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Effect of morphology and diameter of implant fixture-abutment connection on
mechanical failure of implants
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Purpose: This study was conducted to evaluate the effect of the fixture abutment connection type and diameter on the screw
joint stability in external butt joint for 2nd surgery and internal cone connected type implant system for 1st and 2nd surgery using
ultimate fracture strength. Materials and Methods: USII system, SSII system and GSII system of Osstem Implant were used. Each
system used the fixture with two different diameters and cement-retained abutments, and tungsten carbide / carbon coated
abutment screws were used. Disc shaped stainless steel metal tube was attached using resin-based temporary cement. The
experimental group was divided into seven subgroups, including the platform switching shaped specimen that uses a regular
abutment in the fixture with a wide diameter in USII system. A static load was increased to the metal tube at Smm deviated point
from the implant central axis until it reached the compression bending strength at a rate of 1mm/min. Then the deformations and
patterns of fracture in threaded connection were compared. Results and Conclusion: 1. In the comparison between the Regular
diameter, compression bending strength of SSII system was higher than USII system and GSII system. There was no significant
difference between USII system and GSII system. 2. In the comparison between wide diameter, compression bending strength was
increased in the order of GSII system, USII system, and SSII system. 3. In comparison between the implant diameter, compression
bending strength of the wide diameter was greater than the regular diameter in any system(P<0.05). 4. There was no significant
difference between the platform switching (III group) and the regular diameter (I group) in USII system. 5. In USII system,
fracture of abutment screw and deformation of both fixture and abutment were observed in I, IT and III subgroups. 6. Failure
pattern of SSII system, which was the fracture of abutment screw and deformation of the abutment and fixture, was observed in
both IV and V subgroups. Fracture of some fixtures was observed in subgroup V. 7. Failure pattern of GSII system, which was the
fracture of the abutment screw and deformation of the fixture and the abutment, was observed in both VI and VII subgroups. Apart
from other subgroups, subgroup VII demonstrated no bending neither the fracture at the top of the fixture. The compressive
deformation of internal slope in the fixture was the only thing observed in subgroup VIIL.
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Fig. 1. Sectional views of implant fixture, abutment and abutment screw assemblies.
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Table I. Features of experimental implant fixtures
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HE 2t 2E Rl 28 FE53e gil &
A|(Premier Implant Cement, Premier Dental
Product Co., PA, USA)Z g2lstthFig. 3).

oF F4T| YHIFL YBUE FYF0R
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R =2 v 7 2P, ol F Ut o
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HN'
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6480LV, JEOL, Japan)& ©]&sto] 11744 ¥
2 o 2 tjFUAF oA H o] HS 10813 10008

S5 st

Group Implant system Implant diameter (mm) Interface Platform

| USIl regular 4.0 External hex butt joint @27 mm hexagon
[ USIl wide 5.0 External hex butt joint $3.4 mm hexagon
1l USIl T-wide™ 5.0 External hex butt joint @2.7 mm hexagon
\% SSII regular 4.1 8° Morse taper $2.9 mm octagon
V SSII wide 48 8° Morse taper $2.9 mm octagon
VI GSII standard 40 11° Morse taper $2.5 mm hexagon
Vil GSll standard 5.0 11° Morse taper 2.5 mm hexagon

* platform switching

Table Il. Features of experimental implant abutments and abutment screws

Abutment Abutment Screw
Group Type (Composition) Diameter Collar Height Abutment Height Composition(Coating) Diameter
| Cemented (Ti Grade IIl) 5.0 mm 2.0 mm 55 mm Ti-6AI-4va(WC/CTa) 2.0 mm
I Cemented (Ti Grade IIl) 6.0 mm 2.0 mm 55 mm Ti-6AI-4Va(WC/CTa) 2.5 mm
1 Cemented (Ti Grade III) 5.0 mm 2.0 mm 5.5 mm Ti-6A-4Va(WC/CTa) 2.0 mm
\Y ComOcta (Ti-6AI-4Va) 48 mm 2.0 mm 55 mm Ti-6Al-4vVa(WC/CTa) 2.0 mm
Vv ComOcta (Ti-6Al-4Va) 6.0 mm 2.0 mm 5.5 mm Ti-6AI-4vVa(WC/CTa) 2.0 mm
VI Transfer (Ti-6AI-4Va) 5.0 mm 2.0 mm 55 mm Ti-6Al-4vVa(WC/CTa) 2.0 mm
VIl Transfer (Ti-6AI-4Va) 6.0 mm 2.0 mm 5.5 mm Ti-6A-4Va(WC/CTa) 2.0 mm
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Fig. 2. Static Loading System.

3) EA2A
7 4B 2 YH YT SRS Qohi] )

o

3l SPSS(Release 12.0 SPSS Inc., USA)E AH-
sto] YUEAES (one—way ANOVA)S AAI8HS
i1, Scheffe’ s test& o838l AR AASF Tt

|

§.0mm

Fig. 3. Schematic diagram of testing condition.

I. $V8H
7} Q)ZE A|AH Q] QF=TE ) E Wkl 1
HA= Table 1113 231, o]& Fig. 4] YeRR ALY,
Regular diameter - H|uoAl= SSIT A|AF]
(IVah) o] USIT Al2"(1) E GSIT AJ2=(VI) o
vl = FIAAETF A YeEbEem(P0.05),

1600 -
Ousn

1400 - B ss1

WS
1200 -

1000 -
600 -

GO0 -

400 -

Compressive bending strength (N)

2l -

1

Group

Fig. 4. Bar graph showing mean compressive bending strength values.
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+ SDs of compressive bending strength (N)

Group Implant system Implant diameter (mm) Compressive bending strength
| USII regular 40 713.8125.3
I USI wide 5.0 1,114.6184.9°
I USIl T-wide 5.0 692.0+£20.3°
\Y SSII regular 4.1 875.2%16.1°
v SSII wide 48 1,345.2+19.3"
VI GSIl standard 4.0 768.8+25.6°
Vil GSll standard 5.0 952.5+22.3°
Different lowercase superscript letters are significantly different(P<0.05).
Table IV. Failure modes for compressive bending strength
Group Implant system Failure mode
I USII regular Screw fracture, abutment & fixture deformation
Il USII wide Screw fracture, abutment & fixture deformation
If USII T-wide Screw fracture, abutment & fixture deformation
v SSIl regular Screw fracture, abutment & fixture deformation
Vv SSII wide Screw fracture, abutment & fixture deformation, fixture fracture
Vi GSII standard Screw fracture, abutment & fixture deformation
Vil GSII standard Screw fracture, abutment & fixture deformation
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Fig. 5. Appearances of tested implant-abutment screw joint . A, USII regular (Group 1). B, USII wide
(Group 1I). C, USIl T-wide (Group IIl). D, SSII regular (Group IV). E, SSII wide (Group V). F,
GSlI standard (Group VI). G, GSII standard (Group VII).
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Fig. 6. View through microscope demonstrates deformation of abutments and fracture of abutment screws after static
loading. A, USII regular (Group 1). B, USIl wide (Group II). C, USII T-wide (Group Iil). D, SSIl regular (Group IV). E,
SSI wide (Group V). F, GSII standard (Group VI). G, GSII standard (Group VII).
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Fig. 7. SEM photographs of deformed fixtures and fractured abutment screws. Original magnification 10. A, USII regular
(Group ). B, USIl wide (Group II). C, USIl T-wide (Group IIl). D, SSII regular (Group IV). E, SSI wide (Group V).
F, GSIl standard (Group VI). G, GSII standard (Group VII).
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Fig. 8. SEM photographs of deformed fixtures. Original magnification 1000. A, USII regular (Group I). B, USIl wide (Group
). C, USIl T-wide (Group IIl). D, SSII regular (Group IV). E, SSIl wide (Group V). F, GSII standard (Group VI). G,
GSlI standard (Group VII).
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