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Abstract

BACKGROUND: Abutment screw loosening is one of the most common mechanical complications in implant restoration. Mechanical wear, as a potential cause
of thread loosening, warrants attention due to its impact on mechanical performance and long-term stability. However, studies on the mechanical effects of
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thread wear in abutment screws remain limited, and no definitive conclusions have been reached.
OBIJECTIVE: This study investigates the effects of different mechanical wears on the internal connections of dental implants under dynamic loads, specifically
looking at the spatial stress distribution within the implant system. The aim is to provide a theoretical foundation for the clinical assessment of the long-term

stability of dental implants.

METHODS: Establish three-dimensional finite element models of Morse taper implant systems with central screw thread wear levels of 0, 0.1, 1, 10, and

100 um using SolidWorks software, and perform simulation analysis with Ansys Workbench software. The implant models are inserted into artificial bone
blocks (simulating type Il bone quality, with a cortical bone thickness of 2 mm on the outer layer and cancellous bone inside). The buccolingual loading forces
were 300 N obliquely (30°) respectively on the centroid of the abutment. The von Mises stress, principal stress, displacement, and fatigue life of the abutment,

central screw, implant, and bone tissue in the five groups of models are analyzed.

RESULTS AND CONCLUSION: As the degree of mechanical wear on the central screw thread increases, the von Mises stress, principal stress, and strain in the
implant and abutment also increase. Stress concentrations in the model are primarily located at the top of the implant, the neck of the abutment, the shoulder
level of the implant, and the edge of the abutment base. Under moderate wear conditions (210 um), the fatigue life of the implant system decreases by 30%,
and the maximum von Mises stress of the central screw decreases by 37%, with the stress still primarily concentrated at the transition area between the

head and the body of the central screw. Under significant wear conditions (>100um), the von Mises stress of the central screw decreases by 98%, with stress
concentrated at the screw head, and the fatigue life of the implant system decreases by 63%. When the wear level of the central screw thread reaches >10um,
the risk of screw loosening significantly increases, and the fatigue life of the implant system is markedly reduced, warranting clinical attention.

Key words: Dental implant; Abutment screw; Mechanical wear; Thread wear; Screw Loosening; Mechanical complications; Morse taper; Implant stability; Finite

element analysis (FEA)
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Figure 1 | Finite element model of implant system and bone block
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Table 1 | Mechanical parameters of materials in each part of the finite
element model

M VLR (MPa) THRA R (v) R IR
(MPa)

5AEYUER (SRR R AR ) 113800 0.34 880
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B 13 700 0.3

FA S E 1370 0.3
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Figure 3 | Schematic diagrams of
the way to applying force
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Figure 4 | Structure diagram of abutment and abutment screw
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Figure 5 | von Mises stress distribution of the abutment models MWO-
MW100
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Figure 6 | von Mises stress distribution of the implant models MWO-
MW100
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Figure 7 | von Mises stress distribution of the abutment screw models
MWO0-MW100
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Figure 8 | von Mises stress distribution of the bone block models MWO0-
MW100
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Figure 9 | Principal stress distribution of abutment (A), implant (B),
abutment screw (C),bone block (D) and sectional views of the models (E)
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Figure 10 | von Mises stress of each model group

F 2 | BRI ERPIERE IR R K Von-Mises [ 7] (MPa)
Table 2 | Maximum Von-Mises Stress (MPa) for Different Mechanical
Wear Scenarios in the Model

g a Tl A RPN 22 HHH
MWO 537.55 436.17 517.03 83.12

MWO0.1 537.77 436.88 515.78 83.153
MW1.0 538.07 439.17 467.26 81.118
MW10 555.7 442.76 325.98 80.213
MW100 612.94 44231 11.54 81.986
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PN SR E TN R W WL R ek DI 1e P N
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11.04 MPa. [FJI), 1ZB B Hh SR 2 1) s g 8 K T B
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1% 2] 5% = (1) 20 000 000 X, R HY T 9% 57 M 2k (1) e =i (B
14, % 6).
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Figure 11 | principal stress of each model group
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Figure 13 | Maximum displacement of each model group
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Figure 12 | Equivalent strain of each model group
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Figure 14 | Fatigue life of each model group

Table 3 | Principal Stress (MPa) of Each Component in the Model Under Different Mechanical Wear Scenarios

TR GRS FEGIERT) FREARRIN Ty FHERIERIS)  FRORIRZZT RS R T N g GRS YL )
MWO 289.78 -304.45 276.49 -53.503 559.21 -68.445 38.267 -6.099

MWO.1 288.95 -277.38 283.53 -43.411 550.64 -61.802 38.34 -6.016 4
MW1.0 295.87 -274.3 288.2 -45.756 499.15 -58.091 38.055 -6.181

MW10 313.37 -268.6 271.29 -78.074 358.34 -47.737 37.526 -6.3594
MW100 357.42 -267.22 273.34 -33.969 11.037 -2.6971 36.012 -6.4202

FiE: MWO, MWO.1, MW1.0. MW10. MW100 735l SRt 22 MR SU 42 3 [ A LS 52 2 23 7y 0, 0.1, 1, 10, 100 pm.

# 4 | BUTEWAER P & M SHEE

x5 | REITENMERDES . hRIBLRARTE (mm)

Table 4 | Equivalent Strain of Each Component in the Model Under Table 5 | Maximum Displacement (mm) of the Abutment and Central
Different Mechanical Wear Scenarios Screw Under Different Mechanical Wear Scenarios

LAY G FEREREN L 2 R N L 2

MWO 0.004 7236 0.004 154 0.004 543 3 MWO 0.109 1 0.039 508

MWO0.1 0.004 7256 0.004 160 8 0.004 532 3 MWO0.1 0.113 44 0.041 219

MW1.0 0.004 728 2 0.004 182 6 0.004 106 MW1.0 0.113 65 0.041 28

MWwW10 0.004 8831 0.004 216 8 0.002 864 5 MW10 0.115 84 0.041 831

MW100 0.005 386 1 0.004 2125 0.000 101 4 MW100 0.118 47 0.047 632

FyE: MWO, MWO.1, MW1.0, MW10, MW100 7}y RIZLZIREOEFRL M) RJE: MWO. MWO0.1, MW1.0, MW10, MW100 7} 5y e 22 W3 430 % 152 3K 1T 1)

HUBRIE B2 730 0, 0.1, 1, 10, 100 pm,
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F6 | BURENMER PR ZRAESHFS (BAR)
Table 6 | Fatigue Life (Million Cycles) of Each Component in the Model
Under Different Mechanical Wear

R R 3s) Tl h JedR 2 MRS
MWO 23183 14.375 3.1888 23183
MWO.1 23108 14.154 3.2534 23108
MW1.0 2.3005 13.457 7.6228 2.3005
MW10 1.7754 12.478 20 1.7754
MW100 0.835 12 12.595 20 0.83512

FKiE: MWO, MWO0.1, MW1.0, MW10, MW100 435l Ay o S iR 22 iR 4 7% 2 3R THI )
HUBBE SRR 42525 0, 0.1, 1, 10, 100 um.

3 11 Discussion
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