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The use of narrow platform implants (NPIs <3.5mm)1 to support single tooth restorations is well 
established, yet problems arise when adjacent teeth or a narrow alveolar ridge leave an interdental space 
too small even for these devices.  Extra narrow platform implants (ENPIs <3.0mm)1 are used, but raise a 
concern for the potential of decreased load deformation and increased risk of implant failure. All conical 
implant abutment connections (IAC) exhibit some degree of angular deformation and vertical 
displacement.  Studies report microgap changes, screw loosening, peri-implantitis, and potential bone 
loss with conical IACs. Studies show crestal cortical bone loss is reciprocal to implant diameter, with 
greatest stress below 3.5mm.2  The decreased side wall thickness of NPIs make them less able 
to withstand masticatory forces creating a higher risk of IAC movement and decreased residual tightening 
torque. Even regular platform IACs showed this issue with 12.7% screw or abutment loosening at 5 
years.3 This publication and reported high incidence of abutment loosening with a conical implant system 
raise interest in exploring the extent of abutment movement and residual torque after loading with NPIs 
and ENPIs for single tooth implant restorations. 

The purpose of this in vitro study is to investigate vertical settling, angular deformation, residual tightening 
torque and wear of implant abutment connections (IAC) for narrow (NPI) and extra narrow platform 
implants (ENPI) after dynamic cyclic loading. This study compares conical IAC “test” to flat-to-flat IAC 
“control” for NPIs and conical IACs of three ENPI systems. 

Narrow Platform Implants 
Control Group: 
•  Neoss ProActive Narrow Platform Straight (3.25mm x 13mm) 
Test Groups: 
•  Straumann Bone Level Tapered Narrow CrossFit  
      Roxolid (3.3mm x 12mm)  
•  Astra OsseoSpeed EV (3.6mm x 13mm)  
•  Nobel Active NP (3.5mm x 13 mm)  
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1.  Conical IACs for NPIs will exhibit equal vertical movement, angular deformation, wear of IACs and 
residual tightening torque compared to flat-to-flat IACs after dynamic cyclic loading. 

2.  All conical IACs for ENPIs will be equal for vertical settling, angular deformation, wear of IACs, and 
residual tightening torque. 
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Extra Narrow Platform Implants 
Test Groups: 
•  Straumann Bone Level Tapered 

Small CrossFit Roxolid 
   (2.9mm x 12mm) 
•  Astra OsseoSpeed EV  
   (3.0mm x 13mm)  
•  Nobel Active 3.0 (3.0mm x 13 mm)  
 • Fatigue testing was performed in accordance with ISO 14801 in air at  

 room temperature, at 15 Hz for 1 million cycles under load. (Fig. 1) 
• SEM imaging was used to record implants and abutments at tensile and 
 compressive surfaces prior to assembly and cyclic loading. (Fig. 8) 
• The abutment screw was tightened to 5Ncm and to manufacturer  
 recommended tightening torques for each IAC. Vertical measurements  
 were taken to establish the amount of abutment settling. (Fig. 2) 
• A 100mm loading device (Zwick/Roell LTM1000) was used to load the implant  
 systems with a maximum force of 160N and 120N for NPIs and ENPIs respectively. 
• After 20 seconds IAC angular displacement was calculated. (Figs. 3,4) 
• Samples underwent 1,000,000 cycles and were reverse torqued. (Fig. 5) 
• After testing, SEM imaging was completed (Fig. 9) and then samples were  
 reassembled and loaded to failure with an Instron testing device. (Figs. 6,7) 
• Statistical analysis was completed using Kruskal-Wallis and Dunn’s Pairwise Comparison testing. 
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     Results of this research demonstrate that vertical displacement and angular 
deformation were greater for all conical systems than the flat-to-flat “control”, 
which is in accordance with other research. Residual tightening torque was also 
lower for all conical IACs. Within the ENPI systems the residual tightening torque 
with the 2.9 Straumann Roxolid implant was significantly higher than both the 
Nobel 3.0 and Astra 3.0. It should be noted that the Straumann Roxolid 2.9 IAC 
is torqued to 35Ncm as opposed to Astra 3.0 (25Ncm) and Nobel 3.0 (15Ncm). 
A possible reason could be the incorporation of 13-17% zirconia into the titanium 
alloy of the Straumann Roxolid, which increases the ultimate tensile strength 
three fold and the Vickers hardness two fold.4 Regardless of the decrease in 
side wall thickness the increased strength of the Straumann Roxolid 2.9 
minimizes loss of residual tightening torque compared to Astra 3.0 and Nobel 
3.0, and minimizes potential loosening of the IAC.4 Galindo-Moreno revealed a 
7.25% abutment fracture with 3.0 Astra OsseoSpeed implants within a 5 year 
period.5 Common bite forces in implant supported restorations have been 
reported to be 185N in central and lateral incisor regions.6  The results of our 
study reveal that permanent deformation of ENPIs is borderline to potential 
masticatory forces. Clinicians should be cautious using ENPIs and further clinical 
research is needed. If clinicians are forced to use ENPIs, results of this study 
validate the use of the Straumann Roxolid 2.9 implant.  

Narrow Platform Implants: 
Neoss showed less vertical movement, a lower load displacement and less 
angular displacement than all conical systems with statistical significance 
(p<0.05).  Neoss showed higher residual tightening torque than Astra and 
Nobel with statistical significance (p<0.05), but no statistical significance was 
seen compared to Straumann Roxolid.  
Extra Narrow Platform Implants: 
Straumann Roxolid showed higher residual tightening torque than Astra and 
Nobel with statistical significance (p<0.05). Vertical settling was noted for all 
three systems, but with no statistical significance. No statistical significance 
was seen among systems for load or angular displacement.  
NPIs and ENPIs: 
SEMs revealed wear on almost all conical systems on tensile and compressive 
IACs for NPIs and ENPIs. Rotational wear was noted on the flat-to-flat system.  
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