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Abstract: The use of single tooth implant restoration in anterior and lateral regions is increasing . Replacing
single missing teeth especially in the anterior region has always been a challenge for clinicians and dental
technicians .With the advent of single tooth implant restoration ;an acceptable alternative is identified .Implant
abutment must meet biological, functional and esthetic requirements . Biological and mechanical implant-
abutment connection complications and failures are still present in clinical practice, frequently compromising
oral function. Abutment screw loosening has occurred with many of other designs used for single tooth implant
.The purpose of this review is to highlight the mode of failure as well as the reasons. Clinical cases,
experimental and non-experimental studies were included, as well as literature reviews.
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L Introduction:

It is a challenge for dentists with the upcoming treatment modalities. As a result of increasing patient
demands, removable partial dentures have become less acceptable, and many patients oppose the preparation of
intact teeth for the fabrication of a fixed partial denture. Alternatives to conventional fixed or removable partial
dentures have been resin bonded fixed partial dentures, orthodontic movement to eliminate spacing, and
transplantation of tecth into the space of the missing teeth. Unfortunately, these alternatives either lacked
predictability or were esthetically and functionally unacceptable. With the advent of the single-tooth implant
restoration, an acceptable alternative was identified. The clinical efficacy of osseointegrated implants for single-
tooth replacement has been documented extensively.[1-4] Functionally, the abutment must provide sufficient
strength to transmit forces to the implant and the bone.[5 JAbutment screw loosening has occurred with many of
the early designs used for single-tooth implant restorations.[6—8].Abutment —Implant interphase is always been a
topic of debate and the failure mode of the interphase are caused due to numerous reasons.

II.  Classification Of Implant—-Abutment Connection Designs:
Within the same basic setup, manufacturers have developed various implant-abutment connection designs.
These interface designs can be roughly divided into two groups.
2.1The first group may be described as butt joints or slip fit joints, with a passive connection and a slight space
between implant and abutment.[9]

2.2The second group comprises conical interface designs with friction fit joints

Both types can be subclassified into internal and external connection types. With the internal
connection type, connective parts of the abutment are placed into the implant body. In contrast, an external
connection type is observed when connective parts of the abutment enclose an extension of the implant body.
The different implant—abutment connection designs can also be classified with respect to the lock against
rotation by an index at the implant-abutment interface. An index is useful in transferring the model cast
situation to the in vivo situation by avoiding displacement and rotation of abutment in the fixture. Norton
compared the indexed internal conical interface connection of the Astra Tech (AST) system with Br°anemark’s
hexindexed butt joint connection and found that the internal conical interface exhibited increased resistance to
bending moments at the fixture/abutment interface. M ollersten et al also investigated various implant systems
with different joint designs and reported that deep joints exhibited better load bearing capacity than connections
with a relatively short overlap of implant and abutment.

To avoid technical complications during function, one major requirement is a high load-bearing
capacity of the implant and its components. A systematic review revealed that technical complications related to
implant components and superstructures were reported in 60% to 80% of the studies included, whereas the
fixture failed in less than 1% of the cases in vivo. Implant overload was responsible for cracks developing in the
material, leading to catastrophic failure even after short periods of function. Failure may also be the result of
material fatigue when subcritical slow crack growth develops below the material’s yield strength due to cyclic
chewing forces. All these complications eventually result in time-consuming and complex treatment, which in
the worst case of fixture fracture may end with a large bone defect after explantation. [10]

www.iosrjournals.org 32 | Page



Failure Mode Of Implant Abutment Connections —An Overview

III.  Factors Effecting The Implant Abutment Interface:
The structural integrity and biologic compatibility of the implant abutment interface and thereby that of the
implant prosthesis depends on the following factors.
3.1Implant abutment interface geometry/design
3.2Micromotion
3.3Screw mechanics
3.4Platform switching

3.1 IMPLANT ABUTMENT INTERFACE GEOMETRY/DESIGN

The original Brénemark protocol required several externally hexed implants to restore fully edentulous
arches, linking them together via a metal bar with a fixed prosthesis. Dr. Gerald A Niznick was the first one to
suggest modification to the Implant abutment design in the form of internal hex. In internal hex connection the
mating components are situated inside the implant body which was believed to help in better stress distribution
and provide better and more prosthetic options. Almost all vitro studies [11-14], with the exception of one, have
demonstrated that internal connections have greater stability than external hex connections. The next major
advancement in terms of geometry of the connection was the introduction of tapered connections. Tapered
connections are believed to give better marginal seal and reduce the micro movements between the implant and
the abutment. A conical implant-abutment interface at the level of the marginal bone is also believed to improve
the distribution of the load into the supporting bone. But titanium conical abutments appear to have poorer load
fatigue performance compared with external-hexagon connections. [15]In reduced-diameter conical
connections, the neck of this implant is a potential zone for fracture when subjected to high bending forces. The
joined surfaces may also incorporate a rotational resistance and indexing feature and/or lateral stabilizing
geometry. This geometry is further described as octagonal, hexagonal, cone screw, cone hex, cylinder hex, cam
tube, and pin/slot. Combination of morse taper with other features such as internal hex is also being tried in
newer implant systems. Some screw less implant systems which rely entirely on the friction fit for their stability
are also available — Eg: Bicon.

3.2 MICROGAP AND MICROMOTION

Three main factors have been identified as possible causes for the formation of microgaps: occlusal
load during physio-logical function, manufacturing tolerance and micromotion between the implant—abutment
connection. Different types of abutment connections have been reported to produce different magnitudes of
micromotion.[16,17]Two major types of abutment connections are the conical and the butt-joint, the latter type
of connection being available in at least three different forms: hexagonal, octagonal and trilobe. The design
configuration of the abutment connection also plays a vital role in uniformly transferring occlusal stresses to the
bone, thus eliminating potential microgap formation due to uneven loading.[18] The sharp angles and vertices at
abutment connections induce high stresses, causing wear, and therefore causing microgap formation.[19]
Micromotion and stress are believed to play pivotal roles in microgap formation and microbial leakage.
Different designs of implant—abutment connections are predicted to induce different patterns of micromotion
and stress distribution under occlusal loading.

3.3 SCREW MECHANICS

Mc Glumphy et al defined the screw joint as 2 parts tightened together by a screw, such as an abutment
and implant being held together by a screw.A screw is tightened by applying torque. The applied torque
develops a force within the screw called the pre-load. As a screw is tightened, it elongates, producing tension.
Elastic recovery of the screw pulls the 2 parts together, creating a clamping force.[20]

The preload in the screw, from elongation and elastic recovery, is equal in magnitude to the clamping
force.Opposing the clamping force is a joint separating force, which attempts to separate the screw joint. Screw
loosening occurs when the joint-separating forces acting on the screw joint are greater than the clamping forces
holding the screw unit together.Excessive forces cause slippage between threads of the screw and threads of the
bore,resulting in a loss of preload.[21]When the clinician applies a torque to a screw to tighten its components
together, the tightening torque creates a preload in the screw. The preload is determined by the applied torque
and other factors, such as the screw alloy, screw head design, and abutment surface. The established preload is
proportional to the applied torque. The torque value can be controlled by the clinician and can be reproduced
from implant prosthesis to implant prosthesis.Too little torque may allow separation of the joint and result in
screw fatigue, loosening, and failure. Too large a torque may strip the screw threads.Increasing the torque will
increase the preload. Increasing the preload maximizes the stability of the screw joint by increasing the
clamping threshold that separating forces must overcome to cause screw loosening.

The amount of torque than can be applied is limited by the ultimate strength of the screw. McGlumphy
et al have stated that the optimal torque value is 75% of the torque needed to cause screw failure.Another
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variable in the amount of torque that can be applied is how the torque is produced by the clinician.Torque can be
applied manually or with a mechanical device. Until the introduction of mechanical torquing devices to the
profession, implant components were tightened manually. The inexperienced clinician often undertightened the
screws in an implant system. Dellinges and Tebrock[22] found that the average torque applied with a
screwdriver is only 10 N-cm. In a pilot study, Jaarda et al [23] found that test subjects with little implant
experience were not generally able to provide the recommended torque to implant prosthesis—retaining slotted
gold screws.

3.4 Platform switching

The peri-implant bone level has been used as one of the criteria to assess the success of dental implants.
The peri-implant bone remodeling occurs once the implant is exposed to the oral environment in a second
surgical procedure or when the abutment is placed immediately after implant placement.[24-26]

The concept of platform switching was not fully understood and several theories were suggested to
explain this phenomenon. The biomechanical theory proposed that connecting the implant to a smaller diameter
abutment may limit bone resorption by shifting the stress-concentration zone away from the crestal bone—
implant interface and directing the forces of occlusal loading along the axis of the implant.[27] One theory
assumed that shifting the implant-abutment connection may medialize the location of the biologic width and
minimize the marginal bone resorption. This theory was based on previous studies [28,29] that showed that
placing the implant-abutment junction (IAJ) at or below the crestal bone level may cause vertical bone
resorption to reestablish the biologic width. Another theory concerned the role of the inflammatory cell infiltrate
at the IAJ. Regardless of the nature of the peri-implant inflammatory infiltrate, the physical repositioning of the
IAJ away from the external outer edge of the implant and neighbouring bone may limit bone resorption by
containing the inflammatory cell infiltrate within the angle formed at the interface away from the adjacent
crestal bone.

IV.  Conclusion

According to this literature review, one can conclude that with a conical implant—abutment interface at
the level of the marginal bone, in combination with retention elements at the implant neck, and with suitable
values of implant wall thickness and modulus of elasticity, the amount of micromotion can be reduced to a
greater extend thereby improving joint stability and success of the implant therapy. The tightening torque is an
important factor to improve mechanical and biological properties of the interface between implant and abutment
and the use of the torque recommended from the manufacturer may potentially reduce the adverse effects of
microleakage. The concept of platform switching appears to limit crestal resorption and seems to preserve peri-
implant bone levels.
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