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Stress distribution of implants with external and internal connection

design: a 3-D finite element analysis
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Purpose: This study aims to analyze the stress distribution of mandibular molar restoration supported by the implants with external
hex and internal taper abutment connection design. Materials and Methods: Models of external connection (EXHEX) and internal
connection (INCON) implants, corresponding abutment/crowns, and screws were developed. Supporting edentulous mandibular

bony structures were designed. All the components were assembled and a finite element analysis was performed to predict the

magnitude and pattern of stresses generated by occlusal loading. A total of 120 N static force was applied both by axial (L1) and
oblique (L2) direction. Results: Peak von Mises stresses produced in the implants by L2 load produced 6 - 15 times greater than
those by L1 load. The INCON model showed 2.2 times greater total amount of crown cusp deflection than the EXHEX model.
Fastening screw in EXHEX model and upside margin of implant fixture in INCON model generated the peak von Mises stresses by
oblique occlusal force. EXHEX model and INCON model showed the similar opening gap between abutment and fixture, but intimate
sealing inside the contact interface was maintained in INCON model. Conclusion: Oblique force produced grater magnitudes of
deflection and stress than those by axial force. The maximum stress area at the implant was different between the INCON and

EXHEX models. (J Dent Rehabil Appl Sci 2017;33(3):189-98)
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EXHEX

@ii

Fig. 1. (A) Cross sectional view of disassembled implant
components with external hex connection (EXHEX), (B)
Disassembled implant, crown and supported mandible
of EXHEX model.

INCON

11

Fig. 2. (A) Cross sectional view of disassembled implant
components with internal conical connection (INCON),
(B) Disassembled implant, crown and supported
mandible of INCON model.

£

Table 1. Materials used in models of molar restoration supported by implant and alveolar bone

Young's modulus Poison's ratio References
Y-TZP zirconia 2.10E+11 Pa 0.31 21,22
Ti-6Al-4V 1.10E+11 Pa 0.35 16,17,19
Cortical bone 1.00E+10 Pa 0.30 28
Cancellous bone 1.37E+09 Pa 0.30 19, 25
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Fig. 3. All nodes on the lower surface of the tooth were
constrained in all directions (X, Y and Z), as a boundary
condition. The static axial (L1) and oblique (L2) forces
were applied vertically on the tooth at the occlusal
contact points. 3-D solid models were meshed with
tetrahedral elements.
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BAfES (L2) 0] ol 83 2%

AN hs) A A9 S E % A9 nn

tg oo

o

1ZTE Yo B85k Zo ZojMA 282 EXHEX
SO A] 15H] = ;OH INCON EEoj|A= oHl] A &
3ttt EXHEX 2do] =9 UAloA] 608.3 MPa,

187 INCON RelofA] ZE Ao Y= At

HoM 564.3 MPaZ Zof] ZuR|A 23S AFA3ich %]
ZFZONE =& ZnjA SEo] AZHE x| 4 AH
A&z AFE, 2o E0jAA §82 EXHEX &

Max. VM stresses in the implant, crown and bone

(MPa)
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i

Crown Bone
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Fig. 4. Maximum von Mises stresses generated in the restoration, implant and supporting bone by L1 and L2 loads.
Note oblique occlusal force produced much greater peak stress in implant than that in axial load.

Table 2. Maximum von Mises stresses generated in each part of implant by occlusal loading

Implant parts

C ti Load directi
onnecton type oad direction Fixture Screw Abutment
Vertical 18.1 40.8 30.3
External hex .
Oblique 365.3 608.3 211.3
Vertical 49.3 92.1 56.9
Internal cone .
Oblique 564.3 554.3 321.9

Unit: MPa.
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dof| A 128.6 MPa%] 1l INCON EHof A= 161.6 MPa
o]t EXHEX 2H9] ETE LpAloA] BAEHE
oﬂ sl WAYsHE SEo] B AJPe] RE M RE

F ol &A% 7M=& S8 3hs B UTH(Table 2,
Flg. 4-7).

Vs '
\ '

L2
, INCON

Fig. 5. Maximum von Mises stresses generated in the
implant fixture, screw and abutment of external hex
butt connection type by L1 and L2 loads. The deflection
is 10-fold magnified for visualization. Note the peak von
Mises stress around the second thread of the screw by
L2.

von Mises (N/mm*2 (MPa))
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.1 EXHEX INCON EXHEX INCON

Fig. 7. Bucco-lingual cross sectional view of stress dis-
tribution inside the implant connection interface with
external hex (EXHEX) and internal cone (INCON). The
deformation is 10-fold magnified for visualization. Note
stresses concentration is observed around the implant -
abutment - screw assembly interface.
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SARSHS (L2) of] Qlgt et HEF

Ak wFRNA Y HFS EXHEX EHof|A]
99.4 um, INCON R&ojA] 221.6 pmo| it A&
E uRx|ek A5 Ato]9] 9]F HAT=(opening gap)
o] Al EXHEXS} INCON R&o|A 7H2} 10.9 ym
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Fig. 6. Maximum von Mises stresses generated in the
implant fixture, screw and abutment of internal conical
connection type by oblique occlusal load. The deforma-
tion is 10-fold magnified for visualization. Note the peak
von Mises stress at top collar region of the implant fix-
ture and around the third thread of the screw by L2.
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Fig. 8. Cross sectional view of equivalent strain (ue)
distribution inside the implant connection assembly of
EXHEX and INCON models. The deformation is 10-fold
magnified for visualization. Note the opening gap be-
tween implant and abutment as a result of the L2 load-

ing.

EXHEX INCON
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