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Introduction

The history of abutment connections began with Branemark’s landmark discovery of the dental implant. Branemark’s original implant was composed of a 0.7 mm external hex with a butt joint. Initially there was little interest in antirotational features of the abutment connection because implants were used to treat fully edentulous patients and were connected together with a one-piece metal substructure. The external hex portion of the implant was added to the design to enable surgical placement of the implant.

Times changed and clinicians started using implants for the replacement of single teeth. This new application meant that abutment connections were subjected to an increased level of forces. This challenge has encouraged research and the development of better forms of abutment connections within the implant dentistry.

Chronological Development of Abutment Connections

The abutment modifications that have occurred are vast and complex. For example, the external hex underwent several modifications of height and width. Besides altering the size, other modifications were also made in an effort to improve upon the original external hex design.

A major paradigm shift came with the evolution of the internal connection. Each implant company has developed their own design of the internal connection, resulting in a confusing variation in terminology and types of connections.



Terminology

· External connection:  A connection feature that extends superior to the coronal portion of the implant. Note: Although the external hex connection is the most common there are other types (i.e. external spline or external octagon) 

· Internal connection:  A connection feature that extends inferior to the coronal portion of the implant and is located inside the implant body 

· Hexagonal:  A six-sided shape used at the abutment–implant interface as an antirotational feature 

· External hexagon or external “hex”:  An external connection that is used as an antirotational and indexing feature 

· Internal hexagon or internal “hex”:  An internal connection that is used as an antirotational and indexing feature



The initial relationship between the abutment and implant body was mainly associated with external connections. Over time the simple butt joint has evolved into slip-fit and friction-fit joints. The inter​​nal connections have splintered into a multitude of options from octagonal, hexagonal, cone screw, cylinder hex, spline, tri-channel to cam tube – to name just a few.

This chapter examines the basic differences between the abutment connections on the market and should enable readers to make educated decisions in selecting implant–abutment connections.

External Hex Connections

There are a number of advantages and disadvantages of the external hex connection (Figure 4.1) shown in the boxes.

[image: image1.jpg]


Figure 4.1    External hex.



Advantages of the external hex connection

· Long-term follow-up data are available 

· Compatibility among multiple implant systems 

· Solutions to complications are found throughout the literature due to their extensive use





Disadvantages of the external hex connection

· Higher prevalence of screw loosening 

· Higher prevalence of rotational misfit 

· Less esthetic results 

· Inadequate microbial seal



Prosthetic success remains high with the external connection but the most common prosthetic complication is screw loosening when implants are used to replace a missing single tooth. Multiple studies have shown screw loosening to be anywhere from 6% to 48% with external connection devices.

Screw loosening can create serious challenges for the clinician and patient and diminishes a practitioner’s chairside time, which is the most valuable asset a practitioner has. In addition, screw loosening can be frustrating for patients, which damages the patient’s trust in the clinician’s qualifications and abilities.

When an external hex implant is used to replace a single tooth, the weakest link between the implant, abutment connection, screw, and bone is the screw. This is because with this connection type the screw alone secures the abutment.

External Connection

The initial 0.7 mm external connection, being short in length, provided only limited screw engagement. The original narrow platform associated with the external hex connection created a short fulcrum arm, which also increased screw loosening due to adverse tipping forces. Consequently, the short and narrow external connections made screw loosening a common occurrence. Research clearly indicates that screw loosening is more common with external connections. The seriousness of screw loosening resulted in manufacturers implementing major modifications to the external hex connection.

Modifications

The first solution to overcome the adverse force distribution and instability of the abutment connection was increasing the width and height of the external hex connection. Currently available external hex heights range from 0.7 to 1.2 mm and widths from 2.0 to 3.4 mm, depending on the manufacturer. These adjustments increased the fulcrum arm and deepened the abutment screw engagement, thus limiting the tipping forces on abutment screws and reducing the prevalence of screw loosening.

Retaining Prosthetic Screw

Another aspect that was modified to lessen screw loosening was the design of the retaining prosthetic screw itself. As a screw is tightened with torque it elongates and produces tension between the abutment and implant. Elastic recovery then occurs within the screw, which creates a “clamping force” binding the abutment and the implant.

Preload is defined as the difference between screw elongation and elastic recovery. This determines the “clamping force” which binds the abutment and implant together. Screw loosening occurs when the forces acting on the implant are greater than the “clamping force” or preload of the screw.

Modifications

Several modifications have been made to improve upon the design of Branemark’s original abutment screw. In 2000, Binon noted screw modifications that included the shank, number of threads, diameter, length, thread design, and torque applications of the abutment screw.

Other changes have focused on the material of the screw itself. Haack et al. (1995) suggested that gold screws were superior to titanium. Haack noted that, at manufacturers’ torque recommendations, the mean preload using a gold screw was greater than that of titanium. Reports have shown gold alloy screws to achieve over twice the preloads of titanium alloy screws. A greater preload minimizes screw loosening.

Rotational Misfit and Screw Loosening

Rotational misfit is the misfit between the implant and the abutment. This rotational freedom of the abutment itself on the implant contributes to screw loosening and may lead to micro-movements during loading. In addition, when components do not seat properly, tightening a screw may damage the threads within the implant or on the screw itself. Either way the misfit of the abutment and implant leads to screw loosening.

Studies have shown that a rotational misfit of less than 2 degrees provides a stable screw joint, thus limiting screw loosening. However, the rotational misfit of the external hex connection was originally shown to be between 3 and 10 degrees, providing a further cause of screw loosening.

Modifications

Once taller and wider external hex connections were introduced, the problem of rotational misfit improved. From a manufacturing standpoint, machining a larger hex is much easier and results in enhanced precision of fit and a reduction in rotational misfit.

In addition, other designs were developed to eliminate the degree of rotational misfit. For example, 1.5 degrees of taper among hex flats was introduced, which creates a friction fit between the abutment and implant. Another design involved adding micro-stops in the corners of the abutment hexagon that engages the implant hexagon. Both these designs aimed to limit the misfit, which in turn limits micro-movements and screw loosening.

Internal Connections

External connection modifications have reduced the problem of screw loosening. However, overcoming the esthetic and microbial seal issues warranted a novel approach to the design of the abutment connection. Rather than modify the existing abutment, a new concept was developed – that of the internal connection. This shift revolutionized the market. Now numerous variations of internal connections are available from the different implant manufacturers.



Advantages of the internal connection

· Less screw loosening 

· Better esthetics 

· Improved microbial seal 

· Better joint strength 

· More platform switching options





Disadvantages of the internal connection

· The weakest link is the bone rather than the retaining prosthetic screw 

· There is less historical literature on internal connections than external connections



Force Distributions

With an internal connection the weakest link between the implant, abutment connection, screw, and bone is the bone. The force distribution with an internal connection loads deep within the implant wall and distributes out towards the bone. This force distribution shields the forces placed on the screw itself, thus dramatically reducing screw loosening. Levine et al.’s study in 1999 showed screw loosening with conical internal abutment connections to be as low as 3.5%. This was a remarkable improvement from the external connection record, where studies found levels of screw loosening ranging from 6% to 48%.

However, some practitioners do not consider the load transfer feature of the internal connection to be a positive improvement. They argue that if an implant–abutment connection receives excessive forces due to traumatic occlusion or implant malpositioning, screw loosing is easier to deal with than crestal bone loss around the implant.

Rotational Misfit and Screw Loosening

The rotational misfit found in internal connection designs is significantly less than that of the original external hex connection. Some internal connections have essentially eliminated rotational misfit by using a friction-fit design. The precise fit between implant and abutment limits any micro-motion between them, thus limiting screw loosening.

Esthetics

With esthetic zone restorations, the buccal aspect of the prosthesis needs to have enough bulk of ceramic to achieve an ideal color and esthetic outcome. In addition, an esthetically pleasing restoration requires a coronal transition depth from the implant–abutment connection to the gingival margin. This maintains a proper emergence profile and masks the unesthetic metal connection.

External connections are limited in their ability to provide the necessary transition depth or bulk required for esthetic restorations. They may also occasionally appear bulky with an unesthetic emergence profile. Also, external connections may have metal exposed at the finish line level since an expansive abutment cuff height is required to house the external connection of the implant.

Internal connections (Figure 4.2) are undeniably superior in their ability to provide an esthetic restoration. They permit a sufficient bulk of restoration while at the same time permitting a smooth buccal contour. In addition, the internal connection may provide a better prosthetic emergence profile because technicians can trim the abutment accurately.

[image: image2.jpg]


Figure 4.2    Note the esthetic advantage with an internal connection (a) over that of an external connection (b). Courtesy of Zimmer Dental. © 2012 Zimmer Dental, all rights reserved.

Microbial Seal

Any implantologist has experienced a foul odor when an implant abutment is removed. This is due to a leakage of saliva and bacteria into the micro-gap between the implant and abutment, providing a space for micro-organisms to accumulate and thrive. This collection not only creates toxins that cause the unpleasant odor when the abutment is removed, but also increases inflammation at the implant–abutment junction that will eventually cause crestal bone loss.

Internal connections have a greater potential for obtaining a microbial seal between the abutment and implant than do external connections. This microbial seal is achieved due to the precise fit between the abutment and implant, excluding even the smallest microbes. This is a major advantage, although some internal connections fare better than others in this respect.

Many implant companies have capitalized on their superior microbial seal to market their implant systems. For example, Bicon’s study in 2004 verified that their internal morse taper connection provides a hermetic seal that does not permit bacteria to leak from outside-in or from inside-out the abutment connection (Dibart et al. 2005). Mairgünther and Netwig in 1992 showed that the Ankylos abutment connection could provide a vacuum seal for 60 hours.

Most internal connection designs have entered the market with studies promoting their ability to provide a microbial seal.

Superior Joint Strength

Mollersten et al., back in 1997, concluded that deep joints were more likely to resist bending forces than shallow joints. The shallow 0.7 mm external hex connections are simply outdated as deep internal joint connections have greater joint strength. This superior joint strength is particularly important under increased load-bearing areas like the molar regions.

Some practitioners argue that the main reason to use internal connections is because they are esthetically superior in the anterior area. Others maintain that their main attraction is due to their superior joint strength in the posterior area. And some still argue that they prefer internal connections because they are less of a hassle with little screw loosening. Regardless of where implants are placed in the mouth, most clinicians now consider internal connections to be preferable to external connections. It is no surprise that there is such a wide variety of internal connections on the market today for clinicians to choose from.

Platform Switching

Platform switching is a method of preventing crestal bone loss. Although this feature is offered by internal and external connections, the internal connection design uses platform switching more often. To platform switch, the diameter of the abutment is narrower than that of the implant. For example, a 5 mm diameter implant might be used with a 4 mm diameter abutment. Traditionally, the diameter of the implant and the abutment were identical.

The rationale behind platform switching has varied in the literature. Many studies have theorized that an inflammatory infiltrate collects around the implant–abutment junction. By bringing this infiltrate medially, the inflammatory process is confined within the implant platform, thus lessening coronal bony resorption.

Maeda and colleagues (2008) theorized that the rationale behind platform switching was based on biomechanical advantages. They noted that platform switching not only decreased the stresses around the implant–abutment interface but also increased the forces around the abutment itself, which resulted in decreasing crestal bone loss.

Most studies, however, agree on one thing, the effectiveness of platform switching. Atieh’s systematic review and meta-analysis in 2010 also validated this point. Atieh noted that the degree of crestal bone loss was affected by the difference between the diameter of the implant and the abutment. She noted a significant decrease in crestal bone resorption if the implant–abutment diameter difference was greater or equal to 0.4 mm.

Platform switching has been on the market since the introduction of the cone screw or morse taper designs with implants from companies such as Straumann, Ankylos, Bicon, or Astra. These conical designs have always inherently offered the benefits of platform switching.

Comparison of Different Internal Connection Designs

As discussed earlier internal connection have several advantages over external connections, namely less screw loosening, improved esthetics, an advanced microbial seal, a strengthened implant–abutment joint connection, and a variety of options for platform switching. It is clear that practitioners and research, as well as manufacturers, are supporting the internal connection as the superior design. However, the internal connection market has splintered into several different competing designs. Little landmark research has been done to clarify which internal connection is likely to be the best design. The shear fact that the market has not rallied around one single internal connection type leads to the fact that solid research is still lacking.

There are advantages to having different internal implant connections on the market, but the decision between them is arguably more of a style or preference issue than anything else. This text certainly does not seek to endorse one connection design over another. Rather, this section characterizes the major friction-fit joints followed by the slip-fit joints currently available on the market (Table 4.1).

Table 4.1    Friction-fit connections on the market

	Company
	Connection
	Unique features

	Zimmer: Screw-Vent
	Internal hexagon
	1.5 mm deep internal connection

	BioHorizonss: Tapered
Internal
	Internal hexagon
	Spiralock screw technology

	Biomet 3i: Osseotite
Certain
	Hexagonal and dodecagaonal antirotational features
	Audible “click” when seated
Platform switching

	Bicon
	Morse taper
	No abutment retaining screw necessary.
Inherent platform switching

	Straumann: synOcta
	Cone screw
	Internal octagonal antirotational feature
Inherent platform switching

	Astra Tech: Astra
	Cone screw
	Dodecagonal antirotational feature
Inherent platform switching

	Ankylos
	Cone screw
	No additional antirotational feature used other than its morse taper with non-indexed abutments
Inherent platform switching


Friction-Fit Joints

Internal Hexagon and the Friction-Fit Joint

The internal hexagon connection has an internal hexagonal-shaped antirotational feature. Many implants utilizing the internal hex feature have moved away from the older slip-fit joint connections towards friction-fit joint connections. The friction between the abutment’s tapered connection and the internal surface of the implant’s connection creates the friction-fit joint. Since the abutment literally wedges into the implant’s internal hex, the connection is called a “friction fit.” This friction fit provides the microbial seal, minimizes the chance of screw loosening, and enhances joint stability with its internal connection.

Examples of internal hexagon friction-fit joint connections made by different manufacturers are discussed in this section.



Terminology

· Friction-fit joint:  A connection feature where the mating components fit with friction rather than passivity 

· Butt joint:  The mating components of the abutment–implant interface consist of two right-angled surfaces 

· Beveled joint:  The mating components of the abutment–implant interface consist of beveled or angled joints 

· Internal hexagon or internal “hex”:  An internal connection utilizing the hexagon as an antirotational feature internally within the implant



Zimmer Dental: Screw-Vent®    

A prime example of an internal hexagon connection (Figure 4.3) with a friction-fit joint is the Screw-Vent joint connection used in Zimmer implants. This connection was initially conceived of by Dr Niznick in the 1980s and manufactured by Corevent Corporation. The design was later bought by Zimmer and is still used today.
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Figure 4.3    Screw-Vent friction-fit internal hex connection. Courtesy of Zimmer Dental. © 2012 Zimmer Dental, all rights reserved.

In 1996, Binon and McHugh concluded that the rotational misfit for the Screw-Vent system used by Zimmer was 0 degrees when tightened to 30 N-cm. Under a scanning electron microscope, the abutment–implant interface reveals a virtual “cold weld” between the two surfaces. The 1.5 mm deep friction-fitting connection shields the screw from significant adverse tipping forces, preventing screw loosening.

BioHorizons    

The internal connection made by BioHorizons can also be described as an internal hexagon friction-fit joint (Figure 4.4).
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Figure 4.4    BioHorizons friction-fit internal hex connection. Courtesy of BioHorizons.

In a similar manner to the Screw-Vent joint, BioHorizonss also utilizes a 1.5 mm internal hex connection with a friction-fit joint. This abutment–implant interface creates a wedge effect, producing a seal.

Besides the friction-fit joint and internal connection, BioHorizons takes shielding the screw one step further with the use of the spiralock thread design. Spiralock technology is used in orthopedics and by aerospace industries to lessen screw loosening. With all the safeguards against screw loosening these designs nearly eliminate the problem of screw loosening.

Biomet 3i: Osseotite Certain™    

The Biomet 3i connection (Figure 4.5) can also be classified as an internal hex connection consisting of a hexagonal and dodecagonal antirotational feature.
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Figure 4.5    3i hexagonal and dodecagonal internal pattern. Courtesy of Biomet 3i. © 2009 Biomet 3i, all rights reserved.

Biomet 3i’s straight abutment utilizes the hexagon internal connection, while their 15-degree correctional abutments utilize the 12-point antirotational feature. This allows the positioning of the angled abutments to be placed at 30-degree intervals for an improved prosthetic position.

A unique feature with the 3i Osseotite Certain implant is that an audible “click” is heard when this abutment is fully seated. This enables a practitioner to be sure that a dental abutment is fully seated within its deep 4.0 mm internal engagement.

Unlike other internal hexagon connections, the 3i internal hexagon design also has the benefits of platform switching. In contrast to the cone screw and morse taper designs, where platform switching is an inherent property of the design, 3i’s internal hexagon design (Figure 4.6) requires a narrower implant abutment on top of a widened implant platform.

[image: image6.jpg]


Figure 4.6    Biomet 3i internal hex connection. Courtesy of Biomet 3i. © 2009 Biomet 3i, all rights reserved.

Morse Taper and the Cone Screw

A morse taper is a cone within a cone. When two perfectly manufactured cones are tightly brought together, they provide a welded “friction-lock” stability. The degree of the morse taper is a percentage unit that reflects the shaft length relative to the radius of the shaft. For example, a 2% morse taper shaft length increase of 100 mm will have a radius increase of 2 mm. Whereas a 4% morse taper shaft length increase of 100 mm will have a radius increase of 4 mm. Most morse tapers vary from from 0% to 7%, but dentistry most commonly utilizes a 4–8% taper.

For clarity’s sake this text will categorize a “true morse taper” connection as an implant system where an implant and abutment do not require an abutment screw between the two interfaces. The Bicon taper is a prime example of this. The term “cone screw” will be used for systems that utilize the benefits of the morse taper but connect the abutment to the implant with a retaining screw. There are multiple examples of the cone screw connection including those from Straumann, Astra, and Ankylos.



Terminology

· True morse taper:  An abutment “cone within a cone” creating a seal between the implant and abutment without the need for a retaining screw 

· Cone screw:  Internal, tapered, self-locking connection utilizing the self-locking principles of a morse taper but with a retaining screw connecting the abutment to the implant



Bicon: The True Morse Taper    

Bicon’s implant–abutment connection is achieved with a 1.5-degree locking taper (Figure 4.7). The abutment is placed by tapping the abutment into the implant socket, which elastically deforms both the implant and abutment and is termed a “cold weld.”
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Figure 4.7    Bicon morse taper. Courtesy of Bicon.

The advantage with using these implants is the fact that the abutment can fit anywhere in the 360 degrees of the implant. This allows the prosthesis to be positioned into an ideal orientation. Since there is no other implant system similar to that provided by Bicon, prosthetic options are limited to those offered by this company. The uniqueness of the system requires a learning curve for practitioners until they become comfortable with restoring this implant.

As outlined previously, Bicon has demonstrated the ability of their connection to provide an adequate microbial seal. The cold weld formed between the implant and abutment has been shown to create a hermetic seal keeping bacteria from colonizing the implant. In addition, the morse taper design naturally provides platform switching by medializing the implant–abutment connection.

Because there is no retaining screw with the Bicon system, there are no concerns about screw loosening. Generally in the posterior part of the mouth, occlusal forces decrease the preload of the retaining screw, but with the Bicon implant the occlusal forces strengthen the connection between the implant and abutment.

Removing a Bicon abutment from the implant requires the use of forceps to spin the abutment to overcome its cold weld with the implant.

Cone Screw

The cone screw utilizes similar principles to the morse taper. The cone within a cone connection provides a friction-lock connection, which is then retained with a screw. This morse taper friction lock not only provides a microbial seal but also antirotational features that ultimately reduce screw loosening. In addition, all cone screw connections inherently provide the benefits of platform switching.

Some cone screw connections utilize other antirotational features such as a hexagonal or dodecagonal feature, while others use the morse taper connection as the only antirotational feature. Leading cone screw implants on the market are provided by Straumann, Astra, and Ankylos.

Straumann    

Straumann’s was the first cone screw attachment on the market with an 8-degree morse taper (Figure 4.8a). In addition, the synOcta™ attachment utilized by Straumann provides an internal octagon antirotational feature (Figure 4.8b) in combination with the morse taper connection.
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Figure 4.8    Straumann synOcta design. (a) 8-degree morse taper. (b) Internal antirotational feature. Courtesy of Straumann.

Astra    

The Astra cone screw connection utilizes an 11-degree morse taper (Figure 4.9). In addition, the Astra implant also utilizes a dodecagonal antirotational feature in combination with the morse taper.
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Figure 4.9    Astra cone screw connection. Courtesy of Astra Tech.

Ankylos    

Ankylos provides another common example of a cone screw connection with a 5.7-degree morse taper connection. This connection has indexed (Figure 4.10) and non-indexed abutment connections.
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Figure 4.10    Ankylos cone screw connection. Courtesy of Dentsply (Ankylos).

The non-indexed feature is truly a “cone within a cone,” which uses the morse taper alone as an antirotational feature. This option has the additional benefit that the abutment can be connected in any position, which has an obvious prosthetic advantage.

Slip-fit Joints

Table 4.2 lists the different types of joints made by various manufacturers.

Table 4.2    Slip-fit joint connections

	Company
	Connection
	Unique features

	Frialit-2
	Internal cylinder hex
	Deep internal connection

	Neoss
	Spline connection
	Potential for platform switching

	Camlog
	Cam-tube connection
	Deepest, most stable internal connection

	Nobel
	Tri-channel or tri-lobed connection
	1.2 mm deep internal connection

	Keystone
	Six-lobed connection
	Variant of the tri-lobe


Internal Cylinder Hex

Another variant of the internal hexagon is the internal cylinder hexagon. Whereas standard internal hexagon joints have their hex joint nearly 1.5 mm deep, this connection has the hex joint up to 5 mm deep within the implant. The most popular internal cylinder hexagon joint is not a friction-fit joint but rather a slip-fit joint. The major advantage of this connection is that the deep 5 mm connection provides a significantly superior joint strength in comparison with the external connection.

Mollersten et al. (1997) plainly showed that deep joints are more likely to resist bending forces than shallow joints. This connection capitalizes on this concept.



Terminology

· Internal cylinder hex:  A cylindrical abutment with a deep 5 mm internal implant–abutment hex connection, which is connected to the implant via a retaining screw 

· Slip-fit joint:  The implant–abutment connection has a passive fit between the two mating connections



The Frialit-2 is an example of an internal cylinder hex with a 5 mm deep internal hex connection and a slip-fit joint (Figure 4.11).
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Figure 4.11    Frialit-2 internal cylinder connection.

Spline Connections

The spline connection utilizes keys or “splines” (Figure 4.12) to connect the implant and abutment through grooves in a slip-fit joint. There are few data on this connection type since only a few implant companies use this technique. Neoss is one of the companies with spline connection.
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Figure 4.12    Neoss abutment with a spline connection. Courtesy of Neoss. © 2010 Neoss, all rights reserved.



Terminology

· Spline:  Six parallel keys or “splines” alternate with six grooves connecting the implant and the abutment together (both external and internal connections have utilized splines)



Neoss    

The internal spline connection of the Neoss implant is called Neolinks (Figure 4.13). This connection ensures precision of fit, limits micro-motion, and provides load relief to the screw. It has a narrower abutment than its implant platform, providing benefits of platform switching.
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Figure 4.13    Neoss spline connection. Courtesy of Neoss. © 2010 Neoss, all rights reserved.

Cam Tube and Tri-Channel Connections

The deep cam tube and tri-channel connections utilize three deep internal connecting engagements in a slip-fit joint (Figure 4.14).
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Figure 4.14    Camlog’s cam tube connection. Courtesy of Camlog.

The deep cam tube has been defined as a “tube-in-tube” slip-fit joint. The cam tube connection has the deepest and strongest internal connection on the market, with a 5.4 mm deep internal connection. Due to the stability of the joint there is minimal screw loosening. In addition, the deep connection provides a superb microbial seal. The cam tube connection is utilized by the Camlog implant company.

The tri-channel or “tri-lobe” connection from Nobel Biocare (Figure 4.15) has a close similiarity to the cam tube connection (Figure 4.16). This connection utilizes a tri-channel with a 1.2 mm depth slip-fit joint.
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Figure 4.15    Nobel Biocare tri-channel design.[image: image16.jpg]@
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Figure 4.16    Comparison of (a) the cam tube and (b) a tri-channel connection.

The keystone connection (Figure 4.17) is a modified version of the tri-channel connection. It offers a six-lobed rather than a three-lobed approach to the internal connection.

[image: image17.jpg]


Figure 4.17    Keystone connection.



Terminology

· Cam tube:  Tube-in-tube abutment connection where three cam tubes are seated within the body of the implant 

· Tri-channel or tri-lobed design:  Three lateral channels project from the abutment into the implant body



Connection Diversification among Implant Companies

It is important to note that although implant companies originally were known for a single connection design, this is certainly not the case today. For instance, 3i not only has an internal hex and external hex but has also introduced the Osseotite TG, which utilizes a cone screw connection comparable to that from Straumann.

Implant Direct offers an internal hex (similar to BioHorizonss or Zimmer), an internal octagon (similar to Straumann), as well as an internal tri-lobe (comparable to Nobel Biocare). Southern implants utilize an internal octagon (similar to Straumann) as well as a tri-lobe connection (similar to Nobel Biocare). Even Nobel Biocare has diversified from their tri-lobe connection into offering a conical connection.

Since most of the connection patents have ended implant companies are diversifying their abutment connections by copying each other.

Conclusions

In conclusion, implant–abutment connections have progressed from the early external hex connection to more advanced internal connections. The internal connection is clearly a superior design to the external one and the market is shifting more towards the use of internal connections with deep internal joints. Among the several designs available, the market has not rallied around one but rather has branched out into several varying options. Each system has the inherent advantages found with internal connections, although there is no solidifying evidence pointing to a single best internal connection type.

Initially, each dental implant company was isolated with differing patented abutment connection designs. More recently, several companies have diversified the abutment connections they offer. With this diversification within each company further unbiased research will undoubtedly develop. The future appears bright with upcoming research directing the market towards a clinically proven favorable internal connection design.
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