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— Abstract

THE THREE DIMENSIONAL FINITE ELEMENT ANALYSIS OF
THE STRESS DISTRIBUTION ACCORDING TO THE THREAD DESIGNS AND
THE MARGINAL BONE LOSS OF THE IMPLANTS

Il-Kyu Kim, Choong-Yul Son*, Keum-Soo Jang, Hyun-Young Cho, Min-Kyu Baek, Sheung-Hoon Park
Dept. of Dentistry, College of Medicine, Inha University
*Dept. of Naval Achi & Ocean Eng., Inha University

The objective of this study is to evaluate the stress distribution according to the thread design and the
marginal bone loss of a single unit dental implant under the axial and offset-axial loading by three dimen-
sional finite element analysis.

The implants used had the diameter of 5bmm and 4mm with 13mm in length and prosthesis with a coni-
cal type which is 6mm in height and 12mm in diameter. The thread designs were triangular, square and
buttress. In the three dimensional finite element model with 15X 15X 20mm hexahedron and 2mm cortical
thickness, implants were placed with crown to root ratio 7:12, 10:9, 13:6 and 16:3. And additionally the
axial force of 100N were applied into Omm, 2mm and 4mm away from the center of the implants.

The results were as follows

1. The maximum von-Mises stress in cortical bone was concentrated to cervical area of implant, and in
cancellous bone, apical portion.

2. Comparing the von-Mises stresses in cortical bone of 2mm and 4mm offset loading with central axial
loading, it were increased to 3 and 5 times in diameter 4mm implant, and 2 and 4 times, in diameter
5mm implant.

3. The square threads were more effective than the triangular and butress as the longer diameter, the
offset loading, and the worse crown to root ratio.

4. The von-Mises stresses were relatively stable until crown to root ratio 13:6, but it was suddenly
increased at 16:3.

From the results of this study, minimum requirement of crown to root ratio of implant is 2:1, and in the

respect of crown to root ratio, diameter and offset loading, square threads are more effective than triangu-
lar and buttress threads.

Key words: Implant, Thread, Crown to root ratio, Finite element analysis
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X3} AZHE= 19839 Branemark”el| &3] avld = 1. 2tZ9 28
2o Jd e vt e g d714Q s AFste Ad
A d zEolo gk 7124 AT AAAQ Hgo] A= Ao mdle slekze A 1 U] HFES Ve s
oA gkon, olgd THAA UZHEE FE e ¢ A7ete] Eol 20mm, F2 7t A2 BF 15mme] 8t
A FAG St AEd AR ot &Sk 9], otz RYS Ao, ofge AR Imm, 3=
ZHE ApAR o} B Az o] 2R ef| o) &G 7]E9] A 5AR 2mm, PAZE 1.5mme AEES 443193 Yriz|
BHAE A9 dHES FH3I 754, AnH oz g e ddEz Agsdnt (Fig. 1).
FE ARE AFTE T A st g FA Y A5 Branemark”#} Brunski”e] A7l m2H, JZAE S
A A4d dZHEES 2413 A3} Adell 528 AolM e 9 AUz 754 Fals ¥S 7% “laminalization”©]
78%, st A= 86%<] &< Hustd, 5 74 WA o] Bl ol met £ Ao RAA T QEUE
oF Aol Al A8H YZHEE AR 23 Friberg 57 Yol 0.5mm9 interface bone, & %= (lamella bone)
o Ayeta) shehs A gsto] 98.2%9 AFES Husile = AAste] A et (Fig. 1).
™, Laney &< ©¥x| YZHEZ w25t 97.2%< 4
FTES Hausiych 2. 78t R4 BHo| HA|

a2y, ol g JEHES] 22 JFEAE B8t 7]
A A S e AT dEZAES] Ayt Husa gl TS YA o] JZAE A A7 W3l 3 9] 25
on, 7% A Aile FE AFE @A AY, B Fo oet &8 E2E dolR AL, AUAL AFZRAL A
A @2 S YT o] & YZUES 27| Fsiet W AGUAL 3714 T79 YZHES BdR 5o (Fig. 2),
7V o, 37 A dZHE FY (23 A A3} A7RS 242 Amme SmmE A3 ekaL o179 #°] 6mm,
2 7P% &5 23 sidor’ e YZHE F9 223 B A7 12mme] 9% Fejo] RAES 7Pdste] AAsH
o Hrgt oML AH g JZHE FHE 2 ¢ Aok YEZHEE 459 F AHeGn, JZHE 4
IHE A2 ol|A] g wiE o] Anfo|n], Egh XE o] T ImmE 4= =ZAIA wAE 12mme] =&
e T = gt witdEo] M ts 7S B E AZHE #2247 3mmA e E55E AAls 4]
stk & ThE Jd=ZHE Ao iE JITES o JEHE 22H9 ZolE 12mm, 9Imm, 6mm, 3mm2|
AL E T U 2ot AL A =2 g 2 W 7 E ARsatt a2l JEZHES AAFoA 24
ol AN daj&o] F7teta 240l YETSE AFE 2 11.8mm "ojd F9d wtE At o] &
T 7ttt 1.2mm EololA FFo 2 At 2HEE HAHYsH A8t

AZHET} Xol5 iAlote &3 22U E E78ta Aot (Fig. 1).
WY T FAHAAN TSt theFet e AEote Wk fretad B ARRE 7EAE JEgES] o o
o] x|oke} FH g xfol7} Qlrk, A|ok= A e} glo] 1 A Y= AAsta e, G5l 249 B 72 X
e 59 S0 #ed ) JA, Fotd, WdE AR =9 75 A%s

AR S0l X3 Qo] Hede] JA= Qe F71H4
ol 28-S 2 =ik, JZHEE $8 F524 0 3. 7% 4 otF =7
glonz FU A% oM x g 54 JAZ 7}
AW BHEE = w3y o= Qi 1ad YT Aol 7AA 22 (boundary condition)2 2ZF 2 dHZ]
Ueht Al ety ged B2 BAl Sl TAsH g Ao A TS GrE of7] el stetE Bdo

aYBR QEGAES A7 Ao, FH E Uik JH| WS XY, 73 e 7 9l 74 XA}
WA Al T2 W3t AlA JZHE Fo 7k $ ate 20 v E AR 77 dlellA] dolues Fe] BE
= HAAA F= Aol Fasitt Wk A ThekstA dojuA|Et o] AES BT HdskE A

old, & A= YZHEE o= A A& 73t o] E7lgsl7] wiel AF BEES F4l, AN 2t
o §3 94 BEE A, AR AU AFZAL 2 2mm¢t 4mm ol gl 100N F48-& 487
A GUAL AZFEAA WAL Fejo} 4] JZHES] X o224 cantilever EHE o]&3dt] FHELZ T Fd
T A2H], F JZHE FHF FFol wE Y £EE ataAl aisith. o] W 71etg A 9 shs 2] oA X7
32k 3 A B Bl skl Bt uel, 2dle 1/2 Bdesle] i xds Fasith
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W9 Axoll= FHatths A3 @4 (linear elasticity) =
7t

FHRAE o] &3 &9 LA N B9 testel 84 Azl A2 42 2 2 @AF(Young s
o] A4 Ak 98l Bdle] Beld EAL, AR VA modulus of elasticity) ¢ Poisson s ratio= Cowin'®<]
4 54o] FLelthe 24 (homogeneity), AR 54 232 Fnz dgon YTVES B4 Sakaguichi
2 g9 ATl X VY, Z 3WFe R st T ¢} Borgersen'"¢] 4E Wit} (Table 1).
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Fig. 1. Schematic drawings of the experimental model and implant design.
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A. Triangular thread B. Square thread C. Buttress thread

Fig. 2. Schematic drawings of the implant thread designs.

Table 1. Physical properties of the materials used in the analysis

Young s modulus E (Mpa) Poisson' s ratio
Implant (pure Ti) 1.1x10° 0.35
Interface bone 1.5x10* 0.30
Cortical bone 1.5x10* 0.30
Cancellous bone 1.5x10° 0.30
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3). JAzdAe] A 7 L AZHES} 9H 0
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ALY dZfES Aol 5. 0mmelx, T zE
Hﬂi Zo] 12mm, 9mm, 6mm<} 3mm¢e 4§, YZHE 4

T HALA FAF WY ot WS W A EdA
A o S8k (Mpa)el 47 2.60, 3.01, 4.39 2
5.31 & Uetkar, SAelA 2mmEol7l F-9ld] af55
de w AAZA BT A S (MPa)S 7+t
6.91, 7.23, 8.86%} 13.892 Yehton, Z4loA 4mm
Holzl F9lof ataS wekS u @Il TS Hu
SHH(MPa)2 47 11.78, 12.16, 14.94 2 22.57=
YEeT} (Table 2, Fig. 5, 6, 7).

270l 5.0 mmSl AFALE AZTRE FAd e
74 A AZAE FF9] =olrt 12 m, 9mm, 6mm
9 3mmz F5gol uet ol 5= %ko] 47} 2.62, 3.38,
3.74 ¥ 9.96= Mzt '_47]'01'%}\—]— & Zste] FAldA
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5.28, 5.52, 6.50 ¥ 17.99%2 Yelyt}t. w3k FAoA
Amm Blold X stFS 7k A% 247 9.15, 9.62,
10.92 ¥ 28.42=2 YRt (Table 2, Fig. 5. 6, 7).

ANGYUAL AZHE Al dta 713 4§ dx&
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FA A 2mm Blojd 2o st
e 71 25 Al 8 %ko] 7}zt 5.68, 7.83, 19.13,
EE

30.43% YRt FA A 4mm "ot X 35
< 718k A% 242 9.56, 13.08, 32.34, 51.598 Yeh}
Aol H S YIZHE FH 0 EE—’F%
S ko] fastlon, FACRRE Hojd o das
VS S gte] Skt (Table 2, Fig. 5, 6, 7).
ol 4dmmA7] YEZHEAJME FU AFgFE B
(Table 3, Fig. 8, 9, 10)

2. siHZol|lM el =|CH S24Zk H|w

szl A Ao 571 SHL YEZHES A F
o =] FEH A AT A YA =z
9] Z7o] 5.0mmelx, ¢ #E =F¢] 12mm, 9mm,
6mmet 3mm¢l AF, YZHE FH BB TS
Wkl sk Woks W sfHIoA B Hd sEgk
(Mpa)ol 7+t 1. 10 1.20, 2.50 % 2. 19§ e, 5
Ao A 2mmEo]R Hof| 3152 WS w) & H ol A
HAe Al Sk (MPa)< 27 2.12, 2.11, 3.629
3.952 yepyton, F4ldA dmmEoRl T sts=
ok o s EolA B Hd S E(MPa)S 44
3.46, 3.37, 5.82 % 6.17= Yelgtt (Table 4, Fig. 11,
12, 13).

7}61 R %]*E}E ZH o] %ol7} 12mm, 9mm,
6mm % 3mm=Z FFEol web Hd S gke] 747
1.25, 1.34, 1.47 9 2,012 Z7k6l99a, 28 248}
FAA 2mm Yol X atgS 7het A5, Hul &3
#ol Z+7+1.89,1.98,2.39 ¢ 4 102 Yepyith, =3 F
Aol 4mm A Xl 55 71 S 247 3.05,
3.17, 3.71 2 6.36% YET (Table 4, Fig. 11, 12,
13).

270l 5.0mmel AXFUAL ZHJE FAld| st 7}
3 A4S dZHE FYF9 Fol7t 12mm, 9mm, 6mm,
3mm=z F5gol wteh Hdl g gke] 47 1.17, 1.29,
1.42, 3.32% —7}0}»,\.1- %—3— z7ste] FAlolA 2mm
glojyd o sta& 7k A5 HulgHgtol 2tz 2.13,
2.12, 2.75, 777_% ‘/}E}‘/L‘:} £ FAAA dmm HA| g
2o 35 71k S 244 3.48, 3.38, 4.35, 12.862.%
3 Zol| A ‘JrE‘rUr— Ao $EFE YZHE F9Z0| =
=75 St Ao, FHCRTE Holzl 3o
a5 7FTE SEgke]l skt (Table 4, Fig. 11,
12, 13). o]+ 274 4dmm YZHENM L A3t AaS

B9} (Table 5, Fig. 14, 15, 16).
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Fig. 3. The stress contour of the cortical bone according to loading point of the 4mm diameter
and 12mm height triangular implants.
A. under central axial loading, B. 2mm offset axial loading, C. 4mm offset axial loading
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Fig. 4. The stress contour of the cortical bone according to the marginal bone loss of the 4mm
triangular implant under 2mm offset axial loading.

A. 12mm residual bone height, B. 9mm residual bone height,

C. 6mm residual bone height, ~ D. 3mm residual bone height
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Table 2. Maximum von-Mises stress(MPa) in the cortical bone with 5 mm diameter triangular, square and buttress
type implants

P = 12mm 9mm 6mm 3mm
Omm (tria) 2.60 3.01 4.39 5.31
Omm(squ) 2.62 3.38 3.74 9.96
Omm (but) 2.60 2.90 3.40 13.54
2mm (tria) 6.91 7.23 8.86 13.89
2mm (squ) 5.28 5.52 6.50 17.99
2mm (but) 5.68 7.83 19.13 30.43
4mm ((tria) 11.78 12.16 14.94 22.57
4mm (squ) 9.15 9.62 10.92 28.42
4mm (but) 9.56 13.08 32.34 51.59

H: Supporting bone height(mm), F: Point of force(mm), tria; triangle, squ: square, but; buttress

16 35
14

30 A
12 // » / /_
, /} / —4— Omm(tria) 2 /l —a— 2mm(tria)

8 Pa
—&- Omm(squ) 15 —— 2mm(squ)
e ™ . S e
0 0
12mm omm 6mm 3mm 12mm 9mm 6mm 3mm
Fig. 5. Maximum von-Mises stress in the cortical bone Fig. 6. Maximum von-Mises stress in the cortical bone
according to the marginal bone loss of the bmm diame- according to the marginal bone loss of the 5mm diame-
ter implant under central axial loading (MPa: megapas- ter implant under 2mm offset axial loading (MPa:
cal). megapascal).
60
50 -

40 //
20 —4— 4mm(tria)
/ / —— 4mm(squ)
.

20 ~a— 4mm(but)

10

12mm Imm 6mm 3mm

Fig. 7. Maximum von-Mises stress in the cortical bone
according to the marginal bone loss of the 5mm diame-
ter implant under 4mm offset axial loading (MPa:
megapascal).
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Table 3. Maximum von-Mises stress(MPa) in the cortical bone with 4mm diameter triangular, square, buttress
type implants

7 kL 12mm 9mm 6mm 3mm
Omm((tria) 3.48 3.99 4.34 6.25
Omm (squ) 2.87 3.55 4.24 12.32
Omm (but) 2.92 3.40 3.88 5.65
2mm (tria) 10.22 11.48 14.90 19.35
2mm (squ) 9.43 9.90 10.37 29.07
2mm (but) 10.21 10.86 13.04 15.21
4mm(tria) 17.76 19.93 25.53 32.52
4mm (squ) 16.90 17.79 18.68 47.15
4mm (but) 17.60 18.45 21.69 2493

H: Supporting bone height(mm)
F Point of force(mm), tria; triangle, squ: square, but; buttress

14 35
12 /— 30
10 25 //

/ —&— Omm(tria) / —— 2mm(tria)
6 A —- Omm(squ) 15 v —- 2mm(squ)
—a— Omm(but 2mm(but
al EZ (but) 0| ,-sé —— 2mm(but)
2 5
0 0
12mm Imm 6mm 3mm 12mm 9Imm 6mm 3mm
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Fig. 8. Maximum von-Mises stress in the cortical bone
according to the marginal bone loss of the 4mm diame-
ter implant under center axial loading (MPa: megapas-
cal)

Fig. 9. Maximum von-Mises stress in the cortical bone
according to the marginal bone loss of the 4mm diame-
ter implant under 2mm offset loading (MPa: megapas-
cal)
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Fig. 10. Maximum von-Mises stress in the cortical bone
according to the marginal bone loss of the 4mm diame-
ter implant under 4mm offset loading (MPa: megapas-
cal)
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Table 4. Maximum von-Mises stress(MPa) in the cancellous bone with 5Bmm diameter triangular, square, buttress
type implants

7 H 12mm 9mm 6mm 3mm
Omm((tria) 1.10 1.20 2.50 2.19
Omm (squ) 1.25 1.34 1.47 2.01
Omm (but) 1.17 1.29 1.42 3.32
2mm (tria) 2.12 2.11 3.62 3.95
2mm (squ) 1.89 1.98 2.39 4.10
2mm (but) 2.13 2.12 2.75 7.77
4mm(tria) 3.46 3.37 5.82 6.17
4mm (squ) 3.05 3.17 3.71 6.36
4mm (but) 3.48 3.38 4.35 12.86

H: Supporting bone height(mm)
F': Point of force(mm), tria; triangle, squ: square, but; buttress

35 / 9
8
3
/ 7 /
25 - 6 /
s 7
2 / —e— Omm(tria) 5 7 —e— 2mm(tria)
15 —m— Omm(squ) 4 /‘7,_7'7 - 2mm(squ)
—&— Omm(but) 3 —— 2mm(but)
! 2 74;@/
0.5 1
0 T 0
12mm 9Imm 6mm 3mm 12mm 9mm 6mm 3mm
Fig. 11. Maximum von-Mises stress in the cancellous Fig. 12. Maximum von-Mises stress in the cancellous
bone according to the marginal bone loss of the 5mm bone according to the marginal bone loss of the 5mm
diameter implant under central axial loading (MPa: diameter implant under 2mm offset axial loading (MPa:
megapascal). megapascal).
14
)l

12 /

10 /

8 ——. Amm(tria)
— - 4mm(squ)

6
4 ; i 2 —a—. 4mm(but)

12mm omm 6mm 3mm

Fig. 13. Maximum von-Mises stress in the cancellous
bone according to the marginal bone loss of the bmm
diameter implant under 4mm offset axial loading (MPa:
megapascal).
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Table 5. Maximum von-Mises stress(MPa) in the cancellous bone with 4mm diameter triangular, square, buttress
type implants

B A 12mm 9mm omm 3mm
Omm (tria) 1.26 1.51 1.77 2.54
Omm (squ) 1.15 1.52 2.00 2.83
Omm (but) 1.23 1.52 2.03 2.60
2mm(tria) 3.27 3.17 3.62 5.95
2mm (squ) 3.12 3.34 3.74 5.87
2mm (but) 3.46 3.39 3.90 6.25
4mm(tria) 5.48 5.25 5.83 9.49
4mm (squ) 5.21 5.50 5.99 9.36
4mm (but) 5.82 5.61 6.31 11.00

H: Supporting bone height(mm)
F; Point of force(mm), tria: triangle, squ: square, but; buttress
3 7
25 A 6 /7
/ 5 /
2
15 —&—1 omm(tria) 4 J == 2mm(tria)
) —8— Omm(squ) 3 1 —&= 2mm(squ)
1 = Omm(rev-but) 2 —&— 2mm(rev-but)
0.5 1
0 0 .
12mm omm 6mm 3mm 12mm Imm 6mm 3mm

Fig. 14. Maximum von-Mises stress in the cancellous
bone according to the marginal bone loss of the 4mm
diameter implant under central axial loading (MPa:
megapascal).

Fig. 15. Maximum von-Mises stress in the cancellous
bone according to the marginal bone loss of the 4mm
diameter implant under 2mm offset axial loading (MPa:
megapascal).

12

10 /‘/&
; /
—#— 4mm(tria)

6
J & 4mm(squ)

4 —&— 4mm(rev-but)

12mm 9mm 6mm 3mm

Fig. 16. Maximum von-Mises stress in the cancellous
bone according to the marginal bone loss of the 4mm
diameter implant under 4mm offset axial loading (MPa:
megapascal).
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