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Abstract: Objective To investigate the effects of implant length, diameter, and abutment angle on bone stress
distributions around maxillary central incisors, and determine the optimal parameter combination. Methods A
three-dimensional (3D) model of the maxilla was reconstructed based on CBCT data. Using an orthogonal table,
a total of 16 dental implant 3D models were established, varying in length, diameter, and abutment angle. These
models were assembled with the maxillary and rigid-body models. Finite element analysis was performed using
the transient dynamics module of ANSYS. Orthogonal experiments and one-way analysis of variance (ANOVA)
were conducted on the obtained stress data. Results The implant diameter showed a statistically significant
effect on the maximum von Mises stress in cortical bone ( P=0.010), while implant length ( P=0.229) and
abutment angle ( P=0. 844) did not demonstrate a statistical significance. The optimal parameter combination for
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cortical bone stress was 5. 0 mm implant diameter, 12 mm implant length, and 0° abutment angle. In cancellous
bone, implant length (P=0.001), diameter (P=0.011), and abutment angle ( P=0.013) all had statistically
significant effects on the maximum von Mises stress. The optimal parameter combination for cancellous bone

stress was 14 mm implant length, 5.0 mm implant diameter, and 5° abutment angle. Conclusions

Implant

diameter significantly affects the stress of both cortical and cancellous bone. Clinically, a larger diameter should

be preferred to reduce the stress peak. Implant length is the next most important factor, while abutment angle

has the least effect.

Key words: impact load; maxillary central incisors; implant; abutment angle; orthogonal experiments; finite

element analysis
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Fig.1 Maxillary 3D model (a) Cortical skeleton view,
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Tab.2 Orthogonal tests
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Tab.3 Material parameters of dental implants and bone tissues
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iR 22 (5K) 110 0.35 4510
B IR 13.7 0.30 1740
AT 1.37 0.30 900
% 70 0.19 5 000
gtk 200 0.30 7 850

1.4.2 M#&X o FEE Rz 5EE M RIT
FRSE R 0.3 mm, 4@ B 5 56 1 B0k R SF R
0.8 mm, JFZJFUE SWAUERBIE AR, T R WA
A S BB AL 2N e O, bR T 5 R AN S i
SORERE A0 R E e bl I A0 43 A bl B > 4%
BRAK, K Bz B RS BB S AME AR S R A 4h 5 mm
DI B BATCAR RS 0.2 mm, HiA ik B 3h %)
I%o KT BE AR o () G BRPE RS A T I A% TG
KMo, S5RFM, YRR RS 0.2 mm i —25
1k 2 0.16 mm B, N I3 53 A 45 2R 19 1% 25 U
1.27% , BEAh, 2R ERIR EAZH 5 mm /N2 4 mm
B, I 1 AR 45 R B 2N 0. 19%

1.4.3 #fkbwd SEHS TR0
B TCEEE ) SRR B H | 3 s [ 25



=R, E. MERE VT HERE NS ITRERSERL

LI Tianxu, et al. Stress Analysis and Optimization of Structural Parameters for Incisal Dental Implants under Impact Loads 219

AR 2B 2 TN el | A 2% A TR ok 15 249 Sy 6
FE RIS, R T AR AT A X R AR 1) A2 3R
5T & @RI 30 mm/s, J5 I VRAR A 2 Bl
PR RAEALRENT 2 JhoF-R% . 1%07 0]y HEH-F- T 1)
HEFITI), 5 AR UL KAl 7 1) 3 R 120 ~
28° A A5G Im IR WL e A E D 2, s B
OV BOE A e 2, % b JelR 22 3508 U5 )
H 150 N, A5 REE 2 0.1 s, Wl IR B[R] 20K Ry
1 ms, Fe RAFEEK A 10 ms, /RIS KA 10 ps,
1.5 EXRESBREZRAESH

ffi ] SPSS A B AR i A, B BT S B o1 Y
Fx K von Mises W ) IR i AYF K von Mises v /]
Oy RIVEN RS B KB AR S B A AR D L E
R ] S-N-K AR Ry = J5 4 30 U v, A 324K
AR WL ] — 7K P TT x ig PR 3R A 5 6 245 2R
BIE & AE— P ZKF kERHR2E R, B0 2 45
AN ZR PR B A KF O R R A Y R R K A
B o WL T IATRI 0 A 96 3 v i) J 2B S ki 2% >
RIR 1 & 1

2 #R

2.1 ERB5MREBEN NS
5 ANSYS 4355 16 4R 57 o7 1
FA T H B K von Mises W 1], 45 R L& 4,

x4 ARETSMER

Tab.4 Finite element analysis results
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Fig.3 Equivalent stress contours of bone tissues around
the implant (a) Model 1, (b) Model 10
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Tab.5 Factor significance levels
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