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ABSTRACT

Finite Element Stress Analysis of Implant

Prosthesis according to Friction Fit or Slip

Fit of Internal Connection between Implant
and Abutment

Jang, Doo-lk, D.D.S., M.S.D.
Advisor: Prof. Chung, Chae-Heon, D.D.S., M.S.D., Ph.D.
Dept of Dentistry,

Graduate School of Chosun University

The purpose of this study was to assess the stress-induced pattern
at the supporting bone, the implant fixture, the abutment and the
abutment screw according to a friction-fit joint (Astra: Model 1) or
slip— fit joint (Frialit-2; Model 2) in the internal connection system
under vertical and inclined loading using finite element analysis.
This study simulated loads of 200N at the central fossa in the
vertical direction (loading condition A): at the functional cusp tip in
a 15° inward inclined direction (loading condition B): and at the
functional cusp tip in a 30°utward inclined direction (loading condition

C).
The following results have been made based on this study:

1. There were generally stresses increased in case of the loading

_iv_



condition B and C of the inclined loading. Especially the
greatest stress showed in the loading condition C with the
inclined loading of outward direction from the centric cusp tip.
Also, the cortical bone demonstrated a greater deal of stress
than the stress measured on the cancellous bone.

. Without regarding the loading condition, there was a greater
magnitude of stress at the cortical bone contacting the upper
part of the implant fixture, while a lower magnitude of stress
was measured at the cancellous bone. When the stresses on the
cortical bone were compared, there was generally a higher level
of stress in Model 1 than in Model 2 according to the model
condition.

. The stress distribution pattern of the implant fixture was
generally widely distributed along the inner surface of the
implant fixture contacting the abutment core. Without regarding
the loading condition, the magnitude of the stress on the implant
fixture in Model 1 was higher than in Mode 2.

. The stress distribution pattern of the abutment showed that a
high magnitude of stress was generally concentrated at the neck
of the abutment and the abutment core in the inclined loading
cases of B, C and also this stress was notably distributed
towards the lower part of the abutment core. Without regarding
the loading condition, the magnitude of the stress on the
abutment in Model 1 was higher than in Mode 2.

. Without regarding the loading condition, the abutment screws in
both Model 1 and Model 2 had a low magnitude of stress,

because the stress in the internal connection cases was widely



distributed along inner surface of implant fixture contacting
abutment core. The magnitude of the stress on the abutment
screws in Model 1 was higher than in Mode 2 without regarding
the loading condition.

6. The stress was inclined to be directly distributed from the
abutment core to the implant fixture in the internal connection
system. Specifically, Model 1 of the friction-fit system tightly
contacted between the abutment and the implant fixture had
generally more stress than Model 2 of the slip-fit system in the
supporting bone, the implant fixture, the abutment, and the abutment

SCrew.

In conclusion, in the internal connection system of the implant and
the abutment connection methods, the stress-induced pattern at the
supporting bone, the implant fixture, the abutment and the abutment
screw according to the abutment connection form had difference
among them, and the stress distribution pattern usually had a widely
distributed tendency along the inner surface of the implant fixture
contacting the abutment core. The magnitude of the stress distributed
in the supporting bone, the implant fixture, the abutment and the
abutment screw was higher in the friction-fit joint than in the
slip—fit joint. But it is considered that the further study is necessary
about how this difference in the magnitude of the stress have an

effect on the practical clinic.
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Model 1 (Astra) Model 2 (Frialit-2)
Fig. 1. Schematic representation and cross sectional view of Astra and Frialit-2.
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Model 1 (Astra) Model 2 (Frialit-2)

Fig. 2. Computer simulated longitudinal sections of experimental model (Unit; mm).
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Element
418,080
282,259

Number
Node

78,380
55,051

The number of nodes and elements used in this study

Table 1.
Model
Model 1 (Astra)
Model 2 (Frialit-2)
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Fig. 3. Three-dimensional finite element model of full body.
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AAZA (boundary condition)®EE 3tZo A& majg FE AdwH
FEE Us, Uy, Uy W3S 25 &35, REAEY JdZIHE 2 FH & =
Ao A HAgo] 3 &HEFE 3T,
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AAE 2o #3243 A (finite element analysis)S St HL3h

Azl EAXA &FAHAF(Young's modulus: E)& Eok%9 H](Poisson’s

i

ratio; )& M&dE9 A5=2 Fudto] o] &3t (Table 2)'7.
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Table 2. Material properties used in this study

Materials 7 Properties ;
Young’'s Modulus : E (MPa) Poisson’s Ratio : v

Cortical bone 13,700 0.30
Cancellous bone 1,370 0.30
Titanium

(Implant, Abutment) 115,000 0.35
Composite resin 9,700 0.35
Gold crown 96,600 0.35
Titanium screw 115,000 0.35

2 AFoA 339 FdeaEA 2 NISA / DISPLAY IV (Version
10.0, Engineering Mechanics Research Corporation, USA)& ©] &3}
He oy 742 S8 @G FeAA 57 (von Mises stress)= 7|22 7t
AP &8 x5 v FAGAT. 23 AAEHY ZxAE H
<8 FAFFE AdEsty] A SUHEE S VIeeR Yo AVl wE xR

FEA G, 74 st At vlwE e 6719 F A (reference point) S A

Model 1 (Astra) Model 2 (Frialit-2)

Fig. 5. The reference points in supporting bone in models.
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a,b.c.d)el =& stzo] Aoz o FHUHF(FuH e, DHolle ofF e 350
A8 YA, slFo] Wol AyE XNELEF a, be YAAA S
Model®] Z7e| webd= Model 19 2$7F Model 29 A$Ht} Zo A= &

ol Az 3.

3 EW

El

o

Table 3. Von Mises stresses on the reference points in bone of Models
under loading condition A, B, C(Unit; MPa)

ference points

b d f
Model Load a ¢ ©

A 14.53 14.32 9.34 5.31 1.00 0.90

Model 1 B | 552 2288 1098 845 1.06 0.93
(Astra)
C | 82.08 103.97 34.25 2981 2.14 2.73
A | 1002 900 526 576 1.15 1.32
Model 2
edel Sl B | 474 1370 440 870 120  1.53
¢ | 51.59 5876 21.73 29.96 2.93  4.40

2) A Foll A &4 (Fig. 9, Table 4, 5)

At Fo| Aol §3H G2 st BAGle]l BEFAA Model 19 7457
Model 29 72 $-Ht} A Ao, A2 AAstEdd B, € 474 &
Hol AhFo] AR Z AWF post FH 2 FHo] JFHe S HolH
A T2 post st Hog FEHo| EAHI UAAT. w3
Bel Aol stzel 7halxl & ASHd ¥ & S JFHL Joy ssx

A Ce A AdFe AF R ANWF core FHo FHeE w2 &Yl F
o

olo
i
A

3) A &8 (Fig. 10, Table 4, 5)
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AL 28 H=she

A2k 1
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F g me ez EEan . 53] AT o
Model 19 7 %9+ Model 29 HlsiA © &

LG Al AR

stex7 2 Model T7 ©WE AA=, A, AdF 2 & A8+ &
7h-&8 o] H-&H A= Table 4, 53 &3ttt

stzx7ol A, B, CE ZFE AAZ, nZA, AdFd Aze HU-$HY
A7l AXY

Model®] F/l wetA, XA =, A, AhFd A= §8 Model 19

d+7F Model 29 Z-%Et o & &3] A3t

AAeERl B, Co ZAfe AA 27 HRgHS AT EA, Model 19 74
ol ATl AEge wH, Model 29 Z %4 X Ao, a2y A=
A TS Ze nBAS AdFolA AHEY oepto] HSAZAY A ¢
de AR 2 g AdF £ 2 A dge A& ¢ F e =3 o
T Model 19 457} Mddel 29 ZA-55Et o 2A €] 28 U&=
& F U

Table 4. Maximum von Mises stress in bone, fixture, abutment, screw, crown in model 1

(Unit; MPa)
Model
Model 1 (Astra)
Location
Loading Bone Fixture | Abutment Screw Crown
condition
A 29.43 57.99 58.00 23.56 387.26
B 42 .56 252.08 279.59 50.41 271.71
C 213.32 1003.26 1055.37 184.78 475.46
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Table 5. Maximum von Mises stress in bone, fixture, abutment, screw, crown in model 2

(Unit; MPa)
Model Model 2 (Frialit-2)
Location
Load_iqg Bone Fixture Abutment Screw Crown
condition
A 15.29 33.09 30.24 25.15 495.11
B 43.49 78.76 76.66 38.93 271.70
C 197.98 341.65 310.15 130.57 496.97
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B B
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C C

Model 1 Model 2

Fig. 6. The stress contours of model under loading condition A, B, C.
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A A
OISFLAY III — GEOMETEY ODISFLAaY III — GEOMETEY
B B
DISFLAaY III — GEOMETEY b ODI=FLAaY III — GEOMETEY
C C
Model 1 Model 2

Fig. 7. The stress contours of model without crown under loading condition A, B, C.
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A A

DISFPLAY III — GEOMETREY ODIZFLAY III - GEOMETREY

B B

OISFLAY ITII - GEOMETREY ODIZFLAY III - GEOMETREY

Model 1 Model 2
Fig. 8. The stress contours of bone under loading condition A, B, C.
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A A
DISFPLAY III — GEOMETREY ML DISFLAY III — GEOMETEY MO
B B
DISFLAY III — GEOMETEY M DISFLAY III — GEOMETEY MO
C C

Model 1 Model 2

Fig. 9. The stress contours of abutment under loading condition A, B, C.
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Fig. 10. The stress contours of fixture under loading condition A, B, C.
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Fig. 11. The stress contours of abutment screw under loading condition A, B, C.
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Fig. 12. The stress contours of abutment-fixture under loading condition A, B, C.
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(external connection)< 2% 3& nvlgto

A 7bE dE o&Hu e dEFEWRESG AuFe dZF2 FAQd dSdA
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22X YA AAl xofok . BRE A 283 A4 S odEe 2du
Atell o8l Hal Ao AdEdET. 7leAlel FeA Held aa S d& FF
2o 7195 E At EolFF tpate] BAE ofr g 21 o] g
#74 (internal connection) 7]AlF3tel]l Slojx AZe @ A3 AU+
Zole] #AZE 1:1.4Ev AW 3EHes et 3o u'ge & d2 F4
(form- and force-based connection)2 24 HH T T4 SWELS Y54
A A= AT core®t 2 FH A HeA HaAA D HEHBR 1% AL
o Astze 18 FasA Fom ofgel HA AY Zold FE5o] FAHER
A A $HA7 Aoz Yol A dda s
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AP Fo|] 2Ho] AA A=Y o= slip-fit joint (Frialit-2: Model 2)¢ 7

$ dZdE YHEE 55 mmES7IE internal hexagonal retention extending

filo
A

= dkA 4 friction-fit joint (Astra; Model 1)& A$E AdZHE Y}
2 2.2mm B oA WEAAR HE Lol (joint depth)dA & o]
2 HoZm g7 wEolgtn AZAHEY. Mollersten 52V AZMEA Y
AAF] HF Zol7b 2FYd AFgsted AL Fasittn 2™, Boggan
VR UEad FeelA AdFst A YR Aol E42FE ATl st
Ae stee AastA du st ol ol f=2 AL} AT A e
yHdd Fdert stse AAA7Ied td §E8 8 Aoz AR HE
AT @A 1183 HEZ3SIE friction-fit joint (Astra: Model 1)¢
7 §ol & slip-fit joint (Frialit-2: Model 2)¢ A $Ht} ofF =& o]
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Model 1)¢ A$E 11° AAIZ Z& conical AHF7E 2 A Wel )7} o}
F 123 HF (friction joint)= o] FEEA o3 o] o] JHH S T3l
A AR AEEn gl FEEE W, slip-fit joint (Frialit-2: Model 2)
o Agele olelgr HEFF of3te] FIto]l FHEHEREA S FAito] ¢ FE
skl A diFok A
Model 1) ASEY < AA ZAxdzn AZEY. a8y slip-fit joint

(Frialit-2: Model 2)2] A% WS A2 Ajxgo|7l A X Fe 13

o Adxe $¥He =77} friction-fit joint (Astra:

A e HFAAM LR butt-jointE 7HAE tiAlel friction—fit joint
(Astra; Model 1)¢ A %% TF % conical joint2ZA] ©] &3t joint FEfe] =}
ofo Mg Y B4 = v=2ga AlRHE v doem S dZ2 dHY
zlolo] WE L8 BEAo A3x v$ destdetn AFRET

Akca .'% Norton,? ™ Sutter £°1%72 52 9 A} 35S F2 implant-
abutment jointelA F2 A3}t 3ste], W= conical jointe 2=
joints} HlmajA =ZFEUME AFete=d oA Ho o dFHH, WS

conical jointe Z4A ¥ micromovementEs 53 Z = <HF S A Zdt B
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23 v 9lon | Balfour %€ internal hexagonal designe @ xold] 7}
A = AL AFIY ¥, Krennmair 5% Frialit-29 internal
hexagonal retention< 3.5% <2 A tyAl 28] WEE X2 WALE-H] &
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