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Abstract

The crown-abutment interface is a critical determinant of
the long-term success of implant-supported restorations,
influencing mechanical stability, resistance to bacterial
infiltration, and overall biological compatibility. This
review examines the evolution of interface designs, from
early external hex systems - prone to mechanical
complications such as screw loosening-to advanced
internal connection systems, including conical and
Morse taper designs, which offer improved structural
integrity and reduced micro-movement.

Beyond traditional cement-retained and screw-retained
methods—each  with  distinct advantages and
limitations—emerging alternatives such as hybrid
abutments, conometric retention systems, and shape-
memory alloy solutions are gaining attention. Hybrid
abutments, combining a titanium base with a ceramic
suprastructure, provide an optimal balance of strength

and aesthetics. Meanwhile, conometric and shape-

memory retention systems introduce innovative
approaches that eliminate the need for conventional
screws or cement, potentially reducing complications
associated with microleakage and excess cement.
Although long-term clinical studies demonstrate high
survival rates across different interface designs,
variations in complication rates underscore the need for
ongoing research and refinement. The selection of a
crown-abutment interface should be guided by a
comprehensive evaluation of mechanical, biological, and
esthetic considerations to optimize long-term restoration
performance and patient outcomes.

Keywords: Crown-Abutment Interface, Implant-
Supported Restorations, Mechanical Stability, Retention
Systems

Introduction

The crown-abutment interface in implant-supported
restorations is a crucial element in achieving long-term
stability,  mechanical

integrity, and  biological
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compatibility. As the primary connection between the
implant and the prosthesis, this interface plays a vital
role in determining the overall success of the restoration.
It influences critical factors such as bacterial infiltration,
retention, mechanical performance, and even the
aesthetic outcome of the prosthetic reconstruction.

Over the years, various connection types have been
developed to optimize implant function and longevity.
These include screw-retained, cement-retained, and
hybrid
advantages and limitations. The choice of the interface

retention methods, each with its unique
design impacts the ease of prosthesis retrieval, the risk of
mechanical complications such as screw loosening or
abutment fractures, and the potential for biological
Additionally,

manufacturing

complications  like  peri-implantitis.

advancements in  materials and
techniques, such as CAD/CAM technology and custom
abutments, have led to improved precision and better
adaptation at the crown-abutment junction.

A well-designed crown-abutment interface ensures a
stable connection while minimizing the risks associated
with microleakage and micro movements that could
compromise the long-term performance of the
restoration. Understanding the biomechanics, clinical
implications, and emerging trends in interface design is
essential for achieving predictable treatment outcomes.
This review examines the evolution, benefits,
drawbacks, and clinical implications of various crown-
abutment interface designs, providing insights into best
practices for implant-supported restorations.

Evolution of Crown-Abutment Interfaces

Historical Development

e Screw Retained Interfaces

o Cement Retained Interfaces

Modern Advancements

e Hybrid Abutments
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e Conometric Retention System

e Shape Memory Alloy Retention Systems

e Locking-Taper and Screwless Systems

e Magnetic and Electromagnetic Retention Systems
Historical Development

Initially, external hex connections were widely used in
implant-supported restorations. While they provided
stability, they were prone to mechanical failures,
including screw loosening. ™ Advances in implant
design led to the adoption of internal connection systems
such as conical and Morse taper connections, which
reduced micro-movement and enhanced the overall
strength of the interface. 2 Cement-retained restorations
became popular due to their esthetic appeal and ability to
accommaodate misaligned implants. However, the issue
of peri-implantitis due to residual cement prompted a
resurgence of screw-retained alternatives. &

Modern Advancements

Hybrid abutments, conometric connections, and shape-
memory alloy-based retention systems represent some of
the latest innovations in implant dentistry. © Hybrid
abutments combine a titanium base with a ceramic
suprastructure, balancing esthetics and mechanical
durability. Conometric connections and shape-memory
alloys eliminate the need for screws and cement by using
friction and phase transformation mechanisms,
respectively, offering innovative, retrievable solutions
that do not compromise on fit or retention. 4
Screw-Retained Vs. Cement-Retained Interfaces
Advantages and Disadvantages of Screw-Retained
Restorations

Screw-retained restorations facilitate easier maintenance
and repairs due to their retrievability. ! The elimination
of cement reduces the risk of peri-implantitis and
ensures predictable clinical outcomes. However, screw-

access holes can affect occlusal integrity, and issues such
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as screw loosening or fractures remain potential

concerns.

Advantages and Disadvantages of Cement-Retained
Restorations

Cement-retained restorations provide a superior esthetic
outcome and a passive fit, which minimizes stress on
implant components. (2 They are also beneficial in cases
where implant angulation is suboptimal. However, the
risk of residual cement provoking peri-implant disease is
drawback, and remains

a major retrievability

challenging.

Alternative Retention Methods
Hybrid Abutments

Hybrid abutments are dental implant components that
combine a prefabricated titanium base with a custom-
designed ceramic structure. This design leverages the
strength and biocompatibility of titanium to ensure a
secure connection to the implant, while the ceramic

portion—typically made from materials such as zirconia
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or lithium disilicate—offers superior esthetics by
mimicking the natural translucency of teeth. © The
ceramic component is bonded to the titanium base using
resin cement, a process that aims to provide both
durability and a natural appearance.

However, the interface between the titanium and ceramic
components can be a potential weak point. Reports in the
literature indicate that issues such as debonding or
fractures at this junction may occur under repetitive
stress. U1 Consequently, meticulous fabrication
techniques and strict adherence to bonding protocols are
essential to ensure the long-term success of hybrid
abutments. [

In summary, hybrid abutments offer a balanced solution
by combining the mechanical advantages of titanium
with the esthetic benefits of ceramics, making them a
valuable option in implant dentistry [6.7]

Conometric Retention Systems

Conometric retention systems utilize a precisely
engineered, friction-based connection between the
abutment and crown. In these systems, a conical
interface is machined to exact tolerances so that the
crown “wedges” onto the abutment, achieving retention
through the friction generated by the contact surfaces.
This design minimizes microgaps, thereby reducing
bacterial penetration and helping to preserve marginal
bone levels. Clinical studies have reported minimal
marginal bone loss and promising long-term outcomes
with conometric connections. B! However, some
investigations ! have noted instances of slight retention
loss over time, highlighting the need for further research
to optimize design parameters and ensure consistent

performance across diverse clinical scenarios.
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unique properties of nickel-titanium (nitinol) alloys,
which undergo reversible phase transformations in
response to temperature changes. In these systems, a
nitinol retention sleeve is engineered to lock onto the
abutment when cooled below its transformation
temperature. When heated briefly above this threshold,
the alloy transitions to its austenite phase and releases
the retention, allowing for easy removal of the crown.
This mechanism not only provides secure, consistent
retention but also eliminates the need for cement or
screws, thereby reducing the risk of associated
complications. Early clinical studies ™ indicate that
excellent marginal

shape-memory systems offer

adaptation and reduced stress on the implant
components, which may contribute to improved long-
term prosthesis stability. Nevertheless, the long-term
durability of these systems, including potential wear
from repeated phase transitions and the effects of
variable oral temperatures, requires further investigation

through extended clinical trials.
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Locking-Taper and Screwless Systems

Locking-taper connections create a frictional fit between
the abutment and implant, enhancing bacterial seal
integrity while eliminating the need for screws and
cement. 1 The Integrated Abutment Crown (IAC)
technique uses this principle to provide a stable, one-
piece restoration. However, concerns remain regarding
the long-term performance of resin-based materials used
in IAC restorations, particularly in terms of plaque

accumulation and material degradation. ®!

%
N

Magnetic Retention Systems

Magnetic retention systems utilize magnetic forces to
secure the prosthesis while maintaining retrievability.
They offer potential benefits in patient comfort and
hygiene but require further studies to assess their

mechanical reliability and long-term clinical success. !

Clinical Performance and Long-Term Outcomes

A range of clinical studies and meta-analyses indicate
that both  screw-retained and cement-retained
restorations can achieve high survival rates over
extended follow-up periods (e.g., 5 to 10 years). B
Although overall survival rates may be similar, the type

and frequency of complications differ. Cement-retained
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restorations often exhibit a higher incidence of peri-
implantitis due to the presence of residual cement, which
can trigger inflammatory responses. Bl In contrast,
screw-retained

systems offer the advantage of

retrievability, facilitating easier maintenance and repair.
[

Studies on alternative retention methods further reveal
promising clinical performance. Conometric systems
have shown excellent marginal adaptation and stability,
with minimal marginal bone loss reported over mid-term
follow-ups. 2 However, slight retention loss observed in
some studies underlines the necessity for ongoing
refinement of these systems. Similarly, hybrid abutments
have demonstrated high short-term survival rates, yet
long-term data beyond five years is still emerging.
Shape-memory alloy retention systems, with their
unique phase transformation properties, present a
compelling alternative by combining secure retention
with easy retrievability. Early results are encouraging,
but further randomized controlled trials are essential to
confirm their long-term effectiveness and to address
potential concerns regarding fatigue and consistency of
retention over time. Locking-taper and magnetic systems
also show promise in delivering stable, aesthetically
pleasing restorations with low complication rates,
although additional long-term research is needed.
Overall, while implant survival rates remain high, the
long-term success of restorations is intricately linked to
the design and precision of the crown-abutment
interface. Future research should aim to integrate
patient-centered outcomes—including esthetics,
comfort, and maintenance—over extended follow-up
periods, ideally spanning 5 to 10 years or more.
Advances in digital planning and manufacturing may
further enhance the precision and performance of these

interfaces.
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Conclusion
Selecting the appropriate crown-abutment interface
depends on multiple factors, including esthetics,
retrievability, and biological considerations. Screw-
retained restorations tend to reduce the risk of peri-
implantitis, whereas cement-retained restorations offer
superior esthetic outcomes. Emerging technologies—
such as hybrid abutments, conometric connections,
shape-memory alloys, locking-taper systems, and
magnetic retention—provide promising alternatives that
address the limitations of traditional methods. Continued
long-term clinical studies are essential to develop
definitive guidelines for the optimal design of implant-
supported restorations.
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