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Finite Element Analysis of Supporting Bone according to
Custom Abutment Angles

Min-Gyeong Nam, Nam-Sic Kim
Catholic University of Pusan, Department of Dental Laboratory Technology, Masan University

[Abstract]

Purpose: The purpose of this study is a finite element analysis of supporting bone according to custom abutment
angle.

Methods: Implant fixture was selected with a diameter of 4 mm and the length of 13 mm. The fixture and abutment
was designed by a combination of the abutment screw clamping force to produce a custom abutment model of 0°,
15°, 25° and 35°. The loading condition of 176 N was applied to the lingual surface of the crown, near to the
incisor edge, and horizontal load. An oblique load of 90° was applied long axis of the implant fixture analyze the
stress of supporting bone.

Results: The result of mechanical analysis was observed that the supporting bone stress analysis of the horizontal
load, the von Mises stress values (MPa) are given in the order of THO00 (432.6) > TH25 (418.0) > TH15 (417.4) >
TH35 (415.8) , the oblique load, the von Mises stress values are given in the order of TO00 (459.3) > TO15
(399.6) > TO25 (374.8) > TO35 (343.4).

Conclusion: The 35° abutment over the current clinical tolerance limits will be available for clinical application.
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(osseointegration) ©]%-o|E FF Lo
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oj2|gt A= AtFUAF =SS A AY T E
oA A7]+= A 5ot Ahmad et al, 2014).
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Aof| = oJEstth(Ahmad et al, 2014).
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o AESEo] 7l ) AESHE $iA]of| mEt w29
o] Sgo] gEpA &= A& HoF3UtHBrosh et al, 1998:
saab et al, 2007: et al, 2010). 3t84 HAHe
AU AetAQl RS EAE= 7HoRE ARSE L

AcHLee, 2004).
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1. &gz
1) 3XFR AIE Do Al
At 2] uhE AA=2 58 £AS 98l A
(fixture), A|tHF(@butment), A NFUAKscrew), A A2
(bone)S HdlE 313l DA} ARFE AgeHA] g

A thFLAL] 20Nen®] A3 o & A st thFig, 1),

a:Fixture(4x13mm) b: Abutment

d: Bone

c: Screw



e:Experimental model f:Cross section view of model

Fig. 1. Parts of the implant model and bone

2) Xchs 2ol e Aot EA
A5 ke 07, 157, 257, 35" & sho] AAIgH =g 4
ol 176 No| =%, A} sk 7hsto] A =9] 5-9
w25 32 §3aa B4 522 (boundary
condition)<> Fet A= et HA|2] o] Aehio] Ux,
UY, Uz A% (degree of freedom)E 25 14
AlA Aol 2|2 W BAAY Aol fles ok
th, LAY W3 Table 10 AXsHglom o8t A&
Qlsto] A2 AEHE| de] FEEE A= EHekw
S A2 gt EAAE BAF(Young's modulus)=
110cr,, 2051 (Poisson’ s ratio)= 0.34% 3}ict, 2|2
Z(Cortical bone)?] EHdAIS(Young's modulus)+= 13.7
e, W H(cancellous bone)2 BAA4=(Young's
modulus)E 1.37ck, 3EOFE5H](Poisson’ s ratio)= 5
0.30o= sttt el 53 sk 240 et &
418 Solidwork(Premium 2013, Dassault System Co.,
France) 324 4 Z2IHE o] 85190t}

a: 0" custom abutment b: 15’ custom abutment

¢: 25’ custom abutment d: 35" custom abutment

Fig. 2. Custom abutments according to angle
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Table 1. Characteristics of each experimental model code

Direction
of loads

Horizontal Oblique
Angles of
abutment
0° THOO TO0O
15° TH15 TO15
25° TH25 TO25
35° TH35 TO35

o] 582 A2 F-919] 9 &H(cortical
bone)} YEZHE 1A (fixture)2] AHol|A LERtt},
A h5=2] skl W A A1=9] von Mises &2 4%
o] THOO-Z 432.6 wm, TH15= 417.4 wm, TH25+= 418.0
wr, TH35+= 415.8 mn YERGTHFig, 3). Ati+-2] 4%
3159] 58 E4o)A= THOO > TH25 ) TH15 ) TH35
o2 Yelgren TH002 von Mises 8 %ol
432.6 vz 7MY =4 YERES ™, TH359] von Mises
58 #hol 415.8 wn=E 71 A UEbsth TH159] von
Mises 53 %to] THO02] von Mises 52 4HEtt 3.5%

astglom TH259] von Mises 52 %kol THO02|

d: 35’ custom abutment

c: 25’ custom abutment

Fig. 3. Result of the horizontal loading condition
according to the angle of titanium abutment
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Zke] THOOS] von Mises =3

T, TH35%] von Mises 63
et} 3.9% Zraslict,

2. BAOIF2 8 24

A PR Y2 A2A 919 wAE oE
HE Aok Ao A Ykt ElekE A2 A

A& 249 Akskgoll Al von Mises 68 #Fo] TO00->
459.3 u, TO15+= 399.6 M, TO25+= 374.8 wm, TO35+=
343 4 w2 LFERHT} (Fig, 4),

Eebs A9 AAketse 32 41014 TO00 »
TO15 ) TO25 » TO35 < g ol U
ERgEe ™ TO0O von Mises 58 4 459.3 w 71
=4 Yepte™ TO359] von Mises 68 4= 343.4
wmz 7Y B UrEP*E} TO159] von Mises &8 %Ol
TO002] von Mises &2 ZHEth 13.0% HasiRon
TO252] von Mises & %}01 TOO00 von Mises 53 %t
BT} 18.4% 48+, TO352] von Mises o8 4o
TO002] von Mises 28 ZFEt} 25.9% 7451

S =2 von Mises &

Eﬁ

c: 25 custom abutment d: 35 custom abutment

Fig. 4. .Result of the oblique loading condition
according to the angle of titanium abutment
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Table 2. Stress analysis of supporting bone according to
the abutment angle and load conditions (unit: mpa)

Direction
of loads

Horizontal Oblique
Angles of
abutment
0 4326 4593
(100%) (100%)
15° 4174 399.6
(96.5%) (87.0%)
o5 418.0 3748
(96.6%) (81.6%)
35° 4158 3434
(96.1%) (74.8%)
v, o &

A F(Abutment)®] ZHeol| w2 2 x| Z(bone)2]
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Solidwork 0.2 3}¢1. 0 3|2 (Cortical bone)2t 3l
SolA Hd57Hs- 2 (maximum

Bt Hu waEoz
176N & $=H5l21 AABEES AFslert 28 B
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(Tian et al, 2012), 243 279 2 39 go
5 7R AgFE 15% & AR s E ot
(Saab et al, 2007).

Elehas A2 g AollA] 07 Aol A] 71 =
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AA e e 7ke] g4
wote ol2eh A
=710 whet 2 A3} gro] thEA U o e ﬁgi +
ZHHNam, 2015).
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