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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**
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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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Ao digt o] = NiTi 7|17= 28I <
S 43 mEA 2oa, v SHdME defe 2 vt
& AU fAHA ZF FHo] foldt A AAR B
Yo R g F U=F =9 T,

oheket AE NiTi sHdo] Alasa glom,
2} 1§73 rake angles¥ radial landsE
o] BdellA = G AAES] o] & Af:
g7} dubd o]t ProFile (Dentsply Mail
Ballaigues, Switzerland)- U-3¢] Tz} 37
¢l radial lands % 9] rake angle< Zt= %4
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|0 24 A Zge] ¥ Foha BaHet?. a2y, 7
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E—iﬂ s\)iq_lﬁl 16).

2o olgjg FAH S FH] Hoto] W RYE &
2]et A2 ProTaper system$l ProTaper Universal
(Dentsply Maillefer, Ballaigues, Switzerland)©] A%
5t ProTaper Universal®] F29F F3 2 1 o3¢l A
7] oA e U-g9 99 +2& =8t i8S 5
7N 22} Bkl

Aoz, NiTi g2 23 tloilx] 949 4= 9l
Al AP S Zheth NiTi A 3de 287 F o
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dold = lom, ofgfgt oA ke spde 7 g
Ap Bl 7] e FAAPE B3 9k
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ol vl 40| 1 v 2o & A JIFE
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NiTi 85 ztdo| =23 d7|

npo] A2 CT 270 (HMX, X-Tek Group, Santa
Clara, CA, USA)E °]-8-8}] Al 7k NiTi 2% (ProFile
.06/#30, ProTaper F3 % ProTaper Universal F3)
(Figure 1)& o} 2 pmuich 2703t A4 2719 FEE
f=aj9th 3309 vy @4 Tz (IDEASIL NX
UGS, Plano, TX, USA)< o83t A d& Aaef &
= Sl g HREY Gl e 55 vA 73
3t (Figure 1).

oGl 7o) 24 9 Adg o g o] Folzl WA 8AF o
ato] 7t st o] 3ak w4 om| A& wHEQdT A
ProFile &< 16318709 242 11880719 S4=
E014 31, ProTaper= 9017719 A4z} 7560718 2.4,
71831 ProTaper Universal 106687112 A4z} 896471
ol 942 FAHAY (Figure 2). 3de] Zold] that 4=
2 Hhgko o] A& 7-50 2 Mes}e]
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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:
The simulated condition of same bending distance, C;
The torsional condition of 2.5 Nmm with 4 mm fixation,
D; The same rotational condition of 10° with 4 mm
fixation.

7} B AR EL] Zof|x] FEE Gl om U] 714 shF X
Ae Y ks, €8 9% 2 vEd 89, 2
g vEE 4L = Aot (Figure 4). 3 WA Z:d
(Figure 4A)& 7} NiTi 99 ¢] # 7ol 1 N¢| Hsts= 7+
gt Ae oA FFE SAstd 544 2 94 (B ‘:ﬂa
/,ged )= Gzt goltt, F WA §8 e Bt AR
%S 7kete] 2 mE #3 Aol (Figure 4B). Al WA
Sl WA sta e LY HFIA 4 m F9E
T3t 1 E AFZE 2.5 Nmme] HEH 85 7}
AU (Figure 4C) 109 JAZFE FoJa Aolth
(Figure 4D).
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Table 1] Al7FA] NiTi 323} ] 714 85 2710l gt
W3 2 A yon Mises stress a2 2919t 23 o]
19 2= 58 vlwelA At

2 =74 sjolMel 22 2z bl

o HFel 1 N9 Hslsol 71siAs o, ProFile
4.59 mn, ProTapere 2.46 mn, 7183 ProTaper
Universal& 3.05 mn o} 2 3]0t} (Figure 5). AZ& o
Z, A 2 a5l Wi & FAd2 47 4.59, 2.46,
a2lx 3.05 m/Neolth. Hdl von Mises $38 #<

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,

the maximum stress concentration locations were measured from file tip

NiTi instrument Bending Torsion

1N 2 mm 2.5 Nmm 10°

deformation/rotation 4.59 mm - 0.995 -
ProFile .06 / #30 bending force/torque - 0.44 N - 25.1N
maximum stress (i) 577 wn 275 Mh 455 W 333 Mp

location (mm) 8.38 mm 8.38 mm - -

Deformation/rotation 2.46 mn - 0.691° -
ProTaper F3 bending force/torque - 0.81 N - 36.1 N
maximum stress (M) 349 Mpa 350 Mra 350 M 359 M

location (mm) 3.68 mm 3.68 mn - -

Deformation/rotation 3.05 mm - 0.826° -
ProTaper bending force/torque - 0.66 N - 30.2 N
Universal F3 maximum stress (Mp) 547 up 387 M 384 wn 388 wn

location (mm) 3.55 mm 3.55 mm - -
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Figure 5. The deflection and stress distribution under
the free-end loading. A: ProFile .06 / #30, B: ProTaper
F3, C: ProTaper Universal F3.
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Figure 7. Graph A showing the bending moment needed
to deflect. Graph B showing the torque required to
rotate the file under the restrained condition.
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Figure 6. Horizontal row A shows the von Mises stress
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distribution under the condition of 2 mm deflection. Row
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 $]X]9141 577 wn, ProTaper<] 3.68 mm
ARl 349 wr, 28] 3L ProTaper Universal®l 3.55 mm
AR A 547 ure] At} (Table 1) (Figure 6A).

g HEE 2 m oz #3]7] Y8iAE ProTaper
7F 7 =& 3 (0.81 N)& 282 g ¥h, ProTaper
UniversalZ ProFilee 7t} 0.66 N2 0.44 N9| 82 2
22 ek (Figure 7A). @ebA 8 34 (bending
stiffness values)< Zt7F 0.41, 0.33, Z28]32 0.22 N/mn
o sFETt. o] & @2 AT vy #AE B,
ProTaper Universal®] & Fl9A 387 wne] 74 &&
von Mises stress #t= WEFA S, ProTaper<t ProFﬂe
2 77} 350 w3} 275 w0l Tt (Figure 6A). ©] 1
g gheo] Yehde gdoM 9] A& dA Hats iﬁ"ﬂ
Ae] 7} st o] Aol €] 9]¢t T sirt,

HISZ = slollAMe] 83 2 H|w

7t 28d 2.5 Nmmo HE¥ o] Folx& df,
ProTaper7} 350 ue2] von Mises stressZ Y A& §
& el on, ProTaper Universal 384 M, ProFile
o] 455 w2 7} # &8 & YERIY (Figure 6B). ©]
o FEd 72 ProTaper, ProTaper Universal, ProFile
TO 2 0.691, 0.826, 0.995° ©]%At} (Table 1).

A3 AA BEger 1070 FE7] M Bad e

Figure 7Bl Yelit}. ProFile, ProTaper, 2 ProTaper
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Universaldll tigt B]E8 A€ 2= 251, 3.61,
3.02 Nmm/degree 2 ProTaper7} th2 gdo| vlaj o 2
3% FBew 3t} ProFiled 333 s, ProTapers 359
M, 18] 3L ProTaper Universale] 7 =& 388 wne] &
g 52 & 79 vedtt (Figure 6C).
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