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Abstract

Hybrid dentures consist of one of the most popular options in the fixed restoration of the edentulous arch. For a successful and durable
prosthesis it is of utmost importance to pay good attention to the design and fabrication of such implant frameworks. Conventionally the
framework was fabricated using traditional metal casting. However, with the advent of digital dentistry CAD CAM frameworks have
become popular and their fabrication much easier and efficient.With a focus on design of implant frameworks and the digital fabrication
process of hybrid dentures, the goal of this study was to summarise the pertinent literature in this area.In conclusion, hybrid dentures seem
like a viable treatment option when designed correctly and CAD CAM technique seems like a popular and efficient technique to do so.
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INTRODUCTION

Traditionally Hybrid frameworks were constructed using metal and traditionally manufactured using conventional casting (lost
wax). However with the advent of digital dentistry many techniques and materials have been introduced into the world of fixed
prosthodontics. There have been many studies comparing the accuracy of metal prosthesis fabricated using different
manufacturing techniques (1). Most of the studies suggested the additive technique (DMLS) to be the most accurate in terms of
marginal and internal accuracy(2).

CAM milling technology is very often referred to as a subtractive process. In layman terms it involves taking a block of material
and cutting away everything that is not necessary until the final restoration is procured. This is in contrast to the additive
processes which involve addition of material layer by layer to build the final product. In a study done by Eun-Jeong et al, where
they compared overall accuracy of dental restorations fabricated using additive and subtractive techniques, additive techniques
fared better(3)(4).

Various additive techniques used to fabricate metal prosthesis are Stereolithography, Digital Light Processing (DLP), Direct
metal laser sintering. Direct metal laser sintering has more applications in the dental field as compared to the other 2 methods.
Direct metal laser sintering (DMLS) was developed jointly by Rapid Product Innovations (RPI) and EOS (Electro Optical
System Germany), starting in 1994, because of the first commercial rapid prototyping.

This review looks into the design considerations and digital techniques of fabricating implant frameworks.
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Design Considerations

Implant frameworks must be rigid to support a fixed prosthesis. Cantilevered segments in the areas of high stress could lead to
compromise in the integrity of the framework and could eventually lead to framework fracture. Hence the significance of AP
spread.

Ap Spread And Cantilever Extension

Cantilever extensions have been utilised in dentistry to varied degrees, but their use has been discouraged due to its impact on
the abutment (5). However, in the case of implant-supported prosthesis, cantilever extensions are used to restore the lost
occlusion(6). The A/P spread is an important aspect in the distribution of occlusal loads because it offers a macroscopic measure
of the geometric distribution of the implants(7). While Rangert recommended a minimum of 10mm cantilever length, English
recommended limiting the cantilever extension to 1.5 times the A/P spread when five implants were present (7,8). English also
stressed on the ill effects of vertical cantilever when the crown:implant ratio exceeded 2:1(9).

Figl : AP Spread and Cantilever extension (Courtesy: Glidewell dental)

Multiple authors recommended modifying the framework to lessen the stress induced by the cantilever extension. For support,
Worthington et al and Sones et al recommended integrating enough metal distal to the posterior abutment as well as around the
cylinders(10).

To counterbalance the stresses, Taylor and Bergman recommended a minimum of 5.4 mm occluso gingival thickness and 4.2
mm facio-lingual thickness (10,11). For improved stress distribution, Jemt advocated a minimum thickness of 4-6mm occluso
gingivally, and Ramussen suggested using an I-beam design(12)(13).

Design Of The Framework

The design of the framework plays a major role in the success of the prosthesis. The design depends upon the geometry and
characteristics of the material used(13,14).

The frameworks must maintain a minimum thickness; Taylor proposed that the frameworks be 3mm thick(15), while Carr and
Stewart advocated that cast bars be around 7 mm tall and 6 mm wide(16).

Thickness of the framework primarily depends on the type of metal, fabrication technique used for each specific framework,
the number and length of implants, the type of supporting bone, and the opposing occlusion. Various designs such as ‘I’, ‘L’,
‘U, ‘oval’, ‘elliptical’, ‘square’ have been widely used and extensively tested for efficiency in clinical and lab settings. Designs
with ‘" and ‘L’ shapes are great clinical options with ‘I’- shaped bars having the highest resistance at the region of the
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cantilever(17,18).

I’ beam also provides increased rigidity and strength to the framework with minimal increased bulk and weight. Rasmussen
stated that I-beam-designed frameworks maximised resistance to occlusal loading and minimised permanent deformation under
stress(13). Staab and Stewart measured beam deflection and maximum normal stress in ‘L, ‘I’, “elliptical” and ‘oval framework
designs and found that I-beam design deflected less and experienced the smallest maximum normal stress of the tested designs,
while L design experienced the largest normal stress(19). Mericske-Stern recommended the ‘U’-type because of a larger
transversal area to promote better bonding at welding(20)(11). De Carvalho tested the resistance to compression of the ‘T’ bar,
inverted ‘T’ bar and rectangular bar and showed that the most resistant design was the rectangular bar(11,21). It was stated by
Von Gonten et al that relative to the design of the framework, consideration should also be given to limit the amount of acrylic
resin required to retain artificial denture teeth. He described a design that consisted of an L-beam with extended vertical wall
height lingualy(22). But there wasn't any scientific evidence to prove the clinical success.

Fig 2 : CAD/CAM framework designed using an I-bar design.Facial and lingual surface were modified similar to the
L-beam design to better attach to the acrylic. (Courtesy : Drago et al 2013

Site

Difference in the resorptive patterns between the maxillary and mandibular arches usually leads to difficulty in implant
placement in the ideal positions, complicating the prosthetic relation between the arches(22,23)(24). The esthetic demands in
the maxillary prosthesis tend to be more dramatic when compared to the mandibular prosthesis. As per Zarb and Schmit, unlike
mandibular implant prostheses where hygienic type designs have proven to be functionally and aesthetically acceptable,
maxillary implant prosthesis comes with an array of different esthetic and functional requirements(25). Maxillary prosthesis is
expected to predictably restore original soft tissue contours, tooth positions, and arch forms. It also has a great impact on speech,
and patients have also identified speech as a major factor in perceived satisfaction of their prostheses(26).

Passivity Of The Framework

Importance of passivity: Osseointegrated implants are subjected to static and dynamic loading. Dynamic forces on the implants
may arise due to chewing which can reach various magnitudes(26,27) whereas tension in the bridge locking screws, when
securing a misfitting framework to the implants induces a static force(12,28).Passive fit or a strain free superstructure is
theorised to exert zero strain on the supporting implants in the absence of an external load. However, fabricating an absolutely
passive framework with the available technologies is considered to be impossible(29). Branemark stressed that a controlled
mechanical environment is necessary to assure adequate remodelling stimulus for maintenance of osseointegration(30). Milled
frameworks from solid blanks of Ti or Ti alloys are homogeneous; with minimal defects when compared to defects noted within
cast frameworks(31). CAD CAM fabricated frameworks generally provide better, more accurate fit than conventional cast
framework(32).
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Influence Of The Prosthesis Type And Effect On Force Distribution Around The Implants:
Weight

There is a general belief that the lighter materials are advantageous owing to their weight but they lack substantial research in
this aspect in implant dentistry. This is followed by the use of titanium with coated acrylic resin, weighing 15-18g(33). This
use of milled titanium was encouraged to avoid the difficulties associated with casting titanium and can optimise the results(34).
Another option would be the use of the CoCr framework. CoCr framework with acrylic teeth weighed around 20g while ceramic
layering weighed a whopping 60g almost 55% higher than a layered titanium prosthesis(35). However Bhering et al who
evaluated the strain around the implants with a CoCr superstructure found it to be better than titanium(36). There is hence a
direct relationship between the weight, material used and the strain generated around the implants.

Number Of Implants

When observing the relation between the strain on the implant and the number of implants used, it was observed that with the
increase in the number of implants the strain decreased. This relationship however is not linear, since twice as many implants
does not generate half as much force. This could be owing to the varying anatomy of bone, and the distribution of implants(37).

Fit Of The Prosthesis

The passivity of the framework is fundamental to the success of the prosthesis and also for the underlying implants(37,38). Any
misfit, clinically discernable or not is believed to induce internal stresses in the framework as well as the surrounding
bone(28,37). Passivity of fit in terms of screw retained prosthesis is difficult to achieve especially in the case of multi-unit
implant supported prosthesis(39). Jemt and Lekholm were pioneers in assessing the relation between deformation of the
framework and underlying bone due to the misfit of the framework. In an animal study which involved the placement of implants
in the tibia of rabbit, they found that a deformation of upto 100um was caused at the bone level when the prosthetic discrepancy
was in the range of 50pm. They highlighted the role of this deformation in the initial phase of osseointegration(39,40). Arturo
Natali et al assessed the stress induced in the peri-implant bone in association with labio-lingual and mesio-distal misfit(41).
They were able to conclude that the compressive stress peak in the mesio-distal direction was 50% greater than that in
labiolingual direction. They also stressed the importance of the stiffness of the framework, and suggested the use of framework
material with low stiffness for better peri-implant response. Contrary to these observations, a recent systematic review by
Katsoulis et al considered that there was insufficient evidence on the influence of prosthetic misfit on clinical outcomes in terms
of screw-retained prosthesis(42).

Digitally Designing The Framework

The cast can be scanned using the Medit Lab scanner (Medit T500). Lab scanners can be used as they have shown superior
trueness and precision in comparison to intraoral scanners(Mangano et al., 2016; Dutton et al., 2020). This scan can be used to
design a Non- Engaging implant supported hybrid denture framework using digital softwares such as 3Shape ( 3Shape
Copenhagen, Denmark).
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Depicting the design of the hybrid bar framework and the cantilever extension on the basis of the A-P spread

Milling (Subtractive Method)

CAM milling technology is very often referred to as a subtractive process. It involves taking a block of material and cutting
away everything that is not necessary until the final restoration is procured. By improving restoration accuracy, speeding up
their delivery, and raising patient satisfaction, the adoption of multi-axis milling machines has boosted the efficiency of
CAD/CAM dentistry. However, they inevitably have some restrictions, such as those related to milling machine size, price, and
kind (4-axis or 5-axis).

Printing Techniques

Additive processes which involve addition of material layer by layer to build the final product. In a study done by Eun-Jeong
et al, where they compared overall accuracy of dental restorations fabricated using additive and subtractive techniques, additive
techniques fared better(3,43)(4).

Basically three different 3D printing technologies (additive process) are being used in the dental industry: stereolithography
apparatus, digital light projection and direct metal laser sintering (DLMS or DMLS or just MLS)(44). Each and every system
varies in the different types of materials available and how these materials are solidified and being used.

Conclusion

With the development of digital dentistry, the manufacturing of implant prosthesis has become faster, easier and more efficient.
However, it is important to focus on the design of the prosthesis, to achieve desirable and sustainable results.
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