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ABSTRACT

Finite element analysis of the implant according to the
fixture design and the bone quality

Song, Hee-nam, D.D.S., M.S.D.
Advisor: Prof. Kay, Kee-Sung, D.D.S., M.S.D., Ph.D.
Department of Dentistry,

Graduate School of Chosun University.

The propose of this study is to know how the stress is transmitted to the bone
using 3-dimensional finite element analysis according to the direction and
magnitude of loading applied to the implant, the cortical bone thickness, cancellous
bone quality and the implant fixture design.

The models of USI (universal straight implant) and USII(universal tapered
implant) of external type AVANA implant (Ostem Co., Korea) were selected.

The cortical bone thickness was divided into the normal thickness of 2.0mm and
the thin thickness of 0.5bmm. The material properties of the cancellous bone was
divided into the typell - of 1,370 MPa (A), type M-IV of 950 MPa (B), over than
type IV of 550MPa (C). The magnitude of loading was used with the 200N and
400N. The direction of loading was selected to the vertical load(A) paralleled to the
load axis at the central fossa, and to the oblique load (B) of 15° at the buccal cusp

toward the central fossa.

The following results were obtained :

1. The stress distribution by the implant fixture design was not different

significantly, but the maximum stress equivalent to the alveolar bone was smaller



to the tapered implant design than the straight implant design.

2. The thickness of the cortical bone was more influenced to the stress
distribution than the quality of the cancellous bone.

3. The worse the quality of the cancellous bone was, the greater the stress to the
cortical bone was concentrated and the greater the value of the maximum
equivalent stress was.

4. As the magnitude wes increased from 200N to 400N, the value of the
maximum equivalent stress was increased two times.

5. The maximum stress equivalent of the oblique load than that of the vertical

load was shown worse.

Above these results, the cortical bone thickness was most influenced among the
many factors influenced to the stress distribution of the implant, and specially the
unfavorable stress distribution was shown in case of the 0.5mm thickness of the
cortical bone and the oblique load. The magnitude of the patient’s masticatory
power must be recognized in the implant prosthetic design because the magnitude
of load 1s the directly influencing factor to the maximum stress equivalent.

The implant fixture design of the straight type and the tapered type was not
influenced significantly, but the maximum stress equivalent of the tapered design
was smaller than that of the straight design, and also the stress distribution of the
tapered design was better than that of the straight design as it was not different

significantly.
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1. AFA=

EoAGgo A AlgE nde (F) e 2do] AVANA dZWHEZ A, external type

9] USII (universal straight implant)— Model 13}  USII(universal
implant)—Model 25 A Ed=z HAEs9h(Fig.l). ol &+ o Ads 4
A7l el AAl YEARNE BFo dAEHA AT Aotk =

© 13 mm °o]3, A7 4 mmeola, AELZ Boletmol Attt Ao BA

E By AgFE AbEste] AAL Elolehmol Tt AU F WAL
Bgolil AT YA Y7 FEAE Hxlom A, 53 E0

A FAE 8 mm, <€A F4L 11 mmY AFS#HS dd9ed

— e Hex 37

Hax 3 T
f‘lil:h_nm-
or 1 :
'.HI
5 1
Lk i pe| L
1
A '
Model 1 (straight) Model 2 (tapered)

Fig. 1 Schematic representation of the implant fixture design
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de] o AFE AN A Iron CADIron CAD, USA) softwareE AF£3}%
3, 38 A A R (mesh) ¥ poste= NISA (EMRC/DISPLAY I, USA)E o] &3}l
Fadar ndS AFeATt. AA(mesh) = 8273 824 (8 node isoparametric

element)S AF&3F% 3, node?t element:= oF#l ¢ Tablel®} Zt}.

Table 1 The number of nodes and elements in this study

Number
Model Element Node
Model 1(straight) 81183 435948
Model 2(tapered) 76725 401569
2 =g X" (cortical bone), 3HH(cancellous bone), YEFHE LA A
(fixture), A th5=(abutment), #l 5 Al(abutment screw), %5 #(crown), A oj
F WA JTE A FEAE #XoR FASAT. skt Al 1t A R st

rdgste] 3y JdZAEV 100% =+ H23E Aoz A AT, Ad

o
=
AbgE A s, Al A, A9 T2 A5 7AF EAo] Hdst



2 ATE stdEy AldTA FHE JAEA 1564 mm, <94 74 24 mm,
=o] 264 mm HAa g, T dZFHEE A g, AxHFe AEFY 3
W2 BFs90. x12Fo F7AE A9 20 mme &S 05 mm FIHAE
U Ao

Azdezt QEAE} WA 2ol olwd YFOoRE WL WA @
E2, x v, 2 A WO TEeAh nAAL B Aol AWML 100%9] 2

Aejgol wel A wde] = ofefo] Ty} o (Fig2, 3)

Fig.2 Schematic representation of implant in the cylindrical implant

under cortical bone 2.0 mm



Fig.3 Schematic representation of implant in the tapered implant

under cortical bone 2.0 mm

2) 4 * (material property)

AbgE B4 29 S A (Young's Modulus: E)9F FE9k42] ¥](Poisson’s ratio:
wE Aste] A8E Fuske]' A4 Ao TH(Table 2). FHo| W sz =
A5 37A & gk th 1,370MPa(A)> type II-MI, 950MPa(B)2 type M-IV,
550MPa(C)& type Vol 4oz 434



Table 2 Material properties assigned to different material compounds of finite

element model

Materials Young's Modulus : E (MPa) Poisson’s ratio : v
cortical bone 13,700 0.30
cancellous bone A 1,370 0.30
cancellous bone B 950 0.30
cancellous bone C 550 0.30
titanium 115,000 0.35
gold crown 96,600 0.35
resin 9.700 0.35

3) 5 %7 (load condition)
59 Z7]= 200N 400NS A&3lsitt. st%
3y W] 2 TS A TS wFo FA HFow 15 HAR AAEFT B

 CER e

Fig. 4 Loading condition: A-axial load at the central fossa, B-15" inwardly

oblique load toward the central fossa at the buccal cusp.
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Table 3 Conditions of finite element model used in this study
Classification

Condition

Implant fixture design straight, tapered
Magnitude of load 200N, 400N
Axial, 15° Oblique

Direction of load

Thickness of the cortical bone 2.0 mm, 0.5 mm
A typell -1
Quality of the cancellous bone B: typelll-IV
C: type more than IV
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o] B AA e tH(Table 4). & £, straight Tt Ao A, F2 5 Ao &
= 20 mm 9 W&, dMHET FHol AdA B, CE ywAH Z+7Z 19.89MPa,
57.95MPa, 58.57MPaz H g gto] S7kst= Wb, 9@ = o] 05 mm o o ZH7
20.75MPacl A 305.7MPa, 3284MPazZ & Z7}E HE ot (Table 4).

shA R, sEE Edo] ymAw, Aol o] oL JFEHO U= &
of Ao ZxHA ¥e AL #FD £ Yo £, AASHUE AA= As

ol AXY SAREEel FEe W Aw, @x Ao Fojx
B tHFig 3-6). &, 8% =717} 200Nel A 400Nez ZF7betwl, Hog=Eghe
7ol 282 F kst tH(Table 4).
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Table 4 Maximum equivalent stresses (MPa) in alveolar bone under various
conditions : 1. cortical bone thickness 2. cancellous bone quality (A: type II-
I , B: type M-IV , C: type more than IV) 3. load direction ( axial, oblique) 4.
magnitude of load (200N, 400N) 5. implant design (straight, tapered)

Cortical  thickness
magnitude of load 2.0mm 0.5mm
cancellous bone
ol dhection 200N 400N 200N 400N
A 19.89 39.78 20.75 41.5
axial B 57.95 115.9 305.7 611.4
Model 1 C 58.57 117.1 328.4 656.7
(straight) A 24.14 48.29 23.7 474
oblique | B 62.36 1247 322.7 645.4
C 63.63 1273 354.5 709.1
A 18.64 37.29 20.35 40.7
axial B 45.02 90.04 283.8 567.5
Model 2 C 45.19 90.36 303.1 606.2
(tapered) A 21.31 42.63 24.47 48.94
oblique | B 49.03 98.06 300.4 600.8
C 49.34 98.68 328.2 656.4

7)
AdZAME A A (fixture), A hF(abutment), A hHF YA} (abutment screw), &3

(crown)ell 22 & s 272 Table 59F #t}.

2E 24 A g Fel dehgor], Fud dehle dEge ¢
gl e gro] Matdon, Fdd wE WEHe g 9x, el v s

_12_



200Nl A 400Ne = 2w} F7hebd Heledge 2v F7hskedeh
WAL, AdFel dee shEe AL T2 2 mmdY 0=
Wglo] whel HE AolE Holx AW 05 mm Y WE F
= 3tFe A7I7F AR B9, g2 A

7} FAAQ R Age HANSHEaS B YEhd

Table 5 Maximum equivalent stresses (MPa) in the fixture, abutment, abutment
screw, crown under various conditions

bone quality (A: type I - , B: type M-IV , C: type more than IV ) 3. load

1. cortical bone thickness

2. cancellous

39 straight & Bl 2.t} tapered & ol A

direction ( axial, oblique) 4. magnitude of load (200N, 400N) 5. implant design
(straight, tapered)
Cortical bone : abutment
fixture abutment crown
Magnitude of load SCrew
Cancellous bone 2.0mm 0.5mm 2.0mm 0.5mm 2.0mm 0.5mm 2.0mm 0.5mm
Load direction
Model 200N 400N 200N 400N | 200N 400N 200N 400N | 200N 400N 200N 400N | 200N 400N 200N 400N
A [44.29 8858 61.19 122.4|27.92 55.84 28.05 56.1 [44.29 8858 61.19 122.4|2376 4752 2376 4752
axial | B [5853 117.1 2065 412.9|46.61 93.23 206.5 412.9|43.99 87.98 113.7 2275|2376 4752 2376 4752
Model 1 C [59.16 118.3 227.2 454.4|46.83 93.77 227.2 454.4|44.44 88.83 125.7 251.4| 2376 4752 2376 4752
(straight) A [44.31 88.62 58.7 117.4]43.64 87.23 44.77 89.55|41.31 88.62 587 117.4| 588 1176 588 1176
oblique | B |62.84 125.7 199.1 398.3|57.33 113.9 199.1 398.3|55.48 111 124.1 248.1| 588 1176 583 1176
C [64.19 1284 213.7 427.5/57.33 114.7 213.7 427.5(55.72 111.4 133.9 267.8| 588 1176 588 1176
A [34.94 69.88 47.18 94.36|28.07 56.14 28.85 57.7 |34.94 69.88 47.18 94.36|3613 7226 3613 7226
axial | B [3851 77.02 2238 435 [39.96 79.92 150.5 301.1{37.19 80.1 100.7 201.3|3613 7226 3613 7226
Model 2 C [38.94 77.87 2459 486.2 40.2 80.39 164.8 329.6(40.33 80.66 110.2 220.4|3613 7226 3613 7226
(tapered) A [40.71 81.43 48.25 96.49|43.79 87.57 44.15 88.3 |35.01 70.03 48.25 96.49| 588 1176 588 1176
oblique | B |42.17 84.33 217.5 447.5/49.44 98.88 146.1 292.2(/50.99 102 108.6 217.2| 588 1176 588 1176
C [42.96 85.92 243.1 491.7|49.68 99.37 156.7 313.4|51.18 102.4 116.4 232.9| 588 1176 588 1176

_13_
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o
400N

o

Thickness of cortical bone 0.5 mm

Fig. 5 The stress contours of model 1(straight) under axial loading condition
(A: type O-II , B: type M-IV , C: type more than IV )
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400N
@ |

Thickness of cortical bone 0.5 mm

Fig. 6 The stress contours of model 1 (straight) under oblique loading condition
(A: type O-II , B: type M-IV , C: type more than IV )
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400N

] -

Thickness of cortical bone 2.0 mm

200N

]
100N

]

Thickness of cortical bone 0.5 mm

Fig. 7 The stress contours of model 2 (tapered) under axial loading condition
(A: type O-II , B: type M-IV , C: type more than IV )
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200N
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] -

2.0 mm

200N

]
100N

] 0 0

Thickness of cortical bone 0.5 mm

Fig. 8 The stress contours of model 2 (tapered) under 15 oblique load
(A type O-1I , B: type M-IV , C: type more than IV )



200N
100N
A g
Thickness of cortical bone 2.0 mm
200N
100N

Ed - S L

Thickness of cortical bone 0.5 mm

Fig. 9 The stress contours of model 1(straight) in the sagittal view under axial

loading condition ( A: type II-1I , B: type M-IV , C: type more than IV )
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200N
100N
A g
Thickness of cortical bone 2.0 mm
200N
100N '

B ~ SRR 4

Thickness of cortical bone 0.5 mm

Fig. 10 The stress contours of model 1 (straight) in the sagittal view under

oblique loading condition ( A: type I-II , B: type M-IV , C: type more than IV )
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200N

400N

RE

200N

400N

e ‘ o o

Thickness of cortical bone 0.5 mm

Fig. 11 The stress contours of model 2 (tapered) in the sagittal view under

axial loading condition ( A: type I-I0 , B: type M-IV , C: type more than IV )
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w ‘ g
Thickness of cortical bone 2.0 mm
200N
"
400N

[

Thickness of cortical bone 0.5 mm

Fig. 12 The stress contours of model 2 (tapered) in the sagittal view under

15 oblique loading condition ( A: type II-II , B: type M-IV , C: type more than IV )
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Fig. 13 The stress contours of model 1(straight) in the view from the above
under axial loading condition ( A: type I-II , B: type M-IV , C: type more than IV )
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77\ 7\ e
vy
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400N 2
=

Thickness of cortical bone 0.5 mm

Fig. 14 The stress contours of model 1 (straight) in the view from the above

under oblique loading condition( A: type I -1I , B: type M-IV , C: type more than IV )
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s

AT

Thickness of cortical bone 0.5 mm

Fig. 15 The stress contours of model 2 (tapered) in the view from the above

under axial loading condition ( A: type O-MI , B: type M-IV , C: type more than IV )
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Fig. 16 The stress contours of model 2 (tapered) in the view from the above
under 15 oblique loading condition ( A: type O-II , B: type M-IV , C: type more than IV )
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