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Effects of Implant Sites and Axial Direction on Stress of Maxillary
Central Incisors with Immediate Implantation under Immediate
Weight-Bearing:. A Three-Dimensional Finite Element Analysis

DU Jun, WAN Zhe
( Department of Stomatology, Traditionnal Chinese Medical Hospital of Xinjiang Uygur Autonomous Region,
Urumchi 830054, China)

Abstract; Objective To investigate the influence of implant location and axial direction on stress distributions at
the implant bone interface of maxillary central incisors with different alveolar fossa morphology by immediate
implantation under immediate weight-bearing. Methods = With reference to dental cone beam computed
tomography (CBCT) image data from a healthy adult, the three-dimensional (3D) finite element models of
maxillary central incisors with three types of alveolar fossa ( buccal, mediate, and palatal type) by immediate
implatation under immediate weight-bearing were established. Different implant sites ( apical site, palatal/labial
site) and axial directions (long axis of the tooth, long axis of the alveolar bone) were simulated. The established
models were subjected to 100 N force at different angles (0°, 30°, 45°, 60°, 90°). The stresses in the alveolar
bone around the implant were analyzed by the ANSYS software. Results Twelve 3D finite element models of
maxillary central incisors with different alveolar fossa morphology by immediate implantation under immediate
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weight-bearing were successfully established. When alveolar fossa with buccal and mediate shape was applied

with immediate implantation under immediate weight-bearing, it was easier to obtain good biomechanical

properties of the implant-bone interface when implants were placed at palatal site along long axis of the alveolar

bone. When alveolar fossa with palatal shape was applied with immediate implantation under immediate weight-

bearing, the equivalent stresses on peri-implant alveolar bone were much smaller than those on apical site,

regardless of whether the implant was placed along long axis of the tooth or the long axis of the alveolar bone.

Conclusions

Different alveolar fossa morphology, implant location and axial direction will affect biomechanical

characteristics of implant-bone interface of maxillary central incisors with immediate implantation under immediate

weight-bearing. In clinical practice, surgical planning on different axial direction and location of implantation should

be developed for alveolar fossa with different morphology.

Key words: maxillary central incisor; immediate implantation; immediate weight-bearing; finite element analysis
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Fig.1 Classifications of maxillary central incisors (a) Buccal

type, (b) Mediate type, (c¢) Palate type

ARSI ST 3 RS AR 25 At b D) 5F o Al
B3 TEAE A 3 B 1) 2R AR A 0T X Aol e 1A )
Pl 2 20 3 53 A B2 IR, LASE O e R R A 5 38 Y
il 7 LA L2 A v b A U] 2F B 220 oA R 221 £ R ) T
MNPRS00 R

1 #R57EE

1.1 BRIEK

1 AR AN AN ABRIE : F 51 3% 55 Te ik 2k
X ERFRE, BT ERR, HEHEGELRIE
o HEBRARIE  BBA T R B AR AR R e s A
AU R B S o R N s A R S I
Wy K oF i 52 W HE R R 3T 5 LT )2 (cone beam
computed tomography , CBCT) A%,
1.2 #EBRE

AHIE ST T SR A R FR X R E AR
PR U AR B A, IR BR AR A TE 2 5 A
[l 45 )5 #E 4T CBCT 34, CBCT #2145 24 %kt
Kavo 3D exam HE =48k 2 X L 1% & 48 (Kavo
o] PR BT RS Z R 0. 125 mm, {94
ik DIcoM A% =k
1.3 EapyIFRIZMENZAEEINETS

b 3E

H DICOM #%5X CBCT Hidfs 4948 15 5 A\ = 2
AL PR AT Mimics 17. 0 ( Materialise 23 &), H )
) SR BURZ IR, A& A B i b B0 5 14 5 43t
A WE IR G 38 3 8 B b 2 7R R v
AR O S 7 | o ] AR R 3 A [ O A R
EER EE S (LA 2) .



# E, & BEANRREEX R ZMERNZ G ER NI = EFRITHH
DU Jun, et al. Effects of Implant Sites and Axial Direction on Stress of Maxillary Central Incisors with
Immediate Implantation under Immediate Weight-Bearing: A Three-Dimensional Finite Element Analysis 355

y\y

(a) HER (b) Hja R
B2 FAEESTFES LAESHRER

Fig.2 Maxillary block models with different alveolar fossa

(o) fmigH

morphology (a) Buccal type, (b) Mediate type,
(c) Palate type

e 2 B8, AT WD A AL B S AR AR AL L
fARALLL STL 4% PR A7 -t o a2 398 ) TR
KB Geomagic studio (3D Systems 23 A, FEFH ) F
A STL U R AT 8 M R0 6 Ak Ak B, i 23515 —
HESC R BB LA SEP A% 2SO AR A7, AR 1K
(Straumann BLT NC,3.3 mmx12 mm) BE G
[ B2 22 ( Straumann Ji ] 3L & K %F W ) e B2
22) | FEME A (B A EER R A 2 ) 1Y
JUARRL i o NX 8. 5 = 4B 4R (Siemens 24
A PR JT i8I RIS KR AR B RS
R [ BR 22 2 Pe ) — B Ak, Z J5 TR EE SN 70 wm 11
R RN A8 52 1A 5 22 7 4 20 e 1) o A A -
FEBA R TR B, e 2 SRR o = 4RI AL 1Y)
FELAVANIE (oVE VAR IURL IR 3NN R B Sl S TR Ui
[) 4 R s TR A5 1 b a0 B AT A LG R A I R fif
FHASTCYIRE , 38 2ok #% 3 FE % A AELAG 52 (R B )
AR B PAALE 20 ) ARATF AR AR AL A 5/
JEE AT m P AR AASE A5, DA B o Bl 2 R K Tl
LN N B AR AN DA TR AN A
ERRE Tl B e SO TR RNV R E VAN AR E VA S D)
12 > JLAW A8 S AT AT BRI 730 A 4K 7F ANSYS
Workbench 13.0 ( ANSYS 2w, &), 43 5 % &
PR T A BRIC RS R 43, AR 0] 43R X 4 T4 10
TR (E D),

1.4 ZHRSBARFESHE

R A R 5 T 2 AL SRR A B 1) 6470
X, FEILE AL (B B hia (M &) e
AL (P B ) AL AR A A i I/ T )
AL RAEA (BRRAE SRS/ M5 2 mm) 5 48 A
]« KA (AR B T 0 B A4 A BRI ke
L IR e e WA IDINIZ R k= Q= =N X
B BE EA A IR I A 1 £ 1 3 2 5 T ) A7
N 4 FAEAAL R S AE AR R 2507 O KA

x1 REBTHRE

Tab.1 Element and node numbers in the model

kL HoTHL Rt

B 25723 48 070

BT 40 189 67 369

Bio-Oss ‘H#} 178 734 289 426
FUIETEZ 73 116 150 122
BERE 4 653 8 204

[iE] {37 42 22 2206 4474
RIRFRFEAK 1T R HEF 54 138 93 516
=Y Ay oA 2762 4963

RIS A A @ T K b 15/ T M A7 A5 A A
@ Al E KRN SR ;@ A K Gl O 1/
JRMIALEAEA 3 RS IE S, B RIS
BEHL 4 PR AT =0, e 12 AT (3 2) .

R2 ZIHRHARGH

Tab.2 Experimental grouping and naming

RiESIS HEA B 7] AL, e
)% (B &) T A HREL Bl
%/ T M A5, B2

Rt gt HRIA A, B3

i 5/ FE NS 5, B4

rha] A (M #) R HRIA A5 M1
1/ S A ot M2

R E=g s HRIA A, M3

i/ T A A5 M4

T2 (P ) KA MR A, P1
A 1/ s A ot P2

Rt HRIA A, P3

TS/ JE M P4

1.5 ETERREDRAREFREESH

FEF LIS e B A A WA R S 3
J GELE A ] [ ) 2 B A, Bl A i
B T) P2 ik O 2R 1 Oy JEE 88 42 fll (friction ) , B4 [
om 0.2 H A 4 ik o6 R Xy o W % i
(bonded) , XAl E B HEAT I v 376 v B T 1T = T
4 [ 2 208, e HA e = s T e RS s
1.6 TEMNAMmEHAR

TR INAsT 480 1 T2 ey 173 5h 1/3 28544k
(UL 3(a) ], gy X0 e, 4k 1k 100 N,
W/ INFIE R WA 1, I ) A s ids 1 s, i+
RIS A TR 2N T 32 135 e
AU & WG 5 1), AR SO 40 ) 75 1) 55 2
KAl 55 0°.30° ,45° 600 K% 90°[ WLIF 3(b) 1™,




EREMAE $£38% F2H 20234548
356 Journal of Medical Biomechanics, Vol. 38 No.2, Apr. 2023

0°03
> ‘@/
60°
- @

(a) HmERERAL (b) In#Rf B
B3 mAmMHBTEE

Fig.3 Schematic diagram of stress loading
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