LHSIA| B EESBIBIR]: Vol 33, No. 4, 2008

M7 x| L2 Elebs miele) 8T} 8|S TZ0l|M el
23 Sxol| Wt 3% [ERA 97

2D - OlRF - 2wl w5 2 Y
b e A9 AR AL EFLA, AN S Bkl e 71 B

ABSTRACT

STRESS DISTRIBUTION OF THREE NITI ROTARY FILES UNDER BENDING AND
TORSIONAL CONDITIONS USING 3-DIMENSIONAL FINITE ELEMENT ANALYSIS

Tae-Oh Kim’, Chan-Joo Lee?, Byung-Min Kim?, Jeong-Kil Park’,
Bock Hur', Hyeon-Cheol Kim'™*
'Department of Conservative Dentistry, School of Dentistry *Division of Precision Manufacturing Sysiems,
Pusan National University, Busan, Korea

Flexibility and fracture properties determine the performance of NiTi rotary instruments. The purpose
of this study was to evaluate how geometrical differences between three NiTi instruments affect the
deformation and stress distributions under bending and torsional conditions using finite element analysis.

Three NiTi files (ProFile .06 / #30, F3 of ProTaper and ProTaper Universal) were scanned using a
Micro-CT. The obtained structural geometries were meshed with linear, eight-noded hexahedral ele-
ments. The mechanical behavior (deformation and von Mises equivalent stress) of the three endodon-
tic instruments were analyzed under four bending and rotational conditions using ABAQUS finite ele-
ment analysis software. The nonlinear mechanical behavior of the NiTi was taken into account.

The U-shaped cross sectional geometry of ProFile showed the highest flexibility of the three file
models. The ProTaper, which has a convex triangular cross-section, was the most stiff file model.
For the same deflection, the ProTaper required more force to reach the same deflection as the other
models, and needed more torque than other models for the same amount of rotation. The highest von
Mises stress value was found at the groove area in the cross-section of the ProTaper Universal.

Under torsion, all files showed highest stresses at their groove area. The ProFile showed highest
von Mises stress value under the same torsional moment while the ProTaper Universal showed the
highest value under same rotational angle. (J Kor Acad Cons Dent 33(4):323-331, 2008)
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Figure 1. Cross-sectional and longitudinal geometry of three NiTi files. A: ProFile .06 / #30, B: ProTaper F3, C: ProTaper
Universal F3.
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Figure 2. Final FE models of three NiTi files used in Figure 3. The stress—strain curve of the NiTi material®.

this study: A; ProFile .06 / #30, B: ProTaper F3, C:
ProTaper Universal F3.
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Figure 4. Simulated conditions used in this study: A:

The simulated condition of free-end loading of 1 N, B: 2 =7 slojrM{el 2= Ex H|1
The simulated condition of same bending distance, C;
The torsional condition of 2.5 Nmm with 4 mn fixation, el FHo) 1 No| Ast3o] 74lAS W, ProFile

D: The same rotational condition of 10" with 4 mn

. 4.59 m, ProTapers 2.46 m, 1283 ProTaper
fixation.

Universal 3.05 mm o}l 2 31t} (Figure 5). 2742
2 A 2do] skl 3t ¥ FA8-E 244 4.59, 2.46,
g3 3.05 mm/Nolth, Hdl von Mises 53 g

Table 1. Calculated deformation and maximum von Mises equivalent stress results for three NiTi rotary
instruments under four loading conditions. Location of the bending deformation was at the tip of the file,

he maximum stress concentration locations were measured from file tip

def(;rmatior;/rotation 4.59 m )
ProFile .06 / #30 bending force/torque - 0.44 N - 25.1N
maximum stress (i) 577 W 275 vh 455 wn 333 Mh
location (mm) 8.38 mm 8.38 mm - -
Deformation/rotation 2.46 mn - 0.691° -
ProTaper F3 bending force/torque - 0.81 N - 36.1N
maximum stress (M) 349 un 350 wm 350 ur 359 wn
location (mm) 3.68 mm 3.68 mm - -
Deformation/rotation 3.05 mn - 0.826° -
ProTaper bending force/torque - 0.66 N - 302N
Universal F3 maximum stress (M) 547 uh 387 wp 384 M 388 wh
location (mm) 3.55 mm 3.55 mn - -
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Figure 5. The deflection and stress distribution under Figure 6. Horizontal row A shows the von Mises stress
the free-end loading. A: ProFile .06 / #30, B: ProTaper distribution under the condition of 2 mn deflection. Row
F3. C: ProTaper Universal F3. B shows the von Mises stress distribution under the
condition of 2.5 Nmm torsional moments. Row C shows
the von Mises stress distribution under the condition of
same rotational angle.
. ProFile®} 8.38 mm YJX|ol|A 577 s, ProTaper?] 3.68 mm
B N e ( R4 349 mp, 2813 ProTaper Universal® 3.55 mm
od b ProTaper AR A 547 uro] Q) (Table 1) (Figure 6A).
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Figure 7. Graph A showing the bending moment needed 9 AL 7+ ProTaper, PfoTaper Universal, ProFile
to deflect. Graph B showing the torque required to T2 0.691, 0.826, 0.995" 1At} (Table 1).
rotate the file under the restrained condition. B4& AA Bger 100 HEY] AsiA Zad P

Figure 7B Uelth. ProFile, ProTaper, @ ProTaper
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