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Table 1. Specification of experimental materials

Components Szes Materid
USII Fixture @ 4.1 mm X L 11mm Titanium Gr. 4
Ceament Abutment @ 50mm X H55mm TitaniumGr. 3
Abutment Screw M 20 x 04P Ti-6Al-4V
(Diameter 20 x Fitch0.4mm)
Flxtura Abutment
Mz g T
& 27 | 5.5
St PE.3 |
2.1 4.1 A

Abutment Scrow

1.7
—T 1

M = 04P

Fig.1. Schematic diagram of experimental materials.
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Table II. Material properties »=*

Materid Young'smodulus ~ Poisson'sraio
Fixture Ti Grd 105GPa 034
Abutment TiGr3 104GPa 034
Screw Ti-6Al-4V 113GPa 0.342
Corticd Bone - 137GPa 03
CancdlousBone - 137GPa 03
Table ITI. Number of nodes and elements at FE-model
Geometry Nodes Elements
Corticd bone AM,345 63531
Cancdlousbone 82314 55,685
Externd typefixture 130502 87,728
Cemented abutment 15,784 9,770
Abutment screw 26436 16,925
Totd 349,381 233639
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Fig. 4 . 3-dimensional FE-model and mesh shape.
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Fig. 5. Contact and boundary conditions of FE-model.
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Fig. 6. Application method of Loading Condition on the abutment screw.

Fig. 7. Principle of preload calculation.
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Fig. 8. Preload according to holding time of tightening torque 30 Ncm.

Table IV. Mean values & SDs of measured preload [N]

Tightening torque n Mean + SD* [N]
10Ncm 5 477+ 21°
20Ncm 5 1260 + 142
30Ncm 5 2530+ 97
40Ncm 5 39%6.7 + 29.1¢

*Same | ettersindicate vauesthat were not satisticaly different.
Table V. Preload [N] calculated by theoretical formula

Tightening torque
10Ncm 20Ncm 30Ncm 40Ncm
Preload [N] 206 181.2 2718 3624
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Table VI. Measured Preload [N] from FEA

Tightening torque
10Ncm 20Ncm  30Ncm 40Nem

Preloed [N] & Abutment and

Screw interface 813 1616 2382 342
Preload [N] a Abutment and
Fixtureinterface 813 1616 2332 342

Table VII. Maximum equivalent stress [MPa] on the abutment screw
Tightening torque

10Ncm 20Ncm  30Ncm  40Ncm

Tightenign torque

condition[MP] 193 3874 5.1 798
Externd loading

condition [MP] 4111 4064 601.6 800.7
Table VIIIL. Gap distances [mm] different tightening torque

Tightening torque
10Nem  20Ncm  30Nom  40Ncm

Gap digance [mm] 0.005 0.002 0.000 0.000
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Statement of problem: Loosening or fracture of the abutment screw is one of the common problems related to the dental implant. Generally, in order to make the screw joint sta-
ble, the preload generated by tightening torque needs to be increased within the elastic limit of the screw. However, additional tensile forces can produce the plastic deformation of
abutment screw when functional loads are superimposed on preload stresses, and they can elicit loosening or fracture of the abutment screw. Therefore, it is necessary to find the
optimum tightening torque that maximizes a fatigue life and simultaneously offer a reasonable degree of protection against loosening. Purpose: The purpose of this study was to
present the influence of tightening torque on the implant-abutment screw joint stability with the 3 dimensional finite element analysis. Material and methods: In this study, the
finite element model of the implant system with exteral butt joint connection was designed and verified by comparison with additional theoretical and experimental results. Four
different amount of tightening torques (10, 20, 30 and 40 Nem) and the external loading (250 N, 30" ) were applied to the model, and the equivalent stress distributions and the
gap distances were calculated according to each tightening torque and the result was analyzed. Results: Within the limitation of this study, the following results were drawn; 1)
There was the proportional relation between the tightening torque and the preload. 2) In case of applying only the tightening torque, the maximum stress was found at the screw
neck. 3) The maximum stress was also shown at the screw neck under the extemal loading condition. However in case of applying 10 Nem tightening torque, it was found at the
undersurface of the screw head. 4) The joint opening was observed under the external loading in case of applying 10 Nem and 20 Nem of tightening torque. 5) When the tighten-
ing torque was applied at 40 Ncm, under the external loading the maximum stress exceeded the allowable stress value of the titanium alloy. Conclusion: Implant abutment screw
must have a proper tightening torque that will be able to maintain joint stability of fixture and abutment.

Key words: joint stability, screw loosening, tightening torque, preload, FEA
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