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Influence of diameter, length, and platform shape of implant fixture on

the stress distribution in and around the screw type implant

Ji-Eun Kang, Hyun-Ju Chung, Chul-Whoi Ku*, Hong-So Yang*

Dept of Periodontology, *Dept of Prosthodontics, College of Dentistry Dental Science Research Institute
Chonnam National University

Seven finite element models were constructed in mandible having single screw-type implant fixture connected to the
premolar superstructure, in order to evaluate how the length, diameter and platform shape of a screw-type fixture influence
the stress in the supporting tissue around fixtures. Each finite element model was varied in terms of length, diameter,
and platform shape of the fixture. In each model, 250N of vertical load was placed on the central pit of an occlusal plane
and 250N of oblique load placed on the buccal cusp. The stress distribution in the supporting tissue and the other
components was analysed using 2-dimensional finite element analysis and the maximum von Mises stress in each reference
area was compared. Under lateral loading, the stress was larger at the abutment/fixture interface, and in the crestal bone,
compared to the stress pattern under vertical loading. The amount of stress at the superstructure was similar regardless
of the length, diameter and platform shape of a fixture. Around the longer fixture, the stress was decreased at the bone
crest and subjacent cancellous bone and increased in the cancellous bone area apical to the fixture. Around the wider
fixture, the stress was decreased at the abutment/fixture interface, and the bone crest and increased in the cancellous bone
area apical to the fixture. Around the fixture having wider platform, less stress was produced at the abutment/fixture
interface and the upper part of the cortical bone, compared to the fixture having standard platform. In conclusion, the
stress distribution of the supporting tissue was affected by length, diameter, and platform shape of a fixture, and the fixture
which was larger in diameter and length could reduce the stress in the supporting tissues at the bone-fixture interface and
bone crest area.

Keywords : Finite element, Stress analysis, implant, diameter of fixture, Length of fixture, Platform shape
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A7 FEEA a37F S-skal YAk 1A o) Eili/ﬂ 5%2] Osseotite (3i Implant Innovations Inc,
AL S SHBA a9t $-F8ithal Halsksl Palm Beach Gardens, FL33410, USA) LA A<} 2%
t}. Sakaguchi®} Borgersen'”, Haak5""2 2219 -3t 9] Osseotite XP (3i Implant Innovations Inc, Palm
[AHE o] &3t dhas 7HS W gold screw® Beach Gardens, FL33410, USA) L& A}&-3FA
uk--S 191819l AL Sertgoz™ = 33FY QAN O t}. Osseotite AT 217 4.0mm, d°] 10mm,
2 JEVEAA 1A BAE $8E TH ¢ 13mm, 15mm¢] 527 1AAL o] 10mmol
EYE Aol A48k 3 7384 24 273 5.0mm, 6.0mm¢! %< A4 AFAE A&}
He o] &3 g2 AN JEUE F99 %131 Osseotite XP LG # = Ank g Aol vl &
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AT A AAto| A Wol ALRE L = JZTE 4/5, Osseotite XP 5/6= AH&-3}% THTable 1).
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QIHE wYAEo] A3 YA o] 20l HRIFEBE UCLA ANFZ AHEata A
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7F ASHE Fx2A 9 FHEEA WA= Oﬂﬁ(}%
ozt Fer8 A S Fato] dofr =1l 2
Table 1. Characteristics of models
Platform Fixture . . Grouping
Model Length Classification
diameter diameter in this study

1 4. 1mm 4.0mm 10mm Osseotite”™ I T 111

2 4.1mm 4.0mm 13mm Osseotite™ I

3 4.1lmm 4.0mm 15mm Osseotite™ I

4 5.0mm 5.0mm 10mm Osseotite™ I

5 6.0mm 6.0mm 10mm Osseotite™ I

6 5.0mm 4.0mm 10mm Osseotite XP 4/5% 111

7 6.0mm 5.0mm 10mm Osseotite XP 5/6° I
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Fig. 1. Each component of model and finite
element models.
(1. Composite resin, 2. UCLA abutment,
3. Gold screw, 4. Fixture, 5. Cortical
bone, 6. Cancellous bone.).
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Fig. 2. Loading condition of each model.
(A. Vertical loading, B. Oblique loading)
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Table 2. Mechanical property of each material

Young's
Material Poisson's ratio
Modulus(MPa)
Composite resin 12,500 0.35
Type III gold 100,000 0.33
Type 1V gold 99,300 0.30
Titanium 103,400 0.35
Cortical bone 13,700 0.30

Cancellous bone 1,370 0.30
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Fig. 3. Reference areas for comparison of stress.

(1. Superstructure, 2. Junction of
abutment and fixture, 3. Junction of
fixture and cortical bone, 4. Junction of
fixture and cancellous bone, 5. Apical

portion of fixture)



w(II)

o] Z7}EATH Fig. 4, 5).

=]
=]

oS
°

o
TE

7 Aol

B

7] AT A5/ LA A

e

1

oMo & s}

| 4-54) <]

0

A 1/4

w

= A

=g

—_
o
=)
—_
fite)

vzel

Nd

—_—

X

X
4

N

NA 164 =

_04

=
H

olo

e

=
o

aAle] Zol7h

ST
Y=TE

Aol M B

£

5ol 271

A AH I A

L
A

1

/31

=
T

3 Z ol A

)
XP EdEo| A £Ho] 1/20]

g]

7F WS SkTH( Fig. 12, 13).

-
A

=]

A

79 YAA T A

= F-9ellA

&I TH Fig. 14, 15).

-

R

)

3}
|

o]
)=

REE PR

spolck, et

S

o

ekl
718 AAA R A5/

1

fE

shyol

S

L

%
ﬂb

b EE 1 Aol

o

] 3L
=2

ol S7HEAATH Fig. 6, 7).

=

)

ESE

| S2E 0-A e Ao wE S H{u([IF)

e

6mm LA AN A ZH7E 44%9} 63% FHAdHATh A

o
L

_,

K
1
oK
A
Ko

4mme} o] 7F AL glAAI Rk

L

-

7o) smmoll A
6mm2] 2o M = 13% Z7hskedct

A A

]

A
4

|

Aol el QERE A=

=

)
o
Al
oH

N
Njo

o] tha 7AHTh Fig. 8, 9)

o
S

o Abgo] FThEEA A4

B

PA
=t

0]
]

Fth 3hA]

=

=

79

5

=

2AA e el 7 %

she] 4

[ =

) ZUE
aL
=

=
T

|

o] 2/E WA 1 ARGl AAE F7hH L gl

[¢)

173

Pz
4

S2o] 12004 1/44

-
L

2l A

5

A SAATH Fig. 10, 11).

)

ERE

L

-

g

A

£

|

4
AR 6mm 2]

Aol Aol

g]
1}



Von-Mises stress(MPa)

Fig.

Von-Mises stress(MPa)

Fig.

Von-Mises stress(MPa)

Fig.
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4. Comparison of maximum von Mises
stresses of group I under vertical
loading.
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6. Comparison of maximum von Mises
stresses of group I under oblique
loading.
80
70 ZModel 1
% EModel 4
60 é EModel 5
50 7 é
40 . |
30 / .
20 | ]
0 N
1 2 3 4 5
Reference area
8. Comparison of maximum von Mises
stresses of group II under vertical
loading.

Fig. b.

Fig. 7.

'

Fig. 9.

Stress distribution of group [ under
vertical loading (A. model 1:4.1mm
4.0mm 10mm, B. model 2:4.1mm
4.0mm 13mm, C. model 3:4.1mm

4.0mm 15mm).

Stress distribution of group I under
oblique loading (A. model 1:4.1mm
4.0mm 10mm, B. model 2:4.1mm
4.0mm 13mm, C. model 3:4.1mm

4.0mm 15mm).

Stress distribution of group II under

vertical loading (A. model 1:4.1mm
4.0mm 10mm, B. model 4:5.0mm
50mm 10mm, C. model 5:6.0mm

6.0mm 10mm).
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Fig. 11. Stress distribution of group II under

oblique loading (A. model 1:4.1mm
4.0mm 10mm, B. model 4:5.0mm
5.0mm 10mm, C. model 5:6.0mm

6.0mm 10mm).

Fig. 13.

Stress distribution of group III under

vertical loading (A. model 1:4.1mm
4.0mm 10mm, B. model 6:5.0mm
4.0mm 10mm, C. model 4:5.0mm
50mm 10mm, D. model 7:6.0mm

5.0mm 10mm).

Fig. 15. Stress distribution of group III under

oblique loading
4,0mm 10mm,
4,0mm 10mm,
5.0mm 10mm,

5.0mm 10mm).
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