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Model 1 (Internal Connection System)

Model 2 (External Connection System)

Fig. 2. Computer simulated longitudinal sections of experimental model(Unit: mm).

A rolle FaA gt A E A (linear elasticity) &
e o2 Mganh. agam Ade gdx|o}
YENE F52 2PN P& sle = i3}

Fig. 1, 2 7} B39 a3 A9 A5 4872
2 A 32 B4 BHoFn 9len Fig 32
T gdes BYS BATa U

Aae $Ag3) HAE g YA 2

A7

AX & 352 A= A 54 9 (central fossa) ol
200N#29] =280l &8 E &9, dt5R
7 Be dZ2uFd upgFoA Xot Z4lFKow

200N¢9] 15° ZAtetaol AH4H 5% 3o, ot
27 CE ¥Zm 5 (buccal cusp)ell A|o}e] 4] ol A
HpZE0 2 200N9] 30° AAlstge] AL =2 3
AcH(Fig. 4).

AAZA (boundary condition) 2.2+ dhete] 9k

046

Table 1. The number of nodes and elements in
this study

Model Number
Node Element
Model 1(Internal Connection) 78,380 418,080
Model 2(External Connection) 79,347 416,619

% B FEo] AduREE Ux, Uy, Uz B&&
B 7Een, HHEAN JEHE 9 FH 2 £
2o Wgo] o &H =5 solth

AAE BE 9] f3he A8 (finite element analy-

sis) & Fysled Zad A5l B SgAS
(Young s modulus: E)& 942l vl (Poisson s
ratio; v)& &S] A8F Fadle] o] &

(Table 1) *
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1) feH84 Y

£ AFqA A fFResds Z2ad
EMRC NISA DISPLAY Version 12(Engineering
Mechanics Research Corporation, USA)& ©] 83}
o AEs e A 7k S-EE FollA 57HE (von
Mises stress) = 71£22 7 AT &3 &
T2 vlm B3I dals AA-sE e B

Fig. 3. Three-dimensional finite element
model of full body.

Table II. Material properties in this study

317 (reference
ZHES Hote 79 Felx
: a3 e,
o] ZuAel 2mmshyel dHE e, fo] FnA
A8l (Fig. 5), 7 sta=zd

A e 57HE S vl B4

Q. 7

MZ dlo

Fig. 4. Three loading directions of loading
condition A, B, C.

Materials ; Properties
Young s Modulus : E (MPa) Poisson s Ratio ;
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

Model 1 (Internal Connection

VModel 2 (External Connection)

Fig. 5. The reference points in supporting bone in models.
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o] 2 Zelh Model 1914 ti# 2 AAEHE
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Table III. Von Mises stresses on the reference points in bone of Models under loading condition A, B, C

(Unit; MPa)
Reference points
a c d e f
Model Loa

A 14.53 14.32 9.34 5.31 1.00 0.90

Model 1
(Internal Connection) B 5.52 22.88 10.98 8.45 1.06 0.93
C 82.08 103.97 34.25 29.81 2.14 2.73
Model 2 A 8.32 10.19 5.01 4.90 0.58 0.95
(External Connection) B 496 13.79 2.86 6.78 0.58 1.15
C 25.85 49,28 16.90 21.13 3.20 4.17
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Table IV. Maximum von Mises stress in the bone, fixture, abutment, and screw in model 1 (Unit; MPa)

Model Model 1 (Internal Connection)
Location -
Loading condition Bone Fixture Abutment Screw All
A 2943 57.99 58.00 23.56 387.26(crown)
B 42.56 252.08 279.59 50.41 279.59
C 213.32 1003.26 1055.37 184.78  1055.37

Table V. Maximum von Mises stress in the bone, fixture, abutment, and screw in model 2 (Unit; MPa)

Model Model 2 (External Connection)
Location -
Loading condition Bone Fixture Abutment Screw All
A 24.25 137.23 111.75 183.26 183.26
B 32.64 357.98 76.66 1018.76 1018.76
C 165.74 2687.07 601.70 4464.38 4464 .38
A B A 2k 53] $8¥o] JFd F99 of QAR &go] A7 sled ol /MR E SR
3= =)ol oM e ke Co 75l HEZ}L 2y & xR 5 0ol &=
71 T8 §3o| A2 YH(Table IV, V). ¥H 4] Aol e w2 &8Ho] 29 3ol FHHE.
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Lo ZFEch Model 19 Lo B e B SMRE AgH ok 15 AArlslgol 71eiAl &
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FIGURES D

Model. 2

tress contours of model under loading condition A, B, C.

Model. 2

Fig. 7. The stress contours of model under loading condition A, B, C.
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Model. 2
Fig. 8. The stress contours of bone under loading condition A, B, C.
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Model. 1
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Model. 2
Fig. 9. The stress contours of abutment under loading condition A, B, C.
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FIGURES @

Model. 2
Fig. 10. The stress contours of fixture under loading condition A, B, C.

A B
Model. 1

A B C
Model. 2

Fig. 11. The stress contours of abutment screw under loading condition A, B, C.
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Model. 2
Fig. 12, The stress contours of fixture-abutment under loading condition A, B, C.
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ABSTRACT

FINITE ELEMENT STRESS ANALYSIS OF IMPLANT PROSTHESIS
ACCORDING TO CONNECTION TYPES OF IMPLANT-ABUTMENT

Jin-Kyung Hur, D.D.S., M.S.D., Kee-Sung Kay, D.D.S., M.S.D., Ph.D.,
Chae-Heon Chung, D.D.S., M.S.D., Ph.D.

Dept. of Prosthodontics and Oral Biology Research Institute, College of Dentistry, Chosun University

Purpose: This study was to assess the loading distributing characteristics of implant
systems with internal connection or external connection under vertical and inclined load-
ing using finite element analysis.

Materials and methods: Two finite element models were designed according to type
of internal connection or external connection. The crown for mandibular first molar was made
using cemented abutment. Each three-dimensional finite element model was created
with the physical properties of the implant and surrounding bone.

This study simulated loads of 200N at the central fossa in a vertical direction (loading con~
dition A), 200N at the centric cusp tip in a 15 inward inclined direction (loading condi-
tion B), or 200N at the centric cusp tip in a 30° outward inclined direction (loading con-
dition C) respectively. Von Mises stresses were recorded and compared in the supporting
bone, fixture, abutment and abutment screw.

Results:

1. In comparison with the whole stress of the model 1 and model 2, the stress pattern was

shown through th contact of the abutment and the implant fixture in the model 1, while
the stress pattern was shown through the abutment screw mainly in the model 2.

2. Without regard to the loading condition, greater stress was taken at the cortical bone,
and lower stress was taken at the cancellous bone. The stress taken at the cortical bone
was greater at the model 1 than at the model 2, but the stress taken at the cortical bone
was much less than the stress taken at the abutment, the implant fixture, and the abut-
ment screw in case of both model 1 and model 2.

3. Without regard to the loading condition, the stress pattern of the abutment was greater
at the model 1 than at the model 2.

4. In comparison with the stress distribution of model 1 and model 2, the maximum stress
was taken at the abutment in the model 1, while the maximum stress was taken at the
abutment screw in the model 2.
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5. The magnitude of the maximum stress taken at the supporting bone, the implant fix-
ture, the abutment, and the abutment screw was greater in the order of loading con-
dition A, B and C.

Conclusion: The stress distribution pattern of the internal connection system was most-
ly distributed widely to the lower part along the inner surface of the implant fixture con-
tacting the abutment core through its contact portion because of the intimate contact of the
abutment and the implant fixture, and so the less stress was taken at the abutment screw,
while the abutment screw can be the weakest portion clinically because the greater
stress was taken at the abutment screw in case of the external connection system, and there-
fore the further clinical study about this problem is needed.

Key words : von Mises stress, Finite element stress analysis, Implant prosthesis, Connection types of
Implant-abutment, Loading condition
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