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Abstract 

Innovative abutment systems have been developed to 

address the limitations of conventional screw-retained and 

cement-retained implant prostheses. These systems utilize 

the property of elasticity which is characteristic of nickel-

titanium alloys to facilitate optimum retention, easy 

retrieval and re-insertion of the implant-supported fixed 

dental prostheses without screws or cement. One 

prosthesis system consists of a precision-machined nickel-

titanium sleeve that switches configurations to lock and 

unlock the implant restoration. The second abutment 

system offers retention and retrievability by a precision-

engineered abutment and an assembly-type attachment 

that includes zirconia balls and nickel-titanium spring. 

Technical complications like screw loosening or fracture, 

and biological complications like peri-implantitis because 

of excess cement can be overcome with the use of these 

novel abutment systems. These abutment systems 

profoundly streamline the procedure for putting and 

recovering rebuilding efforts by disposing of the 

requirement for cement or screws for holding the 

prosthesis. 

Keywords: Micro-Locking Abutments, Shape-Memory 

Abutments, Nitinol Abutments, Superelastic Abutments 

Introduction 

Implant-supported fixed dental prostheses (FDP) have 

become well-established treatment options of care in 

dental practice over the last 40 years.1 This success is 

owed to osseointegration, which has been enhanced 

through progress in surface technology, advanced surgical 
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techniques, the improvement of the implant-abutment 

interface and dental prosthesis, as well as the meticulous 

practice of prophylactic methods to prevent biologic 

complications and failures.1-7 

Implant-supported fixed dental prostheses can be secured 

to implants with screws (screw-retained), or they can be 

cemented to abutments which are attached to implants 

with screws (cement-retained).8 Stability and retention in 

screw-retained prostheses is obtained from the clamping 

force caused by preload generated by screw extension, and 

in cement-retained prostheses, from the inherent 

properties of the cement.9, 10 The factors that affect the 

choice of retention of the prostheses to the implants are: 

ease of fabrication and cost, aesthetics, access, occlusion, 

retention, incidence of loss of retention, retrievability, 

passivity of fit, restriction of implant position, effect on 

peri-implant tissue health, provisionalization, immediate 

loading, impression procedures, porcelain fracture, and 

clinical performance.11 

Misch 12 outlined a series of advantages and disadvantages 

of screw-retained and cement-retained implant prostheses. 

Advantages of screw-retained restorations include 

excellent retention, predictable retrievability, minimum 

interocclusal space requirement, easy hygiene 

maintenance, and effortless inspection of underlying 

components for repair.1  

Disadvantages of screw-retained restorations include 

increased production time and cost, difficulty in achieving 

a passive fit, therefore causing residual stress from screw 

tightening. The screw hole design diminishes the physical 

strength of porcelain, leading to fracture. Also, the 

composite resin materials covering the screw access hole 

is prone to wear, not offering stable control over occlusion 

and the need for axial loading, and aesthetically 

unsatisfactory restorations.1, 13-15  

The most common complications to occur with screw-

retained prostheses are prosthetic screw loosening, 

fracture, and prosthesis breakage.16 Kreissl et al17 

evaluated over 200 implants in a span of 5 years and 

observed 6.7% screw loosening and 5.7% porcelain 

fracture. Zurdo et al18 reported that over 20% of fixed 

implant restorations fail because of porcelain fracture or 

screw loosening. 

Advantages of cement-retained restorations include ease 

of use, reduced cost, superior aesthetics, compensation for 

implants with inappropriate angulations and passive fit. 

The screw hole-free design helps develop satisfactory 

occlusion and its control. It also enhances the physical 

strength of porcelain thereby resisting fracture.19, 20 

Disadvantages of cement-retained restorations include 

irretrievability and retained cement. Undetected residual 

cement and its removal becomes difficult with increasing 

subgingival depth.21 The excess cement may precipitate 

peri-implant diseases like periimplantitis.15, 22, 23 Korsch et 

al24 reported that removal of excess cement led to a 77% 

reduction in bleeding and a 100% reduction in 

suppuration. Studies also report that the abutment may be 

scratched during the removal of excess cement from 

subgingival margins and that cement removal may be 

incomplete.25 Hyperocclusion may result due to 

hydrostatic pressure which may prevent the crown from 

seating completely.26 

To address the complications of conventional implant 

prosthetic systems, new implant retention technologies 

have been developed to combine the advantages of screw 

(retrievability) and cement (occlusion, aesthetics) while 

eliminating the disadvantages of composite resins and 

residual cement. Both the systems consist of key 

components that make use of the property of elasticity and 

shape memory of Nickel-titanium alloys to revolutionize 

retention and retrievability in implant restorations. 



 Dr. Shilpi Sanghvi, et al. International Journal of Dental Science and Innovative Research (IJDSIR) 
 

 
© 2020 IJDSIR, All Rights Reserved 
 
                                

Pa
ge

19
7 

Pa
ge

19
7 

Pa
ge

19
7 

Pa
ge

19
7 

Pa
ge

19
7 

Pa
ge

19
7 

Pa
ge

19
7 

Pa
ge

19
7 

Pa
ge

19
7 

Pa
ge

19
7 

Pa
ge

19
7 

Pa
ge

19
7 

Pa
ge

19
7 

Pa
ge

19
7 

Pa
ge

19
7 

Pa
ge

19
7 

Pa
ge

19
7 

Pa
ge

19
7 

Pa
ge

19
7 

  

Discussion  

System 1 - [Smileloc®, developed by RODO Medical, 

San Jose, California] 

This system consists of (1) a precision abutment with 

undercuts which receives (2) a special sleeve (Smileloc®) 

manufactured using the shape memory alloy nitinol 

(nickel-titanium Naval Ordnance Laboratory), (3) a 

titanium coping with precision undercuts and (4) implant 

crown (Fig. 1). The shape memory sleeve is designed to 

have 2 sets of movable flaps arranged longitudinally, 

alternately opening in opposite directions (upwards-

inwards and downwards-outwards).27 These flaps switch 

shapes that engage and disengage the restoration  

when electromagnetic energy (induction) is applied.28 

As shown in Fig. 2 and Fig. 3, the inner flaps of the 

sleeve get locked in the abutment undercuts, and the outer 

flaps engage the coping undercuts. When the crown is 

seated, it connects the abutment-sleeve-coping into 1 

mechanically interlocking system.27 

 

Fig. 1: Overall concept and components of the cement-

less, screw-less implant prosthetic system- Smileloc®, 

developed by Rodo Medical, San Jose, California. 

(Shah KC, Young SR, Wu BM. Clinical application of a 

shape memory implant abutment system. J Prosthet Dent 

2017;117(1):8-12.) 

 
Fig. 2: Cross-section view of flaps engaging undercut in 

abutment and restoration. 

Inner flaps locked on abutment undercut. B. Outer flaps 

locked on coping undercut. (Shah KC, Young SR, Wu 

BM. Clinical application of a shape memory implant 

abutment system. J Prosthet Dent 2017;117(1):8-12.) 

 
Fig. 3: Occlusal and profile view of the shape memory 

sleeve demonstrating the locked and unlocked 

configurations. 

(Shah KC, Young SR, Wu BM. Clinical application of a 

shape memory implant abutment system. J Prosthet Dent 

2017;117(1):8-12.) 

To remove the crown for hygiene purposes or whatever 

need may arise, electromagnetic energy is provided by the 

hand-held non-contact intraoral induction device to the 

restoration coping sleeve complex (Smilekey®) for 8-10 

seconds (Fig. 4). This returns all flaps to the disengaged 

position, thus freeing the crown, sleeve, and abutment 

from the undercuts. The heat induces a change in 
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configuration of the nitinol sleeve that returns all flaps to 

the disengaged positions, unlocking it from the crown and 

abutment undercuts. This loss of mechanical interlock 

allows the prosthesis to be retrieved with finger pressure 

(Fig. 5 and Fig. 6).27  

 
Fig. 4: The Smilekey® intraoral induction unit. 

 
Fig. 5: Diagram showing a cross-section of the Smilekey® 

paddles in place. 

Fig. 6: Diagram showing the induction unit providing 

electromagnetic energy to disengage or unlock and 

remove the sleeve. 

The Smileloc® abutment system takes advantage of 

nitinol’s shape memory and superelastic properties. The 

sleeve mechanically deforms to one shape upon heating to 

above its phase transformation temperature, and recovers 

its original undeformed form at room temperature.27 

Property of superelasticity of nickel-titanium alloys- 

The phase transformation, also known as the martensitic 

transformation, is a reversible process in nitinol where the 

austenitic active phase (parent phase) changes to the 

martensitic active phase (daughter phase). The austenitic 

phase is the remembered phase after heat treatment during 

the manufacturing process. On cooling, the phase changes 

to the martensitic phase without any physical change in 

shape. On application of external deformation stress, the 

phase remains as a martensite phase, but owing to the 

unique property of alloy to undergo twinning, the alloy 

remains in that deformed shape. Twinning is when the 

alloy undergoes limited deformation without breaking any 

atomic bonds, although there is a rearrangement of the 

ions without any slip.29, 30 

SYSTEM 2 - [EZ Crown®, Samwon DMP, Yangsan, 

Korea] 

This system consists of (1) a precision-machined abutment 

with a retention groove, (2) an assembly-type attachment 

(EZ Crown®) with a specific internal configuration 

consisting of zirconia balls and nickel-titanium spring and 

(3) the implant crown with a hole of 1.5mm diameter 

occlusally to allow access to the tip of the removal driver 

(Fig. 7).31 

As shown in (Fig. 8), the microlocking implant prosthetic 

system attachment consists of 3 subcomponents: balls, 

spring, and a cylinder. The balls, composed of zirconium 

oxide (ZrO2) are perfect spheres of 0.7mm diameter. They 

participate directly in the retentive force by being seated 

in the retention groove on the abutment and also prevent 

the spring from rotating. The spring is composed of a 
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nickel-titanium alloy called nitinol and is located outside 

the balls. Both these components are housed in a cylinder. 

Zirconia was the material of choice owing to its properties 

of excellent biocompatibility, flexural strength, fracture 

strength, wear resistance, and stable holding force.32  

The spring which functions on the principle of non-

superelasticity of a specific type of nickel-titanium alloys, 

allows the ball to be easily placed under the undercut of 

the retention groove in the abutment by slightly expanding 

when the attachment is engaged. In addition, after the 

attachment is engaged with the abutment, the spring exerts 

a constant external force on the ball.33 

To remove the crown, a dedicated removal driver is 

threaded through the hole along the thread of the 

attachment. The tip of the removal driver pushes the top of 

the abutment, forcing the zirconia balls against the nitinol 

spring and ultimately disengaging the prosthesis (Fig. 9). 

 
Fig. 7: A. Overall concept and B. components of the 

cement-less, screw-less implant prosthetic system-EZ 

Crown®, developed by Samwon DMP, Yangsan, Korea. 

(Choi JW, Lee JJ, Bae EB, Huh JB. Implant-supported 

fixed dental prosthesis with a microlocking implant 

prosthetic system: A clinical report. J Prosthet Dent. 2019 

May 7. pii: S0022-3913(19)30014-9) 

 
Fig. 8: Schematic representation of the final prosthesis 

fabricated with EZ Crown®. 

(Jae-Won Choi, Chan-Hong Song, Jung-Bo Huh. Implant-

Supported Fixed Dental Prostheses with New Retention 

Type Using Zirconia Ball and Nickel-Titanium Spring. 

The Korean Academy of Oral & Maxillofacial 

Implantology 2019)  

 
Fig. 9: Removal driver. The tip pushes the top of the 

abutment, forcing the Zirconia balls against the nitinol 

spring, thus disengaging the crown. 
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Property of non-superelasticity of some nickel-titanium 

alloys- 

The EZ Crown® system uses springs that are made of 

martensitic stabilized nickel-titanium alloys.30, 34 

Martensitic stabilized alloys do not undergo phase 

transformation, unlike austenitic active and martensitic 

active alloys because of their stable structure.35 Thus, they 

do not exhibit a superelastic or shape memory effect.36 

Non-superelastic alloys exhibit a large working range and 

low modulus of elasticity.37 Their low force per unit of 

activation reduces stiffness and results in excellent spring-

back capacity.35 37 Therefore, after the attachment is 

engaged in the abutment, the spring is able to provide a 

light, continuous and constant force on the ball, which is 

seated in the retention groove of the abutment.37 

The shape memory implant prosthetic system 

(Smileloc) is currently compatible with NobelBiocare, 

Straumann, and Neodent implant systems. For the shape 

memory sleeve to disengage and release the prosthesis, 

heat must be applied for some time. When the sleeve does 

disengage though, there are no visual or acoustic 

indications. For a prosthesis consisting of multiple 

implants, a new user may find it difficult to ascertain 

which implants are still engaged making the removal 

slightly confusing. More clinical studies are needed to 

establish the inner workings of these new components.38   

A study reported the mechanical properties of the 

microlocking implant prosthetic system (EZ Crowns). The 

authors concluded that the load-bearing capacity was not 

significantly different from other commercially available 

systems. However, increased stability and retention could 

be achieved due to frictional resistance between the 

closely contacting implant and abutment surfaces at the 

internal conical connection interface. A decrease in 

retention had been reported during the initial 1,000,000 

cycles.39 

Case reports with both these implant prosthetic systems 

have been very recently published.40,41 However, the long-

term success of implants restored with these novel 

abutments is yet to be tested. 

Conclusion 

The new implant prosthetic systems discussed above 

exhibit retention mechanisms that simplify the implant 

restoration process by eliminating the complications 

associated with screws and cement. Fast, easy, safe 

removal of prosthesis enables the dentist to provide 

optimal treatment options and maintenance schedules for 

patients with implants without incurring excessive 

chairside time and known complications with 

conventional prosthetic systems. 

However, long-term clinical studies with an adequate 

sample size are needed to determine whether these novel 

implant prosthetic systems will be successful in clinical 

applications. 
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