .—004 MPa

=300

5,,=602 MPa G, =586 MPa

1-1, f¥Efa110°

6,,~597 MPa

X

Mx: 1015.78
0, =1 016MPa o, =1047MPa ¢ _=1027MPa

-1, #1750 12, HEEFA3300 2-2, 4143300

1-2, 51800 2-2, JFEf180° 1-3, HH5fi85°

Wax: 1075.05
N

6 =1075MPa
1-3, HFf150°

1-4, M550 1-5, HEEFHS0°

MPa
1100

1000
900
800
700
600
500

400

o, =104l MPa o, =1013MPa

X

1-4, fHEEfM95° 1-5, HFEM175°

[E1 5 A 0 AE AR A o oL T 4 SR 3107 65 X 45 450 FH Von Mises 1w 7735 %1 1 000 MPa B 1) Von Mises v 7143 4ii 2 &1

Fig 5 Von Mises stress distribution contours of the endodontic file when the torque at the tip reaches the plateau inflection point and the Von Mises stress

reaches 1 000 MPa
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Fig 6 Influence of endodontic file cross-sectional geometry, relative orientation angle, and pitch on its Von Mises stress and apical tip torque
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