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Fig. 1. Three-dimensional finite element
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Fig. 2. Three-dimensional finite
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model of precision attachment.

Fig. 3. Three-dimensional finite

element

model of semiprecision attachment.
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Fig. 4. Three-dimensional finite element

model of telescopic crown.
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Table 1. Physical properties of each material

\W Young’'s modulus Poisson’s ratio
Materials of elasticity(kg/mm?)

Tooth(Dentin) 2.0e+03 0.31
Titainum 1.05e+04 0.30
Cancellous bone "1.4e+02 0.30

ADA type I gold alloy 6.6e+04 0.33
Periodontal ligament 5.0e+00 0.45
Compact bone 1.4e+03 0.32
Cement(cavitec™ 4.6e+04 0.35
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Table 2. Cross section planes

plane A mesio-distal section at center of model

plane B bucco-lingual section of the 2nd premolar

plane C bucco-lingual section of the 1st implant

plane D horizontal section at occlusogingival half of model
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Fig. 5. View of Cross section planes.
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Table 3. Maximum vertical displacement of each experimental group under P1 load at plane

A,B.C (unit: nm)
ondition P1 load
Plane Mf Mp Ms Mt
Plane A 0.0283 0.0284 0.0287 0.0191
‘Plane B* 0.0283 0.0297 0.0189 0.0191
Plane C 0.0079 0.0085 0.0091 0.0103

Mf:Model of free-standing case.

Mp:Model of precision attachment case,

Ms:Model of semiprecision attachment case, Mt:Model of telescopic case
Pl:vertical load on the central fossas of 2nd premolar and 1lst implant
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Fig. 6. Distribution of displacement at each experimental group under P1 load in planeA.

a; displacement on free-standing case b. displacement on precision attachment case

¢, displacement on semiprecision attachment case d, displacement on telescopic case
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c d
Fig. 7. Distribution of displacement at each experimental group under P2 load in plane B

a. displacement on free-standing case b, displacement on precision attachment case
¢, displacement on semiprecision attachment case d, displacement on telescopic case
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Fig. 8. Distribution of displacement at each experimental group under P2 load in plane C
a, displacement on free-standing case b. displacement on precision attachment case
c. displacement on semiprecision attachment case d, displacement on telescopic case
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Table 4. Maximum vertical displacement of each experimental group under P2 load at plane

A,B.C (unit® mm)
ondition P2 load
Plane Mf Mp Ms Mt
Plane A 0.0155 0.0163 0.0165 0.0096
Plane B 0.0155 0.0163 0.0165 0.0096
Plane C 0.0047 0.0047 0.0050 0.0055

Mf:Model of free-standing case,

Mp:Model of precision attachment case,

Ms:Model of semiprecirion attachment case, Mt:Model of telescopic case
P2:inclined load on the buccal cusps of 2nd premolar and 1st implant
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F&99] vli(Table 6,

He| B

tensile stress, compressive stress, von Mises of each experimental

(unit: kg/m?)

Condition Pl load
Plane / Stress Mp Ms Mt
tensile stress 3.35 5.28 1.46
Plane A [ compressive stress -1.90 -3.58 -3.99 -3.03
von Mises 4.10 3.17 2.65

Mf:Model of free-standing case,

Mp:Model of precision attachment case.

Ms:Model of semiprecision attachment case, Mt:Model of telescopic case

Pl:vertical load on the central fossas of 2nd premolar and lst implant

Table 6. Maximum

group under P2 load at Plane A

tensile stress, compressive stress, von Mises of each experimental
2
(unit: kg/mn°)

Condition P2 load
Plane Stress Mp Ms Mt
tensile stress 1.42 1.21 0.93
Plane A | compressive stress -2.61 -3.20 -3.20 -2.78
von Mises 2.13 2.12 2.52

MfI_Model of free%standing case,

Mp:Model of precision attachment case,

Ms:Model of semiprecision attachment case, Mt:Model of telescopic case

P2:inclined load on the buccal cusps of 2nd premolar and lst implan_t



¢

Fig. 9. Distribution of maximum tensile stress at each experimental group under P1 load in
plane A.

a, stress pattern on free-standing case b, stress pattern on precision attachment case

¢, stress pattern on semiprecision attachment case d, stress pattern on telescopic case

C

Fig. 10. Distribution of maximum compressive stress at each experimental group under P1
load in plane A.

a, stress pattern on free-standing case b, stress pattern on precision attachment case

c, stress pattern on semiprecision attachment case d. stress pattern on telescopic case
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c d

Fig. 11. Distribution of maximum tensile stress at each experimental group under P2 load in
plane A. :

a, stress pattern on free-standing case b, stress pattern on precision attachment case

¢, stress pattern on semiprecision attachment case d, stress pattern on telescopic case

Fig. 12. Distribution of maximum compressive stress at each experimental group under P2
joad in plane A,

a. stress pattern on free-standing case b, stress pattern on precision attachment case

¢, stress pattern on semiprecision attachment case d, stress pattern on telescopic case
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Abstract

THE THREE-DIMENSIONAL FINITE ELEMENT ANALYSIS OF THE
PARTIALLY EDENTULOUS IMPLANT PROSTHESIS WITH VARYING
TYPES OF NON-RIGID CONNECTION

Seon-A Lee, D.D.S., Chae-Heon Chung, D.D.S., M. S.D., Ph.D.
Dept. of Prosthodontics, School of Dentistry, Chosun University

In this study, we designed the finite element models of mandible with varying
their connecting types between the prosthesis on implant fixture and 2nd premolar,
which were free-standing case(Mf), precision attachment case(Mp), semiprecision
attachment case(Ms) and telescopic case(Mt).

The basic model of the designed finite element models, which contained a canine
and the 1st & 2nd premolar, was implanted in the edentulous site of the 1st & 2nd
molar by two implant fixtures.

We applied the load in all models by two ways. A vertical load of 200N was
applied at each central fossa of 2nd premolar and 1st implant.

A tilting load of 20N with inclination of 45° to lingual side was applied to buccal
cusp tips of each 2nd premolar and 1st implant.

And then we analyzed three-dimensional finite element models. making a
comparative study of principal stress and displacement in four cases respectively.

Three-dimensional finite element analysis was performed for the stress dis-
tribution and the displacement using commercial software(IDEAS program) for
SUN-SPARC workstation.

The results were as follows

1. Under vertical load or tilting load, maximum displacement appeared at the 2nd
premolar. Semiprecision case showed the largest maximum displacement, and
maximum displacement reduced in the order of precision attachment, free-

°

standing and telescopic case.

2. Under vertical load, the pattern of displacement of the 1st implant appeared
mesio-inclined because of the 2nd implant splinted together. But displacement
pattern of the 2nd premolar varied according to their connection type with
prosthesis. The 2nd premolar showed a little mesio-inclined vertical dis-
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placement in case of free-standing and disto-inclined vertical displacement due
to attachment in case of precision and semiprecision attachment. In telescopic
case, the largest mesio-inclined vertical displacement has been shown, so. the
Ist premolar leaned mesial side.

. Under tilting load, The pattern of displacement was similar in all four cases
which appeared displaced to lingual side. But, the maximum displacement of 2nd
premolar appeared larger than that of the first implant. Therefore, there was
large discrepancy in displacement between natural tooth and implant during
tilting load.

. Under vertical load, the maximum compressive stress appeared at the 1st
implant’s neck. Semiprecision attachment case showed the largest maximum
compressive stress, and the maximum compressive stress reduced in the order

of precision attachment, telescopic and free-standing case.

. Under vertical load, the maximum tensile stress appeared at the 2nd implant’s
distal neck. Semiprecision attachment case showed the largest maximum tensile
stress, and the maximum tensile stress reduced in the order of precision

attachment, telescopic and free-standing case.

. Under vertical load or tilting load, principal stress appeared little between
natural tooth & implant in free-standing case, but large principal stress was
distributed at upper crown and distal contact site of the 2nd premolar in
telescopic case. Principal stress appeared large at keyway & around keyway of
distal contact site of the 2nd premolar in precision and semiprecision
attachment case, appearing more broad and homogeneous in precision at-
tachment case than in semiprecision attachment case.

124



