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The Influence of Length-Diameter Ratio Difference on Stress
Distribution at Dental Bone-Implant Interface

ZHOU Yulin, MAO Zhihong, WANG Jiansheng, JIANG Li

( Division of Intelligence Manufacturing, Wuyi University, Jiangmen 529020, Guangdong, China)

Abstract: Objective To investigate the differences in stress distribution at the bone-implant interface of dental im-
plants with different length-diameter ratios, so as to provide references for the design of novel dental implants.
Methods The three-dimensional finite element model of mandible was established using Geomagic studio, Solid-
Works and ANSYS Workbench software. The mandibular molars were applied with different vertical or oblique
forces, to compare and analyze stress distributions on dental implants and the surrounding bone tissues.
Results Under the same length-diameter ratio, the maximum peak equivalent stress of implant under oblique
loading was significantly higher than that under vertical loading. The Von Mises stresses of implants in Group A
and Group B occurred in the neck under oblique and vertical loading. Under oblique loading, the implant stress
variation in Group A and Group B was 144. 74-374. 67 MPa and 161. 52-475. 38 MPa, respectively. Under vertical
loading, the implant stress variation in Group A and Group B was 101. 28-187. 40 MPa and 110. 08-210. 32 MPa,
respectively. The maximum Von Mises stress of Group A was significantly smaller than that of Group B.
Conclusions Dentists should focus on a length-diameter ratio of 2. 67 to select the standard implants, and the
jawbone quality of patients should be taken into full account.
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Fig.1 Schematic of implant parameters
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Tab.1 Maximum equivalent stress of implants in two groups

MPa

A%

B4

RD/mm 2.43 mm 2.50 mm 2.67 mm 2.80

mm

2.43 mm 2. 50 mm 2.67 mm 2. 80 mm

OF VF OF VF OF VF OF

VF

OF VF OF VF OF VF OF VF

3.5

Fi 194.53 139.28
o4l

iy

L]

216.62 139.28
199.45 165.76
144.74 118.55

225.20 203.08 145.81 202.96
278.82 197.18 120.34 213.25
222.09 161.52 194.19 216.82
181.64 168.74 139.17 185.34

144.32
118. 84
210.32
114.24

" 4.5
5.0

220.95
175.49
211.98
190. 98

146.42 212.80
175.30 272.14
130.54 223.76
117.51 191.75

132.42 143.72 194.81 130.41
160. 14 125.11 241.65 174.10
134.45 160.67 226.44 112.90
121.92 118.60 187.58 115.03

230.42  136.86
192.60 187.40
175.98 119.40
203.40 118.65

3.5
4.1
4.5
5.0

297.64 139.08
234.48 154.07
197.22 105.37
290.78 130.17

305.68 311.33 176.41 379.26
212.52 293.51 134.85 371.41
287.32 325.02 163.57 321.53
286.56 410.41 119.25 250.97

160. 22
136. 69
170. 20
112.01

Fih
FH

J&
L

287.43
270. 35
248. 85
276.43

178.02 311.46
156. 11 475.38
174.87 412.99

150.56 164.35 334.68 141.92
156.36 108.72 295.51 101.28
110.08 123.67 299.97 126.40
112.77 368.10 132.31 114.11 328.96 145.33

314.42 111.42
285.82 104.09
238.18 164.16
374.67 110.12

Wig

I A B IT 43 A B SR AT R A 1N 7 43 BT 1Y)
FIER 2 A B A R OCRI AL, H FrRh e R =4k
A MR AL Z 2K F CAD/CAM AR #E45% R R
T PR RO B ARSE B R B AL, AR SCAE Ueda
SRR SR b E— b S S R R AR R R R
B Ay |3l i Geomagic | SolidWorks AT BB
SHEREAY 4 e L 4 B AL 38 5 SolidWorks Al
ANSYS BYTCAEHE 1, A5 0 B A 8 B 5 e 1) 44
itk

G5 RERI], A BERTE P A AT T, AR JLF
HAE T E AR A 25T e 5 Ak 355 i R v v 1R
S S L AR B e e O — B, TR S B
B Y SR i R T AA B, TEAR R A2 AL R I i
MR IR, RNy st A [ ki 0
(B A AR S | 2 0 480 B AR 3 7 (1 24 A 4%
) INZRHY 1.5~ 3.5 A%, R4 1] 2 fiy BE 2 5 7 A= o 1 4
HAEI S E T ROR A R e/ 2 R R 1 2% o A
M5 EHSNOE SR S A, PR Ty 1 X
LA - B SR TET ) 5 M A SR AR 2R S R, T A4 i) g T
e [ FIKF- 0] b o3 fife , (A5 iR A 1V ) 46 rh i
DU 25 DRI, PR AR R 32 14 1 A S Ak
HRRZEEEE N, KZ2K2.5~2.67 JEH,
HAE 4.1 mm 0 S AT R SRR AR AR SR BT
X5 TR (I A5 ARAT , BITE AU A A B
S P, B0 5040057 2 A VEFE 4.1 mmx 10 mm FY
PR, BAE4.5.5.0 mm FAEIRBERE K AR L 2. 67
R TR i 5 ZE Y PR a5 R — 2, I
IR TR AR LY 2. 67 HEAT T A0 2 AiAF A AEL A

BRI e £, A Straumann Fp fE R AR 2R G0, 31
FEHHEAE 4.1 mmx6 mm 4.1 mmx8 mm 4. 1 mmx
10 mm 4.1 mmX12 mm.4. 1 mmX14 mm . 4. 1 mmX
16 mm, A PG KA 1 2.67 W14 £ 4.1 mm x
10 mm AR FPAE A 5 177 Nobel A7 #E Al 4 5 458 7]
PSR AR 2.67 W12 EHE 4.3 mmx 115 mm,
5.0 mmx13 mm (FRERIE IR, Ueda 55177 AR5
07 ¥ BRAE , 455 A BRIT O BT 5 B4R 58 B2 o B R
JE AR SRR R AR B AR AR B AR A
e B E) , 25 2R SR B R o B R R R o
R —E BT OL T, B 5 T8I 18 e R S5 00 AR 1 A8 52
ELARASZ MR, AT Ay R A A [ B B 2%
TRYER/NRSE, P, e R FR R AR AR AR
A KA B DER OO AR I R AR B 22 S ik
Frm IR+

WFFE R AR B0 17 g A 557 28877 LA K%
FARARIR S 70 Al MR A R R B DDA O, il i ol R
PR A 2 W51 AT DA oo i 5 %0170 (H H i
fief A7 5 TR R AR ST A T R S0 B X AR TS A
HEEE W DO HRE o AR SO A B A AR
SFARIRLCEEHE K] L 53 B R A A [] 2 A 7 1) 15 0
RSSO ) 22 R DL, SEERAE SRR,
FRTRI 2SR B 55 15T, SO AT BRECR AR A L g W (L
U TCHRECRRE A /)N | 385 o A 2538 5 HG ) el 2
UL R 1 A, 4R R4S A R A R TR h

BOA% S R4, U 2 A Aol I AL
4 it

TREL A% 1) ol 20 Aol LA S22 2% 1 b AL A6 6 14 2
PIAEE 3 N 75 FEFPRLORZ5 A0 B 715 R 2 2E



BIsEnt, &, KL E R FHEER-AEREHK N2 A0
ZHOU Yulin, et al. The Influence of Length-Diameter Ratio Difference on Stress Distribution at Dental Bone-Implant Interface 319

Y1 B EOR . FPRRLARSS A BT R 46 P A E
FARSFIN R  HOR A A AL R AR L R 247 05
Ho b A LU 48

(1) AR AR R, Rl A 7E FiAEL IS 301 (38
FIEVELGS A ET) | SRS Al 7R AH R BT, 3 A A
TR T3 (A A

(2) fElf R AR 2P ARYE RAR L 2. 67 LEHFbR
HERPARLAS , LR 7 2% B2 75 RE 5 A8 3 0 IR L
LT

(3) AR 10 00 43¢ IR Al AR ™ A 9 2 g e T 2 B
A 7 A2 B R i PR 388 e FH A I/ Rz g
D7 YEAT AR F S ARHEE /N R X 65 9 4 fik £
JE /N E R

SE

[ 1] ATIEH MA, PAYNE AG, DUNCAN WJ, et al. Immediate
placement or immediate restoration/loading of single im-
plants for molar tooth replacement. A systematic review
and meta-analysis [J]. Int J Oral Max Impl, 2010, 25(2)
401-415.

[2] YUW, JANG YJ, KYUNG HM. Combined influence of im-
plant diameter and alveolar ridge width on crestal bone
stress: A quantitative approach [ J].Int J Oral Max Impl,
2009, 24(1) . 88-95

[3] BEEFMEEREWAY IHARTaI [ D] ILH: &
ek, 2012

[ 4] HSUJT, SHEN YW, KUO CW, et al. Impacts of 3D bone-
to- implant contact and implant diameter on primary stabili-
ty of dental implant [ J].J Formos Med Assoc, 2017, 116
(8): 582-590

[ 5] KANG N, WU YY, GONG P, et al. A study of force distri-
bution of loading stresses on implant-bone interface on
short implant length using 3-dimensional finite element
analysis.[ J]. Oral Surg Oral Med Oral Pathol Oral Radiol,
2014, 118(5) : 519-523.

[ 6] BORDIN D, ETP B, BONFANTE EA, et al. Influence of
platform diameter in the reliability and failure mode of extra-
short dental implants [ J]. J Mech Behav Biomed Mater,
2018, 77 470-474

[ 7] ALSCHZ. AR B0 F 2F R A 67 2000 = e 4 FR T 20 B
[D]. &HE. EREFRIR:, 2016.

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

SO, HARAE, AN, L ORIR BB R T A E
R E SRR (], MO ES 4K, 2017(3) .
129-132.

A, BRAETE, BRGNS IR R S IR B2 i X A
TR E MR W =4 A RT3 Hr [J]. D SRR I 8 & 2% 4
AR, 2013, 14(6) : 344-348.

EIOW, i, B, & AREREEE b=
AT BROCHE R ST B b T [ J]. BERIZE W) 3%, 2014,
29(1): 25-30.

WANG WY, FU B, LUO H, et al. Three-dimensional finite
element modeling and stress analysis on different posts
and cores for repairing the maxillary central incisors [J]. J
Med Biomech, 2014, 29(1) : 25-30.

SR, SRARF, BRGNS TR G5 AL SF R R AR R B JE LA
LN S5 A Y = e BRIC LU BT AT [ J ]S 0 1 s s 2
&, 2013, 29(6) : 770-774.

MAO Z, YI D, CAO G. Influence of sizes of abutments and
fixation screws on dental implant system: A non-linear fi-
nite element analysis [ J]. Biomed Tech, 2016, 62(4):
357-364.

UEDA N, TAKAYAMA Y, YOKOYAMA A. Minimization of
dental implant diameter and length according to bone quali-
ty determined by finite element analysis and optimized cal-
culation [ J]. J Prosthodont Res, 2017, 61(3): 324-332.
CALI M, ZANETTI EM, OLIVERI SM, et al. Influence of
thread shape and inclination on the biomechanical behav-
iour of plateau implant systems [ J]. Dent Mater, 2018, 34
(3): 460-469.

TES, RIGAF, B, S5 ORIE) AR FIAE PR R 220 671 2k
MR PR S A i [ J]. BE R 12, 2007, 22
(2): 146-150.

DING X, ZHU XH, LIAO SH, et al. Influence of different
implant diameter with immediate loading on stress distribu-
tion of implant-bone interface [ J]. J Med Biomech, 2007,
22(2): 146-150.

DA CVM, DE CASTRO DT, SHIMANO AC, et al. Analy-
zing the influence of a new dental implant design on prima-
ry stability [ J]. Clin Implant Dent Relat Res, 2016, 18(1) :
168-173.

e, HEAAR, XL, AF. AN B B SR O R LA 1 = 4
HRTTAHT[J]. BERAY J1%, 2016, 31(2) . 148-153.
YONG L, HUANG SL, LIU H, et al. Three-dimensional fi-
nite element analysis of dental implants with different bone
defects [ J]. J Med Biomech, 2016, 31(2) . 148-153.





