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Successful innovation is a feat……………. not of intellect, but of will!
· Joseph Schumpeter





Introduction
The allure of innovations captures human interest, particularly when these advancements yield tangible advantages. From the inception of human society, there has been an ongoing evolution marked by transformative milestones, ranging from the discovery of fundamental elements like wheels and fire, to the revolutionary emergence of supercomputers and gravity-defying aircraft.
Undoubtedly, our world has made remarkable progress along similar lines. In a parallel fashion, aspects of human well-being, such as oral and dental health, are undergoing significant shifts. The scientific and technological foundations of dentistry are rapidly expanding within a context where changes in healthcare management and financing, shifts in demographic trends, and heightened public expectations for an enhanced "quality of life" play substantial roles.
Dentistry has progressed far beyond mere tooth replacement, extending to the restoration of lost alveolar structures that support facial features, restoration of aesthetics, improvement of speech, and numerous other significant advancements. Most notably, through the integration of artificial materials and cutting-edge technologies, dentistry can now offer a remarkably natural appearance, showcasing one of the pinnacles of human achievement. Progress in the field of prosthodontics continues at a rapid pace, not solely in response to technological innovations but also as a result of societal forces like consumerism.
Central to prosthodontics is the restoration of depleted or damaged dentitions, a practice that encompasses a wide spectrum of approaches. However, the core principle remains the replacement of missing teeth and tooth structures. This principle is built upon the belief that reinstating the integrity of the dental arch holds therapeutic benefits for the patient, while selecting prosthodontic interventions with favorable mechanical characteristics is expected to positively influence treatment outcomes.
Unsurprisingly, definitions of prosthodontics as found in publications consistently exhibit a distinct technological viewpoint of the field. Arguably the most widely adopted definition of prosthodontics is as follows: "The branch of dentistry concerned with restoring and preserving oral function, comfort, appearance, and health through the utilization of artificial substitutes to replace missing teeth and adjacent tissues." Despite its widespread acceptance, there are individuals who find fault in the definition due to its lack of specificity concerning the desired levels of oral function, comfort, appearance, and health in various situations. For instance, it remains unclear whether the pursuit is for an ideal, maximum, or merely acceptable level of oral function.

Additionally, the definition lacks clarification regarding the extent to which missing teeth should be replaced, assuming it as an essential requirement. Simultaneously, both risks and benefits can be associated with prosthodontic procedures, as well as with abstaining from such interventions. A more comprehensive interpretation of the discipline was put forth in a recent article, defining prosthodontics as follows: "Prosthodontics encompasses the domain of dentistry that addresses the ramifications of congenital absence or acquired loss of oral tissues, while assessing whether the insertion of alloplastic devices yields a favorable balance of benefits over drawbacks." This definition stands out for its broader scope, focusing not only on the consequences of diminished oral tissues but also on the evaluation of outcomes resulting from the modification of these conditions, instead of solely emphasizing the technical facets of prosthodontics.

Furthermore, this comprehensive definition acknowledges the inclination of dentists to gauge their patients' treatment needs primarily through morphological considerations. Dentists often assess these requirements at a more intensive level compared to patients, underscoring the gap between what is deemed necessary and what is actually requested. This disparity is exacerbated by dentists' tendency to operate within the confines of specific technical sub-disciplines of prosthodontics, such as complete dentures, removable partial dentures, fixed partial dentures, and implant-supported prostheses. This can lead to a disproportionate focus on mechanical factors and possibilities, potentially hindering the crucial diagnostic phase of the treatment process.

Despite the absence of substantial scientific support for a direct link between mechanics and function, prosthodontics has, nevertheless, managed to leverage this approach to significantly enhance patients' quality of life. Conversely, the considerable expenses and various other barriers to treatment limit access to comprehensive care for most individuals, barring a fortunate minority. Furthermore, alongside challenges arising from factors like economic disparities, shifts in patterns of dental ailments and tooth loss contribute to a growing number of older adults retaining some of their natural teeth for longer periods. These retained teeth often necessitate extensive restorations, which can be intricate and demand considerable time and advanced skills to uphold.

The argument favoring the necessity for altering the way treatment is provided to accommodate this emerging reality is compelling. Solving such a challenge will demand a combined endeavor from the dental field and society, as the conventional prosthodontic methods for addressing this issue seem impractical and inadequate when considering the entire population. Given the current knowledge, this text endeavors to delineate the advancements in prosthodontics and its areas of treatment.







Advancement in Complete Dentures

1) A CAD/CAM System for fabrication of Complete Dentures:
This study aims to explore the development of a Computer-Aided System designed for the creation and production of Complete Dentures. Historically, the utilization of CAD/CAM technology has primarily concentrated on fixed restorations such as inlays and crowns, primarily due to the challenges associated with accurately capturing soft tissue morphologies in edentulous areas and intricacies related to interocclusal relationships.

Nevertheless, recent advancements in optoelectronic measuring units and CAD software have substantially improved the methods for capturing and quantifying three-dimensional shapes.
PROCEDURE:
Involve three major steps:
(1)	Impression procedure.
(2)	Denture designing.
(3)	Denture fabrication.


i) Impression procedure:
•	As the initial phase, an impression of the load-bearing region of the residual ridge and denture borders was taken for both the upper and lower arches. This was accomplished using custom-made double impression trays containing either Conventional Rubber Base or Silicone impression material.

•	The upper and lower arch impressions were maintained at specific vertical height (V.H.) and horizontal relation (HR) within the patient's oral cavity.

•	The dual impression trays were then transferred and affixed to a 3D laser scanner equipped with a rod that enables full 360° rotations of both impressions. This process involves capturing two-dimensional images through a scanning laser beam and a set of Four Charged-Couple Device cameras while the impression is in motion. Surface images are acquired from three different angles, and the entire procedure typically takes 15 to 20 minutes.
ii)  Denture design, Arrangement of Artificial Teeth:
•	The denture space information is transmitted to an engineering workstation. Data related to artificial teeth and denture surfaces, retrieved from the database, are aligned and compared with the denture space particulars.

•	The positioning of artificial teeth is meticulously carried out to achieve appropriate stress distribution.
iii) Denture Fabrication:
•	Either a numerically controlled milling machine or a 3-D laser lithography machine can be employed. Laser lithography is employed to construct 3D models of new products based on CAD designs. As a result, only two outer shells are created: one for the occlusal/polished aspect and another for the tissue surface. These shells are formed through photopolymerization.

•	Acrylic resin composites in tooth shades are utilized to fill the interior of the occlusal section, and the two surfaces are then joined using a reference point. Following this, tissue-colored auto-polymerizing resin composite is inserted into the space, excess material is removed, and the shells are polished using conventional methods.







[image: ]
Fig no.1) Steps in Fabrication of CAD/CAM Denture. 






2) BPS Dentures:
The Biofunctional Prosthetic System (BPS) brand denture encompasses a comprehensive approach that covers various aspects including impression-taking, record-keeping, tooth placement, fabrication, and processing. The key advantage of this approach is its ability to provide patients with complete dentures that offer the highest levels of form, function, and aesthetic appeal. The foundation of this system lies in a collaborative effort and a systematic method for removable prosthetic treatment.

BPS is specifically designed to work in harmony with the body, aiming to maximize functionality while ensuring comfort and a natural appearance for the patient. The functional impression technique, combined with the simulation of jaw movements using the Stratos 200 articulator in BPS, guarantees that BPS dentures meet the most stringent requirements.

In addressing the aesthetic needs of patients, BPS dentures utilize unique Ivoclear teeth. These teeth closely replicate the natural tooth's anatomy and are constructed from three layers of cross-linked acrylic resins, providing a lifelike appearance and exceptional resistance to wear. The BPS system employs a controlled heat and pressure polymerization process during which the precise amount of material flows into the flask to compensate for any shrinkage, ensuring a perfectly fitting denture. This controlled pressure also enhances the physical properties of the denture. 


[image: ]
Fig No. 2) BPS Dentures.






3)  Advancement in injection molding techniques (Valplast):
Valplast stands as a flexible denture base resin (polyamide) uniquely suited for partial dentures. Formulated from a biocompatible nylon thermoplastic, this resin possesses exceptional physical and aesthetic characteristics. Notably, Valplast's distinctive trait is its capacity to allow the natural tissue tone of the patient to shine through the material, which comes available in three different shades. Furthermore, the product offers a lifetime guarantee against any breakage..
Indications:
•	Fully metal-free Complete Valplast Partial Dentures.
•	Partial Dentures combining Vitallium 2000 and Valplast.
•	One-sided Valplast Partial Dentures, with or without metal.
•	Suitable for employment in splints or guards.
Contraindications:
•	In situations where there is less than 4mm of interocclusal space (using Valplast) or 6mm (when utilizing Vitallium/Valplast) in the posterior region.
•	For cases featuring bilateral free-end distal extensions accompanied by knife-edge ridges or lingual tori on the mandible.
•	If you encounter bilateral free-end distal extensions on the maxilla combined with significant atrophy of the alveolar ridges.
•	In cases of deep overbites (4mm or more) where anterior teeth are susceptible to dislodgment during lateral jaw movements.
Laboratory Processes:
•	The authorized Valplast processing laboratory is responsible for designing the case on the master model. This involves placing all necessary relief and blocking in wax to prepare the case for completion on the duplicate model.
•	Following the investment process and rinsing, teeth are readied for mechanical retention. The Valplast resin is injected into a sealed flask.
•	Once the case is removed from the flask, it undergoes finalization, fitting on the master model, polishing, and is then packaged in water for delivery to your office. The accompanying guarantee slip confirms the completion of the case using Valplast.

Insertion Technique:
•	Before inserting the case into the patient's mouth, unpack it and immerse it in hot tap water. Let it soak for about a minute. After removing it from the water, allow it to cool slightly, just to a point where it is comfortable for the patient. Gently insert the case into the mouth.
•	The hot water treatment facilitates a smooth initial insertion and aids in adapting the denture to the natural tissue in the mouth.
•	If the patient experiences discomfort due to clasp tightness, minor adjustments can be made. Immersing the partial in hot water and gently bending the clasp outward can slightly loosen it. Similarly, if a clasp needs tightening, immersion in hot water and bending inward can achieve the desired adjustment.
•	If reductions are required due to ongoing irritation, handling the resin differs from acrylic. The recommended approach involves using Green Mounted Stones, applying a gentle touch with a handpiece rotating between 20K and 30K RPMs. Prolonged contact with a bur or wheel can cause the resin to melt, necessitating continuous movement over the surface.
•	If any threads remain, these can be eliminated using a sharp blade, while surface roughness can be smoothed using a brown rubber wheel.
•	If needed, the surface can be repolished after rubberizing. This can be achieved using coarse pumice, Acrylux 150, brown Tripoli, and the ValShine polishing compound. The necessary grinding tools, Valplast knife, and polishing agents can be directly obtained from Valplast International Corp. They might also be available through your laboratory.[image: ]
Fig. no.3) Valplast.



4) Advancement in Thermoplastic Resins (THERMOPRESS  400):
The THERMOPRESS 400 injection molding system enables the processing of highly biocompatible materials for the creation of quality restorations that are free from metal. Thermopress restorations are recognized for their enhanced aesthetics and natural appearance, often surpassing comparable metal restorations [9]. The THERMOPRESS 400 system stands out for its user-friendly operation, featuring fully programmed parameters and settings for each injection material. Additionally, it incorporates two simultaneously heated injection channels, promoting rapid and efficient workflows [9].

This self-contained unit eliminates the need for additional equipment like a CO2 cylinder or compressed air. The inclusion of new control modules in the unit enables the utilization of the Thermopress investment ring system. This innovation streamlines the fabrication of Crown and Bridge work, offering a straightforward and swift approach [9].
Five advanced thermoplastic resins provide a wide range of indications:

a) Bre.Dentan:
•	Offers fracture resistance, precise fit, and lacks residual monomers.
•	Creates tooth-colored Crowns and Bridges.
•	The material's high density enables easy polishing and diminishes plaque buildup.
•	Demonstrates durability against fractures.
•	Possesses a high level of accuracy.
•	Excludes any remaining monomers.

b) Bio Dentaplast:
· 	Metal-free CoCr clasp restorations - why opt for metal when tooth-colored alternatives are achievable?
· 	Suitable for extended temporaries, tooth-colored clasps, and metal-free restorations with remarkable material attributes. Offers high precision and enamel protection.
· 	Generates metal-free clasps and retention elements in tooth-colored shades.
· 	Creates resilient, unbreakable long-term temporaries without intricate reinforcement.
· Enables the fabrication of exceedingly thin, opaque occlusal appliances.Attachment and telescope work.
· Snap on Smiles.
· Shades A1, A2, A3, B2 & B3.
                 
c) Bio XS:
•	Remarkably stable, devoid of metal, and exceptionally lightweight.
•	With the introduction of Bio.XS in 2005, Bredent ushered in novel benchmarks within the realm of metal-free restorations.
•	The advanced Bio.XS material represents a high-performance, semi-crystalline thermoplastic resin with compelling material attributes.
•	Suitable for constructing metal-free frameworks, crowns, and bridges, as well as attachment and telescopic restorations, reinforcing splints, and transversal connectors.
•	Distinguished by its robustness and lightweight nature.
•	Capable of accommodating crown wall thicknesses of up to 0.3 mm.
•	No compromise on friction loss.
•	Bonding strength values in conjunction with composites and veneers exceed 18 Mpa [*
(*Bond strength test conducted at the University of Jena, 2007)]

d) Bre.flex:
•	Flexible, comfortable, and resistant to breakage - an excellent choice for Partial Prosthetics and Clasps with remarkable biocompatibility.
•	Bre.Flex is a monomer-free denture base material designed for crafting flexible and unbreakable partial dentures.
•	Secure processing within the Thermopress 400 injection molding units allows for the creation of delicate partial and temporary dentures (with a safe injection layer thickness of 0.5mm).
•	Provide your patients with the advantages of highly biocompatible materials.
•	Straightforward trimming and polishing.
•	Enhanced shade stability and superior stain resistance when compared to other flexible resins.

e) Bre.Crystal:
•	Devoid of residual monomer, resilient against fractures, boasting high accuracy, and demonstrating biocompatibility.
•	Applicable in both Partial and Full Dentures, as well as Crystal Clear Splints and Occlusal Appliances.
•	The material undergoes processing without the inclusion of allergenic monomers or catalysts.
•	Specialized processing results in the creation of highly dense bases, allowing for effortless and rapid attainment of a remarkably aesthetic finish.
•	The material's density prevents water absorption and minimizes the likelihood of discoloration.
[image: ]
Fig. no. 4) Thermopress 400.







5)  Advancements in Artificial teeth:

a) SR Vivo TAC, SR Ortho TAC:
The ready-made SR Vivo TAC teeth empower dental technicians to incorporate both esthetic and functional factors while creating stents. These stents, in turn, play a crucial role in aiding dentists to establish implant positions accurately. Thus, these stents serve as invaluable communication tools between dentists and dental technicians.

These teeth, made from radio-opaque resin, streamline the process of planning implant-supported restorations. This efficiency allows dental professionals to precisely define the implant's ultimate location in a straightforward and time-efficient manner.
Advantages:
•Stent fabrication time is reduced due to the use of pre-made teeth.
•Implant placement is made easier.
•Reliable and strong radiopacity is guaranteed.
•The molds align with the well-known SR Vivodent PE/SR Orthotyp PE and SR Vivodent/SR Orthotyp tooth ranges.
•Alterations to the shape can be accomplished using Modifier Polymer and Monomer.
•The teeth exhibit effective bonding with both heat and cold-curing polymers.
Indications:
Fabrication of diagnostic stents for-
· Fixed implant-supported restorations.
· Removable implant-supported partial and complete dentures.

[image: ]
Fig. no. 5) SR Vivo TAC, SR Ortho TAC.

b) SR Phonares tooth lines (Ivoclar):
Ivoclar Vivadent introduces its latest nano-hybrid composite (NHC) based sets of teeth. Featuring a straightforward selection process, the tooth molds are organized into readily identifiable groups. This innovative approach enables the easy selection of teeth that best correspond to the individual traits of each patient.

Beyond shade, the shape (form), and size of anterior teeth must align with the patient's unique attributes. The SR PHONARES NHC teeth line provides a selection of 18 upper and 4 lower tooth molds designed for the anterior region.

SR PHONARESTyp NHC:
The SR PHONARESTyp NHC teeth offer versatility across a wide range of applications, making them the go-to choice for traditional denture needs including partial, complete, and hybrid denture prosthetics.

SR PHONARESLingual NHC:
	The foundation of the SR PHONARESLingual NHC tooth line lies in a lingualized occlusion concept. Beyond their universal applicability, these teeth are specifically well-suited for implant-supported removable restorations, offering an optimal static alignment.[image: ]
Fig. no. 6) SR Phonares tooth lines (Ivoclar)


c) SR Trio DCL and SR Triolingual:

Crafted through the combined expertise of prominent technicians and academicians worldwide, the Trio posterior denture teeth establish a groundbreaking benchmark in denture creation. These posterior denture teeth are accessible in both lingual and semi-anatomic occlusal arrangements, tailored to the patient's individual occlusion.

The integration of Trio posterior teeth is optimized with the Stratos articulation system. This comprehensive system comprises a range of precision articulators and setup guides, ensuring meticulous and reliable denture setups.
Indications:
•	Trio posterior denture teeth are intended for incorporation in the creation of both complete and partial dentures as deemed appropriate.
•	For cases necessitating or suiting a lingualized occlusion, employ SR Triolingual DCL. When opposing a Trio arrangement, choose the upper SR Ortholingual® DCL posterior denture teeth.
•	SR Triotyp DCL exhibits a semi-anatomic occlusal design, suitable for use in complete and partial dentures where applicable. For opposing a Trio setup, opt for the corresponding upper SR Orthotyp® DCL posterior denture teeth.

     Three posterior teeth are connected, with the first premolar remaining detached to enable a seamless aesthetic transition from front to back teeth.

For an ideal denture arrangement, both the SR Triolingual DCL (lingualized occlusion) and SR Triotyp DCL denture teeth are crafted with pre-designed functional curves (Spee and Wilson) and a modified ridge lap. This design ensures effective performance while maintaining aesthetic integrity.
d) SR Ortholingual DCL (Double cross-linked):
The SR Ortholingual DCL presents a straightforward and functional setup approach, especially tailored for the lingualized setup theory in implant-supported dentures. This particular denture tooth line is not only user-friendly but also remarkably adaptable. The three-layer composition lends these teeth an authentically lifelike look, rendering them a perfect match for intricate cases in both clinical practice and laboratory settings.
The occlusal surfaces of these teeth are meticulously designed to align with the lingualized occlusal scheme.
Characteristics of SR Ortholingual DCL:
· Tissue compatibility.
· Wear resistance.
· Plaque resistance.
· Permanence of shade.
· High grinding resistance.
· Outstanding polishability.
· Strong bond to denture base materials.

Advantages:
•	Swift and effortless setup process.
•	Harmonizes with Ivoclar Vivadent's 2-D and 3-D setting-up templates.
•	Minimized basal profile reduces the need for extensive grinding during setup.
•	Well-defined palatal maxillary cusps contribute to accurate lingualized centric positioning.
•	DCL material exhibits natural wear patterns, resembling lifelike characteristics.
Shades:

· 11 Chromascop shades.
· 16 A-D shades.
· Bleach shades.


Delivery forms:

· 3 upper posterior moulds: LU3, LU5, LU6.
· 3 lower posterior moulds: LL3, LL5, LL6.
[image: ]
Fig. no. 7) Ortholingual DCL.
     
e) SR Orthoplane DCL:
The 0-degree SR Orthoplane DCL posterior teeth exhibit a straightforward occlusal design. These SR Orthoplane DCL teeth are notably suitable for geroprosthodontics.

The SR Orthoplane DCL tooth series is created to cater to a broad spectrum of applications. These teeth are recognized for their uncomplicated occlusal structure. Crafted from double cross-linked material, SR Orthoplane DCL teeth have undergone toxicological assessments, affirming the advanced resin's biocompatibility.

In scenarios involving implants, the simplified occlusal shape combined with the DCL material confers remarkable attributes upon the teeth, garnering the satisfaction of perceptive users, dentists, dental technicians, and patients alike.
Characteristics of SR Orthoplane DCL:
· Robust adhesion to denture base materials.
· Tissue-friendly composition.
· Exceptional capability for achieving a high polish.
· Notable resistance to grinding.
· Durability against wear.
· Effective resistance to plaque.
· Long-lasting color stability.
Advantages:
· Quick and straightforward setup process.
· Minimized basal profile to limit grinding needs during setup.
· Reduced disruption in lateral movements due to the occlusal design.
· Naturalistic wear characteristics of the DCL material.
· The lower SR Orthoplane DCL molds can be paired with upper SR Ortholingual DCL molds.
Shades: 
· 11 Chromascop shades.
· 16 A-D shades.
· Bleach shades.
Delivery forms: 
· 3 upper posterior moulds: MU3, MU5, MU6.
· 3 lower posterior moulds: ML3, ML5, ML6.

[image: ]
Fig. no. 8) Orthoplanes DCL. 



6) Laser Application in the Treatment of Denture - Induced Mucosal Lesion:
The utilization of low-energy lasers has garnered significant attention in recent times. These lasers are primarily applied to alleviate pain, diminish inflammation and swelling, and expedite the healing process. Investigations into the biological impacts of low-energy lasers have centered on their capacity to enhance blood circulation in regenerating tissues, boost collagen production by fibroblasts, and induce a suppressive influence on the immune system.

Furthermore, studies have indicated heightened mitotic activity, suggesting a stimulation of growth. More recently, the antibacterial effect of low-energy laser light has emerged as an alternative to antibiotics and antiseptics for eliminating cariogenic and periodontopathogenic bacteria from lesions. The key advantage of utilizing low-energy lasers lies in achieving their effects without harming host tissues and ensuring operator safety.

The impact of therapeutic laser treatment on both soft tissues and bone leads to subsequent enhancement of denture foundation after addressing denture-induced mucosal lesions.
7) Stafne's Bone Cavity and its utilization in Complete Denture Retention:
In 1942, Stafne described a series of asymptomatic radiolucent lesions situated near the mandibular angle. Subsequent findings have revealed that this condition corresponds to a distinct concavity in the cortical bone along the lingual surface of the mandible.

This developmental depression is believed to originate from:
• Entrapment of salivary gland parenchyma during the mandible's developmental process.
• Accentuation of the cavity.
• Indentation along the mandible's lingual aspect containing an extension of the submandibular gland.

Due to their location, these bone cavities have also been termed lingual/mandibular salivary gland depressions or lingual/cortical mandibular defects. Although presumed to be developmental, these defects do not seem to be present at birth. Occasionally, the defect may manifest bilaterally.

Radiographically, they often appear as well-defined, round or oval radiolucencies. This observation is based on panoramic radiographic assessments. They need to be distinguished from any mandibular cysts. Stafne's bone cavities typically range from 1 to 3 cm in diameter and are commonly found below the inferior alveolar canal.

Engaging a mandibular denture in bilateral Stafne's bone cavities contributes to the retention and stability of the dentures.








Advancements in Fixed Partial Dentures

1) Dental Occlusal Analysis System T-Scan® III:

· For a significant period, analyzing dental occlusion was primarily a speculative endeavor for dental professionals.
· Dentists relied on tools like articulation paper, waxes, and pressure indicator paste to evaluate and equilibrate occlusal forces.
· Many of these methods lacked the sensitivity to detect simultaneous contacts, and none gauged both force and timing. Tekscan addressed this challenge by introducing the T-scan system.
· The success of T-Scan's grid-based sensor technology was so profound that Tekscan extended the same technology to numerous other applications, leading to the establishment of Tekscan's Medical and Industrial divisions.
Sensors:
· The sensor's thickness is a mere 100 microns, ensuring no disruption to the natural bite.
· Enhanced durability characterizes the sensor's latest iteration.
· The disposable sensor can be employed for 15-25 recordings, allowing for reuse.
· The 4th generation sensor bears no expiration date, offering flexibility in usage.
· In comparison to the first three generations, the 4th generation sensors exhibit a 50% reduction in inactive area.

Measures Force and Time:
•	T-scan, capable of assessing force over a duration, is invaluable for evaluating the sequential patterns of a mandibular excursion. Through on-screen visualization, you can observe a patient transitioning from MIP or CR position to a lateral excursion. This becomes crucial in identifying occlusal interferences, gauging the force distribution on each interference, and assessing the potential for trauma linked to these interferences.
•	Consider the utility of this capability in cases involving extensive fixed prosthetics on implants or any dental scenario where occlusion factors in.
Excellent Documentation and Patient Communication:
•	Once a dental occlusion movie is recorded using T-Scan, you have the ability to store the data on your computer and access it whenever required. The vibrant, full-color graphics provided by T-Scan can be integrated into other documents, such as patient records or insurance reports.
•	These identical images can also elevate your patient education approach to a higher level. Patients are captivated and deeply impressed when presented with the opportunity to witness, in color video, the enhancements you've accomplished for their occlusion.

[image: ]
Fig.no.9) T-Scan demonstration. 



[image: ]
Fig.no.10) T- Scan III System.


2) Advancements in Shade Selection:

a) Digital Shade Guide DSG 4 Plus:

•	The Digital Shade Guide DSG 4 Plus, produced and distributed in Germany, includes a compact handheld unit enabling shade assessment from one, three, six, or nine points on the tooth, as well as from neighboring teeth.
•	Color values can be exhibited as a solitary shade or as a blend of two shades at a particular point.
b) Shade Eye NCC by Shofu:

•	The Shade Eye NCC Dental Croma Meter produces a comprehensive formula for achieving a porcelain crown shade match.
•	It is compatible with multiple shade guide systems, including its exclusive Shofu Vintage Halo porcelain system, traditional Vita shades, and Vitapan 3D master, Chromascop, or Biodent.
•	The core unit can generate a printed record or transfer it to a personal computer. Through the Shade Eye Viewer software on the computer, you can document the patient's entire shade details and subsequently forward them, along with digital tooth images, to the laboratory via email.[image: ]
Fig.no.11) Shade Eye NCC by Shofu.

c) ShadeScan™ by Cynovad:

•	ShadeScan™ evaluates shades across the complete tooth surface, processes the data, and generates a shade matching report. It can also produce a report compatible with any standard shade guide system.
•	ShadeScan™ generates an image of the tooth, incorporating translucency and characterization data, followed by the production of a printed report.
•	In addition to its application for crowns and bridges, the manufacturer recommends employing ShadeScan™ for direct restorations and for monitoring teeth bleaching treatments.
[image: ]
Fig.no.12) ShadeScan by cynovad.


d) VITA  Easyshade by Vident:  

•	Comprising a handpiece with multiple spectrophotometers and an optional transparent infection control sleeve, the VITA Easyshade device includes an Easyshade probe. This probe transmits data to a touch-screen display, offering prescriptions in both Vitapan 3D-Master and classic VITA shade formats. The device accurately identifies the closest shade match from these two shade guides.[image: ]
Fig.no.13) VITA Easyshade. 
[bookmark: _GoBack]



e) Shade Vision Systems by X-Rite T:

•	Utilizing sophisticated colorimetry, the Shade Vision system precisely calculates the hue, value, and chroma of teeth in a scientific manner.
•	Following image capture of the tooth, the Shade Vision device transfers it to a personal computer for further analysis.
•	Subsequently, the shade details can be forwarded to the dental laboratory using methods such as email, disc, or hard copy printouts.
[image: ]
Fig.no.14) Shade Vision Systems by X-Rite T.

3) Advancements in use of CAD/CAM:

	Zirconia in crown and Bridge (CAD/CAM)

	· CAD ZIRCONIA COPINGS (3M LAVA, PROCERA, CERCON, ETC)
· CAD ZIRCONIA CROWNS (CEREC)
· CAD ZIRCONIA POSTS



CAD Ceramics:
	E-max CAD
	Lithium Disilicate Glass-Ceramic. To be used with Cerec.

	Empress CAD
	IPS Empress® CAD is the esthetic leucite-reinforced glass-ceramic for the efficient fabrication of highly esthetic, fully anatomical crowns

	Wide YZ Cubes
	Yttrium Stabilized  Zirconium

	VITABLOCS® Guide 3D-Master
	Nethaline Feldspar Ceramic




          Ceramic materials have firmly established themselves in various aspects of clinical dentistry. The success of recently introduced ceramics can be attributed to several factors, including advancements in technology and a growing inclination to replace metal in the oral cavity with tooth-colored materials, whenever feasible.

Similar to other restorative materials, the pursuit of an ideal ceramic material is driven by the desire for enhanced strength, clinical performance, and durability. As of now, certain ceramic materials have demonstrated the necessary strength for applications in posterior teeth, both for full and partial coverage restorations. These materials include:

a) In Ceram (Vita Zahnfabrik Germany).
b) Procera (Nobel Biocare).
c) Empress (Ivoclar Vivadent).
IN-CERAM:
          The core material of In Ceram primarily exhibits a crystalline nature, distinguishing it from other ceramic variants employed in dentistry that largely feature a glass matrix supplemented by a secondary crystalline phase.

In Ceram is recognized for its adequate strength and durability, rendering it suitable for both anterior and posterior all-ceramic restorations, as well as fixed partial denture bridgework. The varieties of In Ceram are based on alumina, spinel (a combination of alumina and magnesia), or zirconia. This variability enables the creation of frameworks with different levels of translucency through the utilization of distinct processing techniques.

Notably, the flexural strength and toughness of In Ceram alumina surpass those of conventional or high leucite ceramics by 2.5 and 3.5 times, respectively.
PROCERA:
            Procera crowns, developed by Nobel Biocare, bring together the benefits of a metal coping with precise processing methods. The underlying structure is crafted from titanium, a metal extensively utilized in dental implants due to its well-established biocompatibility. This substructure's production involves a blend of copy milling and spark erosion techniques.

The outer layer of aesthetic porcelain that covers the metal core is composed of a low-fusing material. This choice aims to minimize the extent of titanium oxidation that may occur during the firing process.
PROCERA ALL-CERAM:
          This involves a densely sintered alumina core that is highly robust, with a porcelain veneer applied over it. To create this, a die is made from an impression of a prepared tooth and is then scanned. This scan enables the distant fabrication of the densely sintered alumina core, which is subsequently sent back to the original laboratory. Here, the porcelain is layered onto the core to complete the final crown.

The fracture resistance of ceramic restorations depends not only on the inherent strength and toughness of the material itself but also on the overall precision of fitting. This accuracy plays a significant role in determining the restoration's capacity to withstand biting forces.
IPS EMPRESS 2 (INVOCLAR VIVADENT):
           The introduction of hot-pressed leucite-reinforced ceramics aimed to bolster the glossy matrix and impede the propagation of cracks. Within the IPS Empress system, the incorporation of 30-40% crystal content is feasible without compromising the core's aesthetics or the final restoration's appearance.

In the case of IPS Empress 2, a controlled crystallization process of lithium disilicate glass ceramic enables the attainment of 60% crystal content by volume. This increase in crystals does not diminish translucency, as the refractive index of the crystals closely resembles that of the glass matrix. Additionally, the resulting material's strength is reported to be three times that of the original Empress.

IPS Empress 2 employs a lithium disilicate glass ceramic as its foundational framework. Manufacturers state that this material's strength is adequate to endure chewing forces and to support edentulous spans of up to 9 mm in premolar areas and 11 mm in the anterior region. Controlled crystallization gives rise to fluoroapatite crystals that closely resemble those found in natural teeth. This similarity ensures comparable wear compatibility and optical properties. The glass ceramic's fine-grain structure and high crystallinity also diminish the potential for wear on opposing dentition.

Using Empress 2 offers distinct clinical advantages. While a typical axial reduction of 1.5 mm is recommended for metal ceramics, only 1 mm is required for IPS Empress 2.[image: ]
Fig.no.15) Digital Impression & fabrication of prosthesis. 

CAD-CAM COMPUTER AIDED DESIGN/COMPUTER AIDED MACHINE:
           In 1985, the first chairside ceramic inlay produced via a CAD CAM unit, specifically Cerec by Siemens in Germany, was introduced. Since then, various subsequent developments have occurred, including the introduction of a second generation in 1994, followed by Cerec3 in 2000.

Cerec 3 encompasses both an acquisition and a milling unit, allowing for simultaneous design and production of restorations. The software can be enhanced with the Cerec 3 crown module, featuring a tooth library and suitable for crafting posterior restorations and anterior crowns.

An alternate choice is the Cerec 3 Veneer software, tailored for crafting anterior partial crowns and veneers. To expedite the machining process by 3-5 minutes, the Cerec 3 milling unit has been separated from the acquisition unit, with the milling wheel being replaced by a tapered diamond bur.

The design of the milling component has been prepared to accommodate the eventual capability of manufacturing three-unit bridges. Additionally, the Cerec Scan option permits the production of restorations through an indirect approach. This involves casting a conventional model of the preparation and neighboring teeth, followed by scanning it using an integrated laser scanner. Subsequently, the model is exchanged with a ceramic block, and the milling process commences.
SHOULDER PORCELAIN:
	To address the issue of conventional porcelain margins becoming rounded or slumping after firing, manufacturers developed specialized shoulder porcelain. This unique type of porcelain includes aluminous components that fuse at temperatures 30°-80° higher than those of dentin and enamel porcelain.

Benefits:
•	Consistency throughout firing cycles.
•	Enhanced flexural strength compared to traditional porcelain, resulting in greater resistance to margin fractures.
OPALESCENT PORCELAIN:
           Opalescence in dental porcelains is achieved through the presence of trace amounts of oxides with a high refractive index. These oxides are within a size range that corresponds closely to the wavelength of visible light, resulting in a phenomenon of light scattering.
CASTABLE CERAMIC:
           The most extensively documented member within this category is the Dicor System (Trubyte Dentsply), recognized as a micaceous glass ceramic.
The restoration is crafted using the lost wax technique followed by centrifugal casting of heat-treated glass ceramic. In comparison to reinforced conventional porcelain, Dicor results in reduced wear on opposing dentition.
CEROMERS:
	During the process of normal mastication, significant pressure is exerted on opposing dentition. The contact between conventional porcelain and tooth enamel can lead to substantial wear damage.

This is why the delicacy of Ceromer, an abbreviation for CERamia optimized Polymer, becomes essential. The Targis Ceromer System combines the visual appeal and aesthetic capabilities of ceramics with the flexibility in strength and color control characteristic of resin.

This innovative system serves to safeguard against wear on opposing teeth. The Targis ceramic polymer matrix can undergo either heat curing or light curing to create various dental restorations, including crowns, inlays, onlays, and even implant superstructures such as telescopic crowns.

This material can be applied directly over the cast, enabling the construction of necessary restorations like crowns, inlays, onlays, and bridges through heat curing or light curing techniques.
[image: ]
Fig. no.15) CAD machine. 
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Fig.no.16) CAM machine.
4) NON-METAL POST SYSTEMS:
The recent years, non metal alternatives for post system have been introduced. 
(A) COMPOSITES POST SYSTEM.
(B) ALL CERAMIC POST & CORE.

A) COMPOSITE POST SYSTEM.
Composite materials consist of carbon or silica fibers enclosed within a polymer resin matrix. The rationale for employing these materials is rooted in the notion that a post should replicate the physical attributes of dentin in the root. This involves distributing the stresses exerted on the root in an optimal manner to minimize the risk of root fractures.
i.) Carbon fibre Post:
a. Composipost: 
Constructed from 8 mm pre-tensed fibers oriented longitudinally within epoxy resins, these bundles are manufactured on an industrial scale and subsequently shaped through machining. They exhibit a radioopaque quality.
b. Carbonite:
The dimensions (1.2, 1.35, 1.5mm) distinguish them from composiposts in that they consist of fiber bundles with a diameter of 6mm, interwoven within an epoxy matrix. This arrangement results in heightened resistance to bending and torsion when compared to a configuration where fibers run parallel to each other, as seen in composiposts..
c. Mirafit Carbon: Identical to Carbonite.
[image: ]
Fig.no.17) Carbon fiber posts.
ii.) Silica Fibre Post:	Carbon post does not lend them to utilise with all ceramic that alter aesthetics. 
a. Aesthetipost:
 	A core composed of carbon fibers is encircled by longitudinally arranged quartz fibers.
b. Aesthetiplus post:
Comprising exclusively of quartz fibers, this company has introduced a translucent quartz fiber post. This post is specifically designed to allow the utilization of light-curing unit materials for luting purposes.
c. Snow post (l.mm, 1.2mm, 1.4mm):
Constructed with a composition of 60% longitudinally oriented silica zirconium glass fibers embedded within epoxy resins, this material's surface is treated with silane to optimize its bonding capability with resin cements. The post takes on a cylindrical form with a 3° taper at its apex.
d. Light transmitting post:
An introduction of a translucent post aims to enable the utilization of light-cured luting agents, simplifying cement application and allowing for the assessment of post positioning before the cement's solidification.

The initial intention behind employing light-transmitting posts was to address situations where root canals had become overly flared due to factors like caries or excessive endodontic interventions. The objective was to establish a connection between the existing dentin and light-cured composite, thereby reinstating the lost volume and the initial strength of the root.



B) ALL CERAMIC POST AND CORES:

Using metal posts and cores along with all-ceramic restorations for endodontically treated teeth might result in compromised aesthetics due to the partial translucency of ceramics and the opaque metal substructure of the underlying post and core.
Advantages of all-ceramic post and core:
•	The dentin-like shade arises from deeper light diffusion and absorption within the ceramic core mass. In an all-ceramic restoration, a portion of incident light is transmitted to the ceramic core and the supporting post. Consequently, the final restoration's color mirrors an internal shade, similar to the optical behavior of natural teeth.
•	The restoration doesn't exhibit intense reflection through thin gingival tissues, ensuring a crucial level of translucency in cervical root regions.
•	As a metal-free construction, it ensures excellent biocompatibility and is resistant to galvanic corrosion.
Dental ceramic materials used for all-ceramic post and core:
•	Traditional dental ceramics - Their limited fracture strength and fracture toughness pose significant challenges for their broader application in post & core materials.
•	High-toughness ceramics like glass-infiltrated alumina ceramic (In-Ceram)
•	Dense-sintered alumina ceramic Procera exhibits a 3 to 6 times higher flexural strength and fracture toughness compared to conventional feldspathic and glass-ceramics.
•	Zirconium oxide ceramics produced using modern zirconia powder technology are biocompatible ceramics characterized by enhanced mechanical properties (specifically elevated flexural strength and fracture toughness).
Techniques or construction of all-ceramic post- and core with high toughness ceramic materials:
· Slip-casting technique. 		
· Copy-milling technique. 
· Two-piece technique.		
· Heat-press technique.

Slip-casting Technique: Initially outlined by Keru & Knode in 1991, this method underwent slight adjustments to create a unified post and core using alumina ceramic material, specifically In-Ceram.
Characteristics: Notably biocompatible, featuring enhanced flexural strength and precise fit, but cautioned against utilization in narrow canals due to their comparatively diminished fracture toughness. Moreover, the primary constraint of the slip casting technique lies in undetected voids within the slip mass.
Copy-milling Technique: The In-Ceram system has been integrated with the Celay copy-milling approach, offering an alternative to the slip-casting technique. This adaptation results in In-Ceram restorations boasting enhanced flexural strength, measuring approximately 500MPa.
Characteristics: While the flexural strength of In-Ceram restorations created using pre-fabricated Celay ceramic blanks surpasses that of conventional In-Ceram restorations, challenges arise concerning the pre-post adjustment within the Celay copy-milling machine. Furthermore, the apical end of the post is not completely milled and necessitates manual refinement.

Two-piece Technique: Developed as an alternative to In-Ceram post and core systems, which exhibit fracture strength lower than that of metal post and cores and are specifically recommended for wider root canals, a two-piece post and core configuration involves the utilization of a Yttrium oxide - Partially Stabilized Zirconia post (ER-Cerapost, Brasseler) along with an all-ceramic core constructed from alumina or spinel (alumina-magnesia) ceramics. The core is crafted using either the copy-milling or the slip-casting technique.
Characteristics: This promising approach amalgamates the outstanding mechanical attributes of zirconia ceramic posts with the optical characteristics of alumina or spinel cores. These cores can be easily produced using the Celay system. The considerable enhancement in flexural strength (approximately 820MPa) and fracture toughness (around 8 MPa.m1/2) offered by commercially accessible zirconia posts, combined with their application through adhesive luting techniques, substantially minimizes the likelihood of failures. Furthermore, the option to employ smaller zirconia posts (ISO 050, 090) becomes viable for narrower root canals, addressing scenarios where alternative techniques are unsuitable.

Heat-press Technique : An Empress Cosmo glass-ceramic core (Ivoclar) is heat-pressed onto a pre-made zirconium dioxide post (Cosmopost, Ivoclar), resulting in the fusion of both elements into a unified single-piece post and core restoration.
Characteristics: The benefit here lies in the consistency of the all-ceramic post and core, created using a relatively more conventional method. Furthermore, the thermal expansion coefficients of the glass ceramics and zirconia ceramics (9.5 + 0.5 X10 -6 / K & 10.0 + 1.0 X 10-6 / K, respectively) are quite similar. This similarity leads to a corresponding contraction and ensures a well-fitting result following the heat-pressing process.

Other Pre-fabricated All-ceramic post:
1. BIOPOST (Incermed SA, Lausanna, Switzerland)
2. TZP post (Maillefer SA, Ballaigues, Switzerland)
3. Cera post (Komet)
[image: ]
Fig.no.18) All Ceramic Posts. 

ZIROCONIA CERAMICS
Characteristic features: Zirconium oxide (Zr02) ceramics exhibit phase transformation at different temperatures.
•	At ambient temperature, ZrO2 exhibits a monoclinic symmetry.
•	Elevating the temperature to 1000°C – 1100°C induces a transition to a tetragonal phase.
•	Subjecting the material to temperatures exceeding 2000°C causes the matrix to transform into a cubic phase.
These phase changes bring about volume alterations akin to those observed in steel, engendering stress that adversely impacts the physical properties of zirconia. To mitigate these phase transformations, stabilizing agents like CaO, MgO, or Y203 are introduced. While magnesium-stabilized zirconia exhibits good biocompatibility, its micro-porosity results in excessive wear.

Incorporating Yttrium oxide (5.1% Y2O3) into zirconia leads to the formation of Partially Stabilized Zirconia Ceramic (YPSZ), characterized by the creation of 100% small, metastable tetragonal grains. With an average diameter of 0.5μm, these grains contribute to achieving a remarkably fine surface roughness of 0.008μm. Notably, YPSZ demonstrates high fracture resistance (KIC = 9 - 10 MN/ M3/2) due to its energy-absorbing capacity.

When cracks initiate within YPSZ, their propagation triggers a transformation of the metastable tetragonal grain into a monoclinic phase, known as a martensitic-like transformation. As the monoclinic grains are larger than the tetragonal ones, the crack's advancement is impeded, halting further propagation. The substantial concentration of the tetragonal phase at the surface significantly contributes to elevated mechanical strength.
	Flexural strength
	
Zirconia Ceramic (YpsZ) 

	
In-ceram Alumina

	
	1400 N/mm2
	500 N/mm2




YPSZ ceramics are biocompatible materials (commonly used in medicine) radiopaque, and have the ability to transmit light. They exhibit fracture toughness better than alumina ceramics, hence are more suitable for use in the highly loaded oral environment. 

a) CosmopostTM (Ivoclar Vivadent):
A tapered ZrO2 post designed to eliminate the visible gray shade associated with metal or carbon fiber posts, thus ensuring optimal aesthetics, all while delivering impressive flexural strength.
Indications: Especially for IPS Empress® , Targis™ or other metal-free restorations, Cosmopost can be pressed with IPS Empress®  Cosmo Ingot for a one-piece esthetic post and core.

b) Cerapost (Komet, GEBR Brasseler GmbH):
Prefabricated posts made of zirconium di-oxide ceramics.

c) Ceracap (Komet):
Prefabricated glass-ceramic caps used as base for crown build-ups.

d) IPS Empress® Cosmo Ingot:
A glass-ceramic substance that can be directly heat-pressed onto zirconia posts (e.g., Cosmopost). It deviates from IPS Empress glass-ceramic both in terms of composition and having a thermolinear expansion coefficient (TEC) that aligns with zirconia's TEC. The conventional heat pressing technique utilized for IPS Empress is employed for the ingot's pressing onto the post.

This material is accessible as cylindro-conical posts (with diameters of 1.4 & 1.7mm) made from tetragonal zirconia polycrystals (ZrO2 - TZP), stabilized by 3 mol% Y203 (CosmoPost, Ivoclar).
The glass-ceramic ingot developed for the heat-pressing technique (IPS Empress
Cosmo Ingot. Ivoclar) is composed of :

	
By weight 

	
Other additives 

	SiO2 : 58.5%
ZrO2 : 15.5%
P2Os : 4.0%
Li2O : 8.0%
	Na20,
K2O
A12O3
F



	With the exception of SiO2, only synthetic raw materials were employed; feldspar was entirely absent from the glassmelt. Following heat-pressing, the glass-ceramic's microstructure displayed an absence of leucite crystals. The crystalline portion primarily comprised β-Li3PO4 crystals, with diameters ranging from 0.2 to 0.5μm. Additionally, a crystal phase containing ZrO2 emerged, characterized by the presence of Li2ZrSi6O15 crystals (Schweiger M, et al, unpublished data, 1997).

Basic clinical steps in this technique are: 
•	An appropriately sized zirconia post is chosen based on the post space diameter, followed by the creation of an accurate impression.
•	Wax models of the cores are meticulously crafted, sprued, invested, and subsequently pressed.
•	The interior surface of the ceramic core undergoes etching using a 4-5% HF etchant or gel (such as Ceramic Etching Gel, Ivoclar), followed by silanization and bonding (utilizing Panavia 21).
•	Once the definitive preparation for an all-ceramic crown (e.g., IPS Empress crown) is complete, a final impression is generated. Upon its fabrication, bonding is achieved using a dual-cure resin-dentin adhesive.[image: ]
Fig.no.19) Zirconia posts.

5) Advancements in Temporization:

a) CAD ACRYLIC TEMPORARIES (TELIO CAD):

•	Short-term anterior and posterior crowns, designed for wear not exceeding 12 months.
•	Short-term anterior and posterior bridges featuring up to 2 pontics, with a wear period limited to 12 months.
•	Temporary restorations for dental implants.
•	Forms for shaping permanent restorations.
•	Therapeutic restorations aimed at addressing TMJ issues and occlusal adjustments.
[image: ]
Fig.no.20) Telio CAD.

b) REVOTER LC™Light Cured Composite Resin for Temporary Restorations:

•	REVOTEK LC is a novel light-cured composite resin designed for creating temporary inlays, onlays, crowns, veneers, and bridges.

•	The initial package includes a single putty stick of REVOTEK LC, a light-proof storage case, and GC's plastic spatula No. 2. Each REVOTC LC Putty Stick provides sufficient material to craft approximately 30 crowns of an average size.


c) UNIFAST  LC Light Cured Temporary Resin Material:
Unifast LC is an exceptional acrylic resin renowned for facilitating the creation of precise, aesthetically pleasing, and highly functional temporary restorations with ease. The visible light-curing of different stages - slurry, dough-like, rubber-like, and final cure - permits absolute control over working time, granting flexibility to proceed at a preferred pace while ensuring accuracy. Unifast stands as the unparalleled choice for fabricating provisional bridges, crowns, inlays, onlays, splints, and orthodontic plates. It can also be effectively utilized with the brush technique and alongside mylar crown forms.

Unifast LC offers you complete control:
•	Light-cured - Offers full command over working time, enabling partial curing if needed
•	Dense and Non-porous - Withstands wear and staining, devoid of voids
•	Simple to Trim and Refine
•	Available in 5 shades, including translucent option[image: ]
Fig.no.21) UNIFAST LC.
d) Fermit / Fermit N:
Fermit – high elasticity:
Fermit solidifies into a remarkably elastic state upon curing, making it particularly fitting for deep inlay preparations characterized by parallel walls. Additionally, it serves as an effective choice for sealing implant screw holes.Fermit N – low elasticity:
Fermit N delivers enhanced retention due to its reduced elasticity post-curing. As a result, it proves optimal for larger preparations like onlays and extended periods of usage. Fermit N is well-suited for shallow preparations as well as those with divergent walls.
Advantages of Fermit / Fermit N:
•	Single-component material with ductile properties.
•	Simple and efficient application, saving time.
•	Maintains elasticity upon curing.
•	Regulated water absorption.
•	Precise marginal seal.
•	Smooth one-piece removal.[image: ]
Fig.no.22) Fermit.


e) Systemp, c&b:
Systemp, c&b stands as a self-curing composite material designed for crafting top-tier temporary crowns and bridges. Beyond temporary crowns and bridges, it also enables the effortless creation of inlays and onlays. This material is employed for tasks such as shade adjustments, adding character, shaping temporary restorations, and performing repairs.
Advantages:
· Simple to utilize due to the automated mixing system, ensuring precise dispensing and preventing cross-contamination.
· Smooth and high-quality polishing achievable.
· Straightforward for characterization and repairs.
· Available in 5 shades: A1, A2, A3, A3.5.
[image: ]
Fig.no.23) Systemp. c&b II.



f) Protemp™ Crown Temporiastion Material:
The globe's inaugural preformed and adaptable temporary crown.
Protemp™ Crown Temporization Material by 3M ESPE represents the first-of-its-kind self-supporting, light-curable composite crown designed for single-unit application.
This groundbreaking and time-efficient approach can potentially enhance your productivity levels.
Advantages:
•	Straightforward application.
•	Considerable time-saving benefits.
•	High durability.
•	Authentic and lifelike esthetics.
•	Tailored fit.
•	Extremely minimal oxygen inhibited layer.
[image: ]
Fig.no.24) Protemp.


g) GC TEMP ADVANTAGE® Temporary Cement:

•	GC TEMP ADVANTAGE, a zinc oxide temporary cement free of eugenol, incorporates fluoride, potassium nitrates, and chlorhexidine. Its purpose is to secure provisional restorations for about 30 days, ensuring a strong seal and reduced patient sensitivity.

•	Offering a working time of two minutes and self-curing within two minutes, GC Temp Advantage employs a paste-paste automix syringe delivery system. Its user-friendliness results in minimal wastage. The cement's smooth consistency, thin film thickness, and quality simplify restoration placement and cleanup.

•	This temporary cement is devoid of eugenol and based on zinc oxide.

•	It delivers an exceptional seal while keeping sensitivity levels low.
[image: ]
Fig.no.25) GC TEMP Advantage.


h) Systemp. Link:
Systemp. Link represents a dual-curing luting composite designed for aesthetically pleasing temporary cementation of provisional crowns, bridges, inlays, onlays, and veneers.

Offered in transparent and A3 shades, Systemp Link is especially well-suited for integrating temporary restorations within the anterior region. Both versions possess translucency, rendering them nearly imperceptible, aligning with the notion that temporaries should mirror the appearance of permanent restorations.
Advantages:
· The material is translucent and aesthetically pleasing, giving it a natural look.
· It has optimal retention properties, ensuring that the crown stays in place.
· It has high compressive strength and Shore D hardness, making it durable and resistant to wear.
· It has a quick setting time, making it easy to use.
· It is eugenol-free, making it safe for use with subsequent adhesion cementation techniques.
· It is easy to work with, thanks to the convenient double-push syringe.
· It is compatible with conventional temporary materials.



6) Advancements – Gingival Retraction Techniques:

a) Lasers for gingival retraction:
Advantage:
· Bloodless, painless incision.
· Controlled tissue removal.
· Rapid Healing.

Disadvantage:
· Slow technique.
· Expensive.

[image: ]
Fig.no.26) Gingival retraction using Laser.





b) EXPASYL Gingival retraction paste:

· Expasyl is a product that has been developed to address the difficulties of traditional gingival retraction methods. It is a time-saving and comfortable option for both dentists and patients.
· Expasyl uses a combination of mechanical and chemical components to achieve sulcus opening and hemostasis. The mechanical component is kaolin, a white clay that helps to create a paste that can be easily injected into the sulcus. The chemical component is aluminum chloride, which helps to stop bleeding.
· Expasyl is indicated for any procedure that requires sulcus opening or hemostasis. This includes taking impressions, restoring cavities, and bonding or cementing restorations.
· The Expasyl paste is injected into the sulcus and exerts a stable, non-damaging pressure of 0.1N/nm. This pressure is sufficient to open the sulcus by 0.5mm in two minutes.
· It is important to note that the biologic width is approximately 3mm. This means that Expasyl should not be used to open the sulcus beyond 3mm, as this could damage the underlying tissues.

[image: ]
Fig.no.27) Gingival retraction using Expasyl.
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Fig.no.28) Expasyl Kit.	

c) Stayput:
Stayput is a type of retraction cord that combines the advantages of a braided cord with the adaptability of a fine metal filament.The pliable core of the Stayput cord makes it easy to place in the sulcus and it stays there without slipping out.This makes Stayput a convenient and effective option for gingival retraction.
[image: ]
Fig.no.29) Stayput.



d) Magic Foamcord:
a. Magic Foam Cord is a new type of gingival retraction material that is designed to be easier and faster to use than traditional retraction cords.
b. It is made of a soft, expanding polyvinyl siloxane (PVS) material that can be easily placed into the sulcus without the need for packing.
c. Once in place, the Magic Foam Cord expands to create a space between the gingival tissue and the tooth, which allows for easier and more accurate placement of dental impressions.
e) Magic Foam Cord is a non-traumatic and time-saving alternative to traditional retraction cords, making it a valuable tool for dentists.
[image: ]
Fig.no.30) Magic Foamcord.

f) Comprecord:
Comprecord is a retraction cord that is made of polyester and polyamide yarns.The air texturizing process gives Comprecord outstanding absorbency and a pliable structure.This allows Comprecord to adapt easily to the sulcus without fraying or shedding fibers.
[image: ]
Fig.no.31) Comprecord.



g) Matrix Impression Technique:
A putty impression is created, with trimmed interdental areas. The putty impression is extracted from the tray, and then a medium body impression material is applied within the mold. This mixture is used to form an impression. Subsequently, this impression is captured using bite registration material or a medium consistency impression substance.
7) LASER USE IN FIXED PROSTHESIS:

•	Precise management of the oral environment at the operative site is crucial.

•	Often, situations arise where adjustments to gingival tissues are necessary due to inflammation in the area, previous subgingival restorations, or underlying subgingival decay.

•	Placing the finishing line close to the epithelial attachment presents a challenge in retracting the gingiva without causing detachment, harming the periodontal ligament, and resulting in uncontrolled bleeding.

•	Persistent bleeding in the gingival sulcus can hinder the process of creating an impression.

•	In such scenarios, employing SULCULAR LASER GINGIVOPLASTY proves beneficial in establishing a new and healthier gingival sulcus. This approach helps manage bleeding, eliminates a controlled amount of epithelial attachment and periodontal ligament, and facilitates the application of a retraction cord.

•	Laser sulcular gingivoplasty optimizes impression techniques and reduces the likelihood of gingival recession.








8) Chair Side Pre Fabricated Fibre Reinforced Resin Composite Fixed Partial Denture:

The introduction of pre-impregnated fiber-reinforced resin composite has presented the field of dentistry with an opportunity to craft and deliver tooth replacements that are adhesive, aesthetically pleasing, and devoid of metal.

The incorporation of pre-impregnated fiber-reinforced composite (FRC) has introduced an additional avenue for creating fixed partial dentures (FPDs) chairside.

Indications of this FRC FPD:
1. Swift replacement of a lost tooth due to trauma.
2. Replacement of an anterior tooth following a failed endodontic procedure.
3. Serving as a fixed space maintainer post orthodontic treatment.
4. Preparation before loading implants.

The wings of the FRC FPD consist of a layer of unidirectional FRC enclosed between two woven strips of fiber-reinforced composite.

Three unpolymerized FRC wings are shielded with a delicate foil covering to prevent any contamination or premature polymerization. The model mimicking the edentulous area is fashioned using an alginate impression.

Preliminary steps involve positioning the prefabricated FPD on the model, adjusting the wings to align with the abutments, establishing retentive locks in the proximal areas, and crafting an intraoral putty positioning guide.

The preassembled FRC FPD is then carried to its designated position using an incisal intraoral positioning matrix. The unpolymerized particulate resin composite is subsequently cured, securing the FPD in place.















9) OTHER RECENT ADVANCES:

a) The 3M ESPE Lava™ Chairside Oral Scanner C.O.S. is used to capture high- accuracy digital images of teeth. Data from the scan are used to create an articulated stereolithography (SLA) model that a dental laboratory can use to fabricate restorations such as crowns, inlays, onlays and bridges. The data can also be used for designing and fabrication of zirconia coping.

b) LUMINEERS® BY CIRCINATE® is a porcelain veneers that offer the painless way to permanently whiter and perfectly aligned smile. Dentist can apply these contact lens-thin “smile shapers” to teeth without much grinding or shaving, transforming teeth into a naturally beautiful smile that looks perfect for every individual.
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Fig.no.32) Lumineers.












Advancements in Removable Partial Dentures.
1) TITANIUM REMOVABLE PARTIAL DENTURE CLASP:
Despite some instances of casting defects, the flexibility and durable retentive capabilities of clasps indicate that titanium and its alloys are appropriate for Removable Partial Dentures, particularly in cases involving deep undercuts.

Titanium exhibits a lower modulus of elasticity compared to Cobalt Chromium (Co-Cr), which enhances its ability to endure stress. This characteristic allows for their effective placement in areas with significant undercuts.

In instances where a 0.75mm undercut is present, Ti-6AL-4V clasps displayed minimal work hardening and permanent deformation. The retention of these clasps experienced only marginal changes over years of clinical use, demonstrating consistency.

Scanning Electron Microscope (SEM) analysis of cross sections of Ti-6AL-4V clasps revealed that any cracking was confined to the surface layer. Consequently, the risk of causing lasting deformation is low.
[image: ]
Fig.no.33) Ti-6AL-4V clasp.

2) Optical Surveying of Cast for Removable Partial Denture:
[image: ]

Surveyors play a crucial role in establishing the path of insertion for Removable Partial Dentures (RPDs). Essentially, a surveyor comprises a movable platform upon which a cast is positioned and tilted in various directions relative to a vertical red marking.

By adopting this setup, the marker remains consistently parallel to its prior position while transitioning across different parts of the cast. Alternatively, the same principle can be applied using parallel light beams instead of a vertical rod. In a dimly lit environment, the cast is positioned on a mobile table and examined using parallel light beams. The boundary between the illuminated and shadowed areas forms the survey line.

Both the traditional lead marker survey line and the one formed by light beams share the same geometric location. Once the most favorable path of insertion is determined to design the RPD, the surveyor's table is locked in position, and the survey lines are demarcated using a lead marker.
Advantages:
· Change of survey lines and undercuts can be easily inspected for different position of the cast.
· Slight undercut that cannot be measured by lead marker can be observed by optical surveying.
[image: ]
Fig.no.34) Optical Surveyor.
3) Acetal Resin Clasp:
You can now offer your patients the perfect fusion of benefits. Acetal Resin Clasps, formulated from a high-strength thermoplastic techno polymer, boast a crystalline structure devoid of monomers.
These clasps find versatility in various applications, from serving as aesthetic clasps on cast partial frameworks, removable bridges, space maintainers, temporary bridges, splints, to tooth-colored clasps. The integration of Acetal Clasps with a metal framework grants your patients the time-tested durability of a cast metal framework coupled with the remarkable resilience and aesthetic appeal of tooth-colored clasps.
For individuals who prioritize aesthetics, existing cast metal frames can be upgraded with Acetal clasps. These clasps remain steadfast in color, resisting staining and plaque accumulation, while also ensuring biocompatibility. The preparation process for Acetal clasps mirrors that of conventional cast metal clasps.
To facilitate adjustments, fine carbide tools or blue points can be employed, followed by regular pumice for polishing. Moreover, a range of clasp shades, including clear options, have been meticulously calibrated to correspond with the 16-Shade Vita Shade Guide.
[image: ][image: ]
Fig.no.35) Acetal Resin Clasps.



4) Laser Sintered RPD (Lasermet RPD): 
The cutting-edge and economical approach to crafting top-notch partial dentures is here. The innovative Lasermet RPD introduces an exclusive laser design and finishing technique, ensuring an accurate fit that requires minimal chairside modifications.

Furthermore, the compact and lightweight frame boasts polished, refined surfaces that elevate patient comfort and, consequently, elevate patient satisfaction.
[image: ]
Fig.no.36) Laser sintered Removable Partial Denture.

5) Computer-aided design and rapid prototyping fabrication of removable partial denture framework:

A patient's plaster cast underwent digital scanning using an optical scanner. The obtained surface data were imported into three-dimensional (3-D) software. Within this software, the data underwent preprocessing, enabling the design of each component of the RPD framework while referencing the digitally scanned model.
Following a Boolean operation, the digital framework model was generated, and the resulting data were saved in standard triangulation language (STL) format. This format facilitated the creation of a sacrificial framework pattern using rapid prototyping (RP) technology.
Subsequently, the casting mold approach was employed, utilizing a chromium-cobalt alloy. This method led to the production of an RPD framework entity in accordance with the established pattern.[image: ]
Fig.no.37) CAD/CAM fabrication of Removable partial denture framework.


	













Advancements in Maxillo-facial Prosthesis
1) CAD/CAM Technology In Maxillo-Facial Prosthodontics:
The adage 'a picture is worth a thousand words' has been reimagined by users of stereolithography to convey the idea that 'a single tangible prototype holds the value of a thousand images.' 

Stereolithography is a rapid prototyping technique that generates tangible models by selectively solidifying a UV-sensitive liquid resin using a laser beam.
STEREOLITHOGRAPHY PROCESS:
A software segment dissects a CAD model into thin layers, typically around five to ten layers per millimeter. The 3D printer employs a laser to "paint" a single layer by exposing and solidifying liquid plastic within a tank. This procedure commences with the solidification of the object's outer borders, followed by its internal components.

As the polymerization of one layer concludes, the platform descends slightly into the resin-filled tank. Subsequently, the laser undertakes the depiction of the subsequent layer. This cycle persists, as the solidified layer becomes coated with a fresh liquid layer, enabling the drawing process to continue. The process of lowering the platform and curing the resin is iterated until the entire model is fashioned.

The inherent adhesive quality of the material encourages layer bonding, eventually culminating in the creation of a comprehensive 3D object. The finalized model is then extracted and subjected to additional curing within a UV cabinet for a designated duration.
[image: ]
Fig.no.38) CAD aided fabrication of prosthesis.
Advantages:
•	Depict intricate anatomical structures with exceptional precision and accuracy.
•	Prepare the models for intraoperative sterilization.
•	Enhance outcomes after surgery.
•	Minimize risks and expedite the treatment timeline.
Indications  based on maxillofacial planning:
•	Application in craniofacial surgery for planning incisions and surgical resections.
•	Utilization in tumor surgery.
•	Relevance in traumatology.
•	Integration in orthognathic surgery.
[image: ]
Fig.no.39) Mechanism of Stereolithography.
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Fig.no.40) Stereolithography Machine. 
2) LASER SINTERING:

The majority of CAD/CAM frameworks are commonly crafted from ceramic materials, often zirconia. In situations where cost is a primary consideration, Direct Metal Laser Sintering (DMLS) can serve as a substitute for the zirconia machining process, producing metal-based alternatives. This advanced technique, occasionally referred to as '3D printing,' constructs each framework by layering successive thin strata (each about 0.20mm thick).

In this process, a high-intensity laser beam is precisely targeted onto a layer of powdered metal, typically medical-grade CoCr. This focal point causes the metal particles to fuse and solidify into a coherent layer. Subsequently, a new layer of powder is added, and the next section of the framework is created and fused with the preceding layer. After the completion of each layer, the fully formed copings and bridge frameworks are extracted from the machine. These items are then subjected to sandblasting, polishing, thorough inspection, and ultrasonic cleaning.

Considering the machine's capability to produce multiple units concurrently, the cost per unit is relatively economical. Furthermore, the remaining, unused powder is meticulously filtered and repurposed for the subsequent batch, minimizing wastage and contributing to cost-efficiency.   
  Advantages:
•	Empowered by an automated scanning procedure and robust CAD software, customization extends to metal-free thickness and pontic designs as well.

•	Through computer-screen segmentation, designs can be evaluated for strength before advancing to the manufacturing phase.

•	Laser sintering, a precision-controlled process, guarantees consistent structural integrity of frameworks.

•	By sidestepping manual casting processes, the likelihood of introducing inclusions or defects is eradicated.

•	The conventional cooling-related distortion observed in multi-unit cast frameworks is mitigated by the more uniform outcomes achievable through the DMLS technique, resulting in enhanced marginal fit.

•	Transitioning to Laser PFMTM enables the elimination of messy procedures from the laboratory setting, freeing up space and resources for more intricate ceramic work.

•	The delivery mechanism for powdered material mirrors the function of the build cylinder. In this process, an incremental upward movement of a piston dispenses a measured quantity of powder for each layer.

•	Subsequently, a laser beam traces over the densely compacted powder surface, selectively melting and bonding it to shape a layer of the object.

•	Maintaining the fabrication chamber temperature slightly below the powder's melting point enables the laser's heat to swiftly induce sintering, substantially expediting the process. This cycle repeats until the complete object is fabricated.


3) Materials In Maxillo-Facial Prosthodontics:

a) MPDS -- Silicone Block Copolymers
 (Methacryloxy propyl-terminated poly dimethyl siloxane):

· It is introduced to improve some of the drawbacks of silicone elastomers, such as decreased tear strength, low percent elongation & bacterial growth over prosthesis.
· Methacrylate - reduces the hydrophobicity & enhances the adhesive bond strength to non-silicone-based adhesives. 

[image: ]
Fig.no.41) Polymers of Methacryloxy propyl-terminated poly dimethyl      siloxane.

[image: ]
Fig.no.42) Co-polymers of Methacryloxy propyl-terminated ploy dimethyl siloxane.



b) SILPHENYLENES:

Arylene silicone polymer - synthesized & formulated as a pourable, viscous, RTV liquid. Transparent, Reinforced with silica fillers.
Advantages:
•	Presenting an uncommon blend of elevated tensile strength and diminished elasticity modules (in contrast to conventional RTV silicones), alongside heightened edge durability, and superior color vibrancy.

•	Showcasing a unique amalgamation of elevated tensile strength and decreased modulous (compared to standard RTV silicones), along with enhanced edge resilience and exceptional color vibrancy.

•	Elevated edge strength has been enhanced.

•	Demonstrating exceptional coloration attributes.

•	Boasting a tactile resemblance to skin.

c) POLYPHOSPHAZENES:

•	An innovative Fluoro Elastomer, formulated as a flexible denture liner known as NovusTM by Hygienic Corp.

•	Promising versatility for potential application in maxillofacial prosthetics.
d) MDX 4 – 4210:

•	A silicone polymer for vulcanization at low temperatures.

•	Comes in a two-component kit.

•	Distinctive for its less dense composition, employing chloroplatinic acid as a catalyst and hydro-methyl siloxane for cross-linking.

•	Of particular significance is its remarkable tear strength, surpassing that of conventional RTV silicones.

•	The material permits the creation of delicately thin edges in prosthetics, reducing the risk of wear and damage during removal.

•	Rigorous accelerated aging assessments affirm the exceptional color stability of this elastomer.
[image: ]
Fig.no.43) MDX4-4210.



4) ADVANCES IN EAR PROSTHESIS:

The Baha System: 
Osseointegrated implants offer an additional advantage, particularly in relation to retaining bone-conducting hearing aids. An alternative hearing device called the Baha, produced and distributed by Cochlear Corporation, serves as an option for individuals who are unable to use conventional hearing instruments.

This device is particularly suitable for patients facing medically untreatable conductive hearing losses, such as bilateral atresia or chronic middle ear issues. Additionally, the FDA has recently sanctioned the utilization of the Baha as an alternative to CROS hearing aids for patients with unilateral sensorineural hearing loss.

Traditionally, bone conduction hearing aids have been suggested for specific patients with particular causes of hearing loss, as mentioned earlier. However, patients often report discomfort and inconvenience with traditional systems, which historically included a body-worn device coupled to a bone oscillator held in place by a headband.

This headband necessitates considerable pressure for transmitting sound through the skin to the skull and inner ears. Moreover, even with proper fitting, high-frequency sound tends to be attenuated as it passes through the skin. In contrast, the surgically-implanted Baha, equipped with a detachable external sound processor, addresses these concerns effectively.

For patients dealing with unilateral sensorineural hearing loss, the Baha is positioned on the side with the hearing impairment. The microphone captures sound from the affected ear and transmits it to the unaffected ear through bone conduction. Previously, the "transcranial CROS" approach was used for this type of hearing loss, involving a power hearing aid worn deep in the canal on the impaired side, with amplified sound transmitted via bone conduction to the unaffected ear.

Notably, the surgically implanted Baha doesn't encounter the issue of interaural attenuation. This phenomenon is only relevant when sound is delivered via air conduction, which is not the case with a surgically implanted bone conduction device.

The Baha boasts several advantages over traditional bone conduction hearing aid setups. Firstly, it has been demonstrated to offer superior hearing improvement. In a comparison conducted by Tjellstrom and Jakansson, the Baha outperformed conventional bone conduction hearing aids, displaying better word discrimination both in quiet environments and amidst noise. Secondly, it offers heightened comfort as it eliminates the need for a headband or additional body-worn components.

The contact point, a small abutment, is positioned in the mastoid bone region just above the hairline. This placement allows the device to remain completely concealed by medium to long hair, rendering it more inconspicuous than traditional headband-based bone conduction and/or CROS systems.[image: ]
Fig.no.44) Baha System.
5) ADVANCES IN EYE PROSTHESIS:

Scientists affiliated with the Boston Retinal Implant Project have been diligently crafting a bionic eye implant aimed at potentially restoring vision to individuals grappling with age-related blindness.

This implant revolves around a compact chip that is meticulously placed through surgery behind the retina, situated at the rear of the eyeball. An ultra-slim wire functions to fortify the compromised optic nerve, with the primary role of transmitting light and visual data to the brain's visual processing system. While the implanted chip and wire are internal components, a significant portion of the device remains situated externally to the eye.

Incorporating this technology entails the utilization of specialized eyeglasses equipped with a battery-powered camera and a transmitter. These elements collaborate to dispatch images to the chip nestled behind the retina. Notably, the novel device is anticipated to exhibit robustness, as the chip is encased in a Titanium enclosure, rendering it impervious to both water and corrosion. The researchers anticipate that this device will maintain functionality within the eye for a minimum span of 10 years.
[image: ]
Fig.no.45) Bionic Eye.





6) A Titanium And Visible Light Polymerized Resin Obturator
Patients who have undergone partial maxillectomy due to neoplastic conditions encompass a diverse group requiring tailored rehabilitation protocols. The selection of the most suitable approach hinges on various factors, including the presence or absence of natural teeth, the extent of the resection, and the degree of soft tissue loss, all of which significantly influence prosthesis design.

When natural teeth are available as abutments, the preferred solution often involves a metal framework, commonly composed of (Co-Cr). Nevertheless, commercially pure titanium has gained prominence over the past decade, weighing approximately 40% less than (Co-Cr) frameworks. Strategies to decrease the weight of these components have explored alternative materials. Given that the tissues surrounding the defect undergo swift changes post-surgery and during or after radiotherapy, frequent adjustments are essential.

The application of visible light polymerized Resin (VLP) not only contributes to weight reduction but also enhances oral hygiene. These resins showcase notably lower porosity compared to conventional autopolymerized materials.
Advantages: 	
· Decrease weight.
· Increase facilities in fabrication.
· Increase facilities in adjustment.

Advancements in Implant Dentistry

1) IMPLANT SURFACE TREATMENTS:

Implant biomimetic agents – Biometric agents – it is an agent / material able to replicate or imitate a body structure (anatomy) and/or function (physiology).


Implant biometric agents-requirements:
•	Potential to stimulate the differentiation of specific cells, thereby promoting improved new bone growth.

•	Straightforward synthesis or production methods circumvent the need for allograft extraction, thus mitigating the potential transmission of infectious diseases.

•	Responsive resorbability in the face of osteogenic activity mitigates concerns about implant loss due to coating delamination.

•	Devoid of provoking an immune response.

•	Maintains chemical stability until the implant's placement.

•	Presents a favorable cost-effectiveness ratio.


Classification:
· Bioceramics :
· Hydroxyapatite
· Calcium phosphate phase
· Bioactive proteins :
· Bone morphogenic proteins
· Type 1 collagen
· Growth factors 
· RGD peptide sequence
· Ions :
· Fluoride
· Polymers : 
· Chitosan

Following are the manufacturers/Researchers and their advancements in Surface Treatment of Implants:

a) Straumann:
(SLA active New Hydrophilic Implant Surface Treatment)
	Straumann has introduced an advancement to their SLA implant surface, namely SLA active. While grounded in the scientifically validated SLA surface topography, SLA active boasts a substantially enhanced surface chemistry. This superior conditioning leads to the emergence of a chemically active and hydrophilic SLA active surface, which significantly bolsters the process of osseointegration.

The clinical challenge:
A majority of implant failures tend to manifest within the crucial initial period of weeks 2 to 4. This timeframe marks the pivotal "dip" in stability, known as the stability dip, observed during the transition between primary and secondary stability in the bone formation process. This trend, coupled with the demand for heightened assurance and augmented predictability in early-stage treatment, drove the creation of SLActive®. The primary objective was to amplify treatment predictability and provide heightened security for both clinicians and patients.

The innovation:
 	Striving to unlock the complete potential for healing, the research team dedicated their efforts to comprehending the biological intricacies of the healing process during the initial phase of up to four weeks following implant insertion. The central aim of this research and development endeavor was to achieve the full and immediate activation of the inherent healing capabilities within the human body.

This pursuit has led to the introduction of the groundbreaking SLActive® surface. Derived from a scientifically substantiated SLA® topography, SLActive® encompasses a substantially improved surface chemistry. The chemically active and hydrophilic nature of the SLActive® surface facilitates the initial healing response, enabling direct interaction with cells during the nascent phase of the osseointegration process. This triggers an immediate commencement of bone formation, ultimately leading to accelerated secondary stability and consequently mitigating the critical stability dip.
The next generation in implant technology:
Ever since the inaugural study conducted in 1994, the macro- and microstructured osseoconductive SLA® surface has evolved into the prevailing norm for dental implant surfaces within the industry. With the introduction of the innovative chemically active and hydrophilic SLActive® surface, Straumann has successfully set a fresh benchmark in oral implantology, leading to a further reduction in healing durations to a range of 3 to 4 weeks.
The patient’s benefit:
Measurements conducted in a comparative manner, two weeks subsequent to implant placement employing SLActive®, elucidate that the bone-to-implant contact achieved was 60% greater in comparison to SLA® (d. Buser et al. 2004). This substantial enhancement in implant stability during the pivotal treatment phase, spanning weeks 2 to 4, consequently introduces novel treatment avenues, while concurrently enhancing treatment reliability and foreseeability to address the complexities encountered in routine practice.
b)  Straumann:
(Biofunctional Imlpant Coating)
Their modified sandblasted and acid-etched (SLA) surface is enveloped by a polymer modified with Arg-Gly-Asp (RGD) peptides (PLL-g-PEG/PEG-RGD).

As demonstrated in a study conducted by Danny Buster, implants coated with RGD exhibited notably elevated percentages of bone-to-implant contact compared to controls within a 2-week timeframe. The suggested mechanism lies in the attachment of RGD peptides that are oriented towards integrin receptors present on the PEGylated surface. This attachment promotes the adhesion of mesenchymal cell origin, such as osteoblasts, onto the implant's surface.

A technique for modifying the surface of a material designed for interaction with human or non-human animal tissue to impart biofunctional, bioactive, or biomimetic characteristics involves:

(i) Exposing the surface to a solution containing an ethylenically unsaturated monomer or a mixture thereof capable of undergoing gamma irradiation or electron beam induced polymerization. This solution also includes at least one biofunctional agent.

(ii) Subjecting the surface to gamma or electron beam irradiation in the presence of the solution. This process results in the creation of a graft polymerized coating on the surface. This coating encompasses molecules of the aforementioned biofunctional agent, either physically entrapped or chemically bonded. These molecules bestow biofunctional or biomimetic attributes upon the surface.
Wherein the gamma or electron beam irradiation induced polymerization is conducted fewer than one of the following conditions:
A.
(i) The concentration of the monomer within the solution falls within the spectrum of approximately 0.1% to around 50%, based on weight.
(ii) The overall gamma or electron beam dosage ranges from about 0.001 to just below approximately 0.50 Mrad.
(iii) The gamma dose rate varies from roughly 10 to about 2,500 rads/min, or alternatively, the electron beam dose rate falls within the span of approximately 10 to around 108 rads/min.;
B.
(i) Hydrophilic monomer(s) are grafted under circumstances that may encompass pre-soaking the monomer or employing plasma gamma surface modification, particularly for metal or glass substrates in the latter scenario.

(ii) The process involves the graft polymerization of monomer(s) with bioactive or biofunctional molecules, utilizing the substrate established in (i).;


C.
c) (i) The Hydrograft™ process, as outlined in either A or B, is subsequently pursued by a dehydration step, accompanied by the adsorption of bioactive or biofunctional molecules into the hydrophilic polymer graft.
d) (ii) Importantly, the inherent biological characteristics of the biofunctional agent are retained to a significant extent.
e)  Straumann:
(Mussel-Based Implant Adhesive Coating)
Through the course of evolution, mussels have evolved a unique adhesive that exclusively functions underwater, while also exhibiting exceptional durability and resilience. This robust bonding agent's effectiveness stems from a specific protein.

Current dental practice involves anchoring tooth implants within the jawbone without the use of an adhesive. Unfortunately, this often results in gaps between the metal and the gums, enabling the ingress of bacteria and leading to infections. A potent adhesive capable of securely connecting the gums to the implant would serve as an effective barrier against aggressive pathogens. Nevertheless, conventional products are ill-suited for this purpose due to their eventual dissolution in the moisture-rich oral environment.

Utilizing this substance in medical contexts necessitates an additional component: a growth protein. This growth protein can also be synthetically manufactured through the established technique of solid-phase peptide synthesis. Its primary function lies in stimulating cellular growth, facilitating the close and robust bonding of the body's own tissue—specifically, the gums—with the implant.
f) Universite de Montreal:
(Intelligent Metal Surfaces direct Osteoblast Cell Activity)
Researchers at the Université de Montréal have undertaken modifications to metal surfaces, particularly titanium, resulting in a sponge-like configuration of nano pits. This alteration has led to an augmentation in bone cell growth, a reduction in unwanted cell proliferation, and the activation of stem cells, in contrast to untreated smooth surfaces. Furthermore, the expression of genes crucial for cell adhesion and growth exhibited an upswing when in contact with these nanoporous surfaces.

An alternate chemical approach to surface modification of metals is rooted in the observation that etching with a blend of potent acids and oxidants can yield nanotopography. Combinations of sulfuric acid (H2SO4) and hydrogen peroxide (H2O2) have demonstrated consistent generation of networks of nanometer-sized pits, approximately 20nm in diameter, on both Ti and the Ti6Al4V alloy.

The resultant surface characteristics, encompassing surface morphology, wettability, nanoroughness, and the thickness of the TiO2 overlayer, can be fine-tuned by adjusting the duration of exposure to the etching solution. Additionally, manipulation of the density of OH groups on the surface, believed to exert influence over cellular activity, is achievable. Diverging from other methods detailed thus far for structuring surfaces, this chemical treatment of titanium and its alloys yields surfaces that elicit distinctive effects on various cell types.

Notably, these surfaces have the capacity to stimulate the expression of genes associated with bone formation and the functionality of osteoblastic cells, while concurrently inhibiting the activities of fibroblastic cells. These distinct and disparate effects play a pivotal role in comprehending the fundamental elements governing specific cellular responses, as well as in designing dental and orthopedic implants with surfaces optimized for bone formation while curtailing detrimental fibrous encapsulation.
Brown University:
(Caarbon Nanotubes)
Engineers from Brown University have demonstrated that nanosurfaces composed of both zinc and titanium oxide can effectively diminish bacterial presence. The nanostructured discs displayed minute bumps measuring merely 0.023 microns in diameter, while the microstructured discs featured larger bumps, measuring approximately 5 microns in diameter. Notably, the microstructured zinc oxide discs harbored a staggering 1000 times more bacteria compared to their nanostructured zinc oxide counterparts. Similar, albeit less dramatic, outcomes were replicated on titanium oxide discs.

The engineers' underlying hypothesis posits that the nanostructured surfaces they developed led to a 25 to 35 percent augmentation in surface area. This additional surface area, combined with the distinctive surface characteristics of these nanomaterials, seemingly facilitates enhanced adherence of bone-forming cells. Conversely, when it comes to bacteria, the amplified surface area might yield contrasting effects by exposing the microbes to more of the germ-fighting attributes inherent to zinc oxide.  
g) Bicon:
(NanoTite – HA  splutter coated titanium surface)
Bicon has introduced a novel surface treatment technique known as NanoTite™. This method employs a high-energy ion beam source that directs ions towards the surface of a target previously treated with hydroxyapatite (HA). The impact of these high-energy ions dislodges the HA from the target/substrate, resulting in the formation of a molecular cloud. The molecules from this cloud then bond with the surface of the Bicon Ti6Al-4V ELI implant.

This innovative process, referred to as High-Energy Sputter Deposition, harnesses Ion-Beam Assisted Deposition to enhance integration with the implant process. Through the Ion-Beam Assisted Deposition process, the titanium alloy undergoes modification, incorporating a thin layer (less than 1 micrometer) of amorphous calcium phosphate compound featuring chemistry and physical properties akin to hydroxyapatite. This alteration serves to bolster bone integration..    
h) Osteohealth:
GEM 21S – Recombinant human platelet derived growth factor (rhPGDF-BB)
Osteohealth's GEM 21S introduces a wound healing and bone regeneration technology referred to as Growth Factor Enhanced Matrix (GEM). This advanced technology, which combines a concentrated solution of pure recombinant human platelet-derived growth factor (rhPGDF-BB) – the synthetic equivalent of the body's natural wound healing stimulator PDGF-BB – and an osteoconductive (bone scaffold) matrix, has recently become available for clinical application.

This remarkable graft material marks the first purified, recombinant (synthetic) growth factor product available. Findings from studies involving this graft material highlight its remarkable capability to simultaneously facilitate wound healing, stimulate bone regeneration, and expedite the gain of gingival attachment, even in complex periodontal and periimplant defects.
i) Biomet/3i:
(Nanotite Implant)
Biomet/3i has introduced their enhanced surface innovation known as Nanotite. This upgraded surface builds upon their previous Osseotite surface by incorporating a discreet crystalline deposition of Calcium Phosphate (CaP), leading to a more intricate surface topography.

According to their assertions, the inherent biological advantages of CaP could significantly contribute to an improved response at implant sites, potentially enhancing clinical predictability and overall outcomes.
j) Densply Friadent:
(BioPore Sructuring)
Dentsply Friadent has unveiled their latest implant surface advancement, showcasing the BioPore Structuring technique achieved through thermal etching. The unique aspect of this innovation lies in the specific etching acid employed, which creates an optimal surface in terms of physical, chemical, and biological attributes. This surface is tailored to effectively attract osteoblasts to interact with the implant surface.
k) Nobel Biocare:
(Ti-Unite to feature BMP-2 coating)
Nobel Biocare asserts that TiUnite® is poised to establish a strong basis for the forthcoming generation of dental implants, potentially revolutionizing the need for grafting and membrane usage. Currently undergoing clinical testing, Nobel Biocare is developing an implant designed to stimulate its own bone formation.

This implant will be enriched with bone morphogenic protein rhBMP-2, a synthetic version of a naturally occurring human protein. They further suggest that this innovation will substantially reshape the scope of dental implant applications. Patients who are currently ineligible for implants may now find treatment possibilities accessible
l) .Canadian Researchers at the NRC Industrial Material Institute (NRS-IMI) in Boucherville, Quebec:
(Titanium Foam-New Implant Surface)
A team of Canadian researchers from the NRC Industrial Material Institute (NRS-IMI) located in Boucherville, Quebec, has successfully developed a porous titanium foam implant that closely mimics the characteristics of bone. This innovative titanium foam is crafted through a process involving the combination of titanium powder with a polymer, followed by the introduction of foaming agents that expand the polymer upon heating.

Subsequently, a high-temperature heat treatment eliminates the polymer while consolidating the titanium particles, thereby bestowing the porous structure with mechanical robustness. While porous titanium had been employed in orthopedic applications, its utilization in dental implants had not been explored until now, despite its highly suitable attributes for such purposes.

Louis-Philippe Lefebvre, a specialist in powder metallurgy at NRC-IMI, elaborates, "The textured surface generates friction between the implant and bone, and additionally facilitates bone growth within the pores, thereby enhancing the implant's stability." This innovation has the potential to render dental implants less invasive, among other potential advantages.
Lefebvre explained that in difficult cases, implantation requires bone graft. He said: ‘With better friction, you can insert smaller implants into less bone so patients may not need bone graft surgery.’

m) Thommen Medical:
(New Implant Packaging APLIQUIQ)
Thommen Medical, a Swiss implant manufacturer, has recently introduced an innovative packaging system for their implants. This system enables convenient chair-side surface conditioning of the implants. The provided applicator offers a swift and user-friendly method for this surface conditioning procedure. Within seconds, the applicator applies a conditioning agent to the implant surface, resulting in hydroxylation and the creation of a super hydrophilic INICELL surface.

Through the utilization of APLIQUIQ during chair-side conditioning, minor adjustments are made to the surface chemistry through hydroxylation. The outcome of this process leads to heightened surface energy and improved wettability. The exceptional super hydrophilic INICELL surface boasts an incredibly low water contact angle, measuring below 5 degrees. To provide a comparison, a contact angle of 90 degrees or less is typically regarded as hydrophilic. These attributes of the INICELL surface facilitate effortless and complete wetting when in contact with biological fluids, particularly blood.
n) Independent Research:
(NanoTitanium Ultrafine Grain Metal)
Research indicates that these novel metals facilitate bone integration up to 20 times quicker than traditional metals. As a result, patients are expected to have reduced healing periods following surgery, along with enhanced and dependable fusion of these fresh implants with their bodies.

Nano Titanium demonstrates remarkable compatibility with bone tissue and is believed to offer more robust and swifter bonding, accompanied by advancements in strength, biocompatibility, durability, and resistance to deterioration.
  SLA - Sand blasted and acid etched.
RBM - Resorbable blast media.
TPS - Titanium plasma sprayed.


2) Advancements In Implant Design:

a) Prosthetically driven guided surgery (Noble Biocare)
Diagnostic, treatment planning and guide surgery systems:
· •	Implant insertion that is secure and can be anticipated.
· •	Relevant for all clinical scenarios.
· •	Planning centered around prosthetic needs.
· •	Surgery with minimal invasiveness.
· •	Comprehensive supply of treatment components and assistance from a sole source.
· •	A trustworthy collaborator in the realm of digital dentistry.


b) Platform Switching:
Platform Switching involves the utilization of a smaller abutment than the implant itself. However, not all implant systems permit this practice. The rationale behind its effectiveness lies in the reduction of microgaps, leading to a decrease in bacterial-induced bone loss.

Following surgical placement, dental implants undergo osseointegration, during which the adjacent bone fuses intimately with the implant surface, resulting in a solid bond between the implants and bone. Once this integration reaches an appropriate stage, restorative abutments are affixed to the implants, enabling the attachment of dental restorations like crowns and dentures through cementation, screws, or other methods.

In the past, abutment diameter matched the implant platform diameter—referred to as platform-matching. In contrast, platform switching entails using a narrower abutment diameter than the implant platform diameter. For instance, a 4.8 mm-wide implant could be restored using a 3.8 mm-wide or 4.2 mm-wide abutment.

Bone resorption at the crest of bone around the implant site has been observed after implant placement. Research indicates that this resorption relates to the implant and abutment surface textures and the structure of the implant-abutment junction (IAJ). The theory supporting platform switching is tied to repositioning the IAJ away from the outer edge of the implant and adjacent bone, thus confining any inflammatory response within the width of the platform switch.

Notably, the degree of implant-abutment diameter mismatch, rather than solely the introduction of a platform switch, affects the outcome. Statistically significant differences in bone levels occur when the implant-abutment diameter mismatch surpasses 0.8 mm, which results in a circumferential width of platform switch of 0.4 mm when the abutment's center aligns with and is secured to the implant's center.

c) LOCATOR® IMPLANT ATTACHMENT SYSTEMS
Disposable Devices:

Locator Male Components:
Reusing Locator nylon males inadvertently can lead to retention loss of the overdenture. This is due to wear from previous use or damage during removal using the Locator Core Tool.

Locator Abutments:
Inadvertent reuse of Locator abutments may result in the accumulation of patient-related contaminants and subsequent wear of retention bands. This could lead to improper fit and function of the device, ultimately causing retention loss for the prosthesis.

Intended Usage:
The LOCATOR® Implant Attachment System is specifically designed for securing overdentures or partial dentures, whether fully or partially retained, through endosseous implants in the maxilla or mandible.

Exclusions:
The system is not suitable for scenarios requiring an entirely rigid connection. Use on a single implant with a divergence exceeding 20 degrees is not recommended.

Distinctive Attributes:
•	Minimal Vertical Height:** The total height of the Locator Attachment (including abutment and male component) is merely 3.17mm for externally hexed implants and 2.5mm for non-hexed implants.

•	Intuitive Design:** The self-locating design permits patients to effortlessly secure their overdenture without the need for precise alignment of attachment components.

•	Dual Retention Innovation:** The patented Dual Retention mechanism equips the Locator Attachment with a more expansive retention surface area compared to other attachments. By combining internal and external retention, it ensures prolonged and effective performance.

•	Rotational Pivot Mechanism:** The design of the pivoting Locator Male establishes a flexible connection for the prosthesis without compromising retention. The retentive nylon male maintains constant contact with the abutment socket while the titanium denture cap possesses full rotational movement range over the male.

•	Compatibility with Non-Parallel Implants:** The Locator Replacement Males are suitable for restoring implants with divergence of up to 10 degrees (20 degrees between implants). For divergent implants ranging between 10 and 20 degrees (40 degrees between implants), the Locator Extended Range Replacement Males are available.


d) Reverse abutments (MIS implants):

Introducing a fresh strategy for implant-supported restorations with a semi-customized abutment known as the Reverse Abutment. This innovative approach, both in the laboratory and clinical settings, is founded on the concept that enduring or interim restorations can be created before implant placement, utilizing abutments.
Advantages:
· Allowing gingival height
· Angulations to be customised while retaining the advantages of standard abutment




e) All on four concept (Noble Biocare):
The All-on-Four treatment approach offers individuals with edentulous arches and those needing immediate or post-extraction care a fixed prosthesis that can be loaded right away. This is accomplished by utilizing four implants: two placed axially in the front region and two tilted posterior implants.

This concept revolves around the deployment of four implants, each equipped with straight and angled multiunit abutments. These abutments provide support for a provisional, fixed, full-arch prosthesis that can be placed on the same day as the surgery. The All-on-Four approach is designed to optimize available bone utilization and allows for immediate functionality. Available published data on this method has shown cumulative survival rates ranging from 92.2% to 100%.

The clinical solution of All-on-4 has been designed to make the most of existing bone structure and enable Immediate Function™. Through the strategic placement of just four implants in fully edentulous jaws, this solution capitalizes on the advantages of angling posterior implants. This configuration ensures a secure and optimal foundation for a prosthetic bridge, even in cases with limited bone volume.





f) Differentiated osseointegration:

Seen in Zirconia implants, additional research is going on.

g) Custom made zirconia implants, Wolfgang Pirker, Alfred Kocher, Vienna, Austria:

· Taking an impression of the socket or the root.
· Performing optical scanning.
· Creating a milled zirconia custom implant.
· Installing the zirconia implant.


h) Bioimplant : Individualised Zirconium Implants: 
	A team of Austrian surgeons has developed a CAD/CAM-based approach for crafting personalized Zirconium Dental Implants suitable for immediate implantation scenarios. In essence, the process involves scanning an extracted tooth and fabricating a zirconium replica through milling. This replica includes macro-retentive attributes that enhance the stability of the new implant within the socket. The reported success rate for this technique is 90%.
i) Z1 Conic-Zirconium Collered Titanium Implant:
	              T.B.R. Group has unveiled an innovative implant design with a zirconium collar. This implant combines a single-stage titanium structure with a zirconium trans-gingival emergence collar. According to their assertion, the zirconia material promotes improved adhesion and growth of fibroblasts and osteoblasts cells in comparison to titanium. Additionally, it is believed to exhibit reduced bacterial colonization around the collar and shows signs of gradual attachment of the gingival tissue to the zirconium collar.



j) Z-System’s Zirconium Implants and Surgical Instruments:
            Z-systems has introduced a fully metal-free implant system along with a corresponding set of surgical tools. These implants are crafted using 95% Zirconium dioxide and 5% Yttrium tri-oxide. Among the metals found to promote osseointegration (which include Titanium, Niobium, Tantalum, and platinum), Zirconium stands out.

While this innovative method has received certification for use in Germany, plans are underway to secure FDA clearance for its use in the United States. Preliminary animal and human-based research indicates that the bone-to-implant contact percentages, a measure of osseointegration extent, closely resemble those achieved with titanium-based implants.
k) Straumann’s Roxolid TiZr Alloy Implant:
           Straumann has introduced a novel material called Roxolid (derived from "Rock Solid"), which is a Titanium-Zirconium alloy boasting 50% greater strength than pure titanium. Preliminary assessments on animal subjects indicate noteworthy enhancements in removal torque values when compared to Straumann's existing SLActive titanium implants. Clinical trials involving human participants are currently in progress across Europe and North America.
l) Nobel Biocare’s Groovy Implant Surface:
Nobel Biocare has implemented an enhancement to their Ti-Unite surface technology. Through the addition of micro grooves on the surface, they assert the potential to raise implant stability by as much as 30%, consequently expediting the process of bone formation. Unlike their key rivals Astra (Osseospeed) and Straumann (SLActive), who employ chemical surface modifications, this improvement follows a mechanical route to enhance Bone-to-implant contact.
m) Branemark System:
          External hex with antirotational grooves.

n) Bone level Implant Designs:
          	In this particular implant design, the grooves extend up to the neck of the implants. A bone level implant refers to an implant where the connection between the implant and the abutment is situated at the bone crest's level.

Ensuring the presence of healthy attached gingiva around an implant is crucial. Thus, placing implants at the bone level and covering them with healing abutments (ranging from 2 to 4 mm in one-stage surgery) becomes necessary. It's important to note that over time, approximately 1 to 2 mm of gingival tissue resorption can be expected. Hence, if the implant were positioned at tissue level, the implant's threads would become exposed, leading to an undesirable situation with no feasible solution.

The concept of the biological distance involves the micro gap between the implant and the prosthetic components, which is horizontally displaced from the bone. Moreover, the optimal location for the transition from the smooth to the rough surface occurs at the crestal bone level, maximizing the surface area available for osseointegration.
o) Straumann’s new Bone level implant:
          Straumann has introduced their latest implant, referred to as the 'bone level' implant. This implant showcases the SLActive surface extending all the way to the implant's top. The abutments have been designed anatomically and incorporate a 'platform-switching' concept. It seems that this design evolution is a direct response to concerns surrounding esthetics and potential recession in the esthetic region.

Straumann's findings indicate that initial data from the inaugural clinical study demonstrate outstanding esthetic outcomes encompassing both hard and soft tissues. These outcomes are characterized by minimal risk of recession and an absence of esthetic complications.
p) Straumann’s New Asymmetrical Implant:
Straumann has submitted a patent application in the United States for a root-form implant featuring an asymmetrical shoulder. This design bears resemblance to their existing TE implant design, but introduces a new sloping shoulder arrangement that is higher on the palatal side and lower on the facial side.

q) Anatomic® Implant system bu Innova:
	         Presenting the revolutionary Anatomic® implant – the first-ever asymmetrical dental implant engineered to achieve the most authentic esthetic results.

•	Three distinct cross-sectional configurations, catering to different tooth geometries (anterior wide, anterior narrow, and posterior), enable customization of the coronal osteotomy contour during placement. The parabolic-implant abutment interface ensures a natural appearance is maintained.

•	The Anatomic® implant introduces three cross-sectional profiles that offer optimal support for both hard and soft tissues, ensuring the finest esthetic outcome.

•	The anterior wide and anterior narrow implants are designated Gold/Green, exhibiting triangular cross-sections akin to incisors.

•	The posterior implant is represented by the color Blue and features an ovoid cross-section reminiscent of canines, premolars, and individual molar roots.
PEEK Customised Healing Abutment:
BEGI Implant System GmbH & Co has introduced a novel approach involving a customized healing abutment specifically designed to mold the soft tissue. Through the on-site customization of the PEEK blank, the emergence profile can be tailored to be elliptical or even triangular, depending on the tooth's circumferential shape that requires replacement. This innovative solution utilizes a high-strength and biocompatible plastic abutment crafted from polyether-ether ketone (PEEK), an implantable material.

The PEEK material is skillfully shaped at the chairside using a handpiece, serving as an alternative to conventional healing abutments. Its purpose is to artistically sculpt the peri-implant soft tissue emergence profile.
r) Injection Moulded Zirconia Abutments:
Morgan Advanced Ceramics has pioneered an injection molding technique for crafting zirconia abutments. Operating from its injection molding facility in Stourport, UK, Morgan Advanced Ceramics has the capacity to create intricate geometries essential for tailor-made dental abutments. This process enables the precise, high-volume production of these abutments along with their associated retaining components and jaw bone screws, ensuring both accuracy and remarkable consistency.
3) Other Advancement in Implantology:

a) Implant Location System:
       Tactile Tech has unveiled the Implant Location System (ILS), a technology harnessing tactile sensing for intra-oral-image-guided navigation tailored for dental professionals. This computer-guided suite facilitates sensing, navigation, and guidance during dental implant placement, catering to both general practitioners and experts. The system ensures safety and precision in restoration without the inherent complexities associated with other navigation systems.
b) MIS Crest Widener Kit:
         MIS Implant Technologies Ltd has introduced a Crest Widener designed for expanding a slender alveolar crest that possesses adequate height for implant installation. This tool separates the cortical plates and utilizes the crest widener to create a distraction between these plates, resulting in the formation of fresh bone in the gap between the plates and the attached gingival. The company offers a comprehensive guide and a surgical technique video on their website to assist with the procedure.
c) Drug Delivering Prosthetic Implant:
       	The Fraunhofer Institute of Biomedical Engineering IBMT in Germany has created a dental prosthesis that incorporates a reservoir filled with medication, a valve, two sensors, and multiple electronic components.

Saliva gains access to the reservoir via a membrane, causing a portion of the solid medication to dissolve. This solution then flows through a small channel into the oral cavity, where it is absorbed by the mucous membranes within the patient's cheeks.

Within the channel, two sensors are present to track the quantity of medicine being discharged into the body. Patients are required to replenish the reservoir with the medication every two months.
d) Implant Guidance System:
        	Innovative Implant Technology has introduced a groundbreaking kit designed to assist in the strategic planning and precise placement of dental implants across diverse clinical scenarios.

This kit incorporates color-coded 'measuring blades,' which play a pivotal role in ascertaining the most suitable implant dimensions for specific edentulous spaces. During the implant placement process, the measuring pins are employed to ensure ideal spacing between the implant and adjacent teeth, as well as between implants themselves.
e) Robotic Smart Drill:
A robotic intelligent drill, developed by Aston University (UK) and subjected to clinical trials at University Hospital Birmingham, presents a heightened precision in drilling procedures. Demonstrated during a cochlear implant surgery, this device exhibits the capability to sense the proximity of the drill tip as it nears the tissue interface.
      Utilizing this awareness, it effectively avoids breaching the membrane, thus     preventing the introduction of debris or inadvertent drilling into the ear. This refined drilling technique is anticipated to contribute to enhanced hearing outcomes for patient’s post-implantation.

The technology has undergone successful testing on three human patients. It consistently produces an impeccable hole of precise dimensions and at the accurate depth in the optimal location. While currently deployed exclusively for cochlear implants, the potential for broader applications in surgical procedures is extensive in the future.
The Baha System, an Osseointegration:
	     The Baha system combines a sound processor, with an abutment and a small titanium implant.

f) Implant simulator:
        Virtual 3D simulator to Teach Dental Implant Procedures.

4) Advancements in Surgical Methods:

	Piezoelectric surgery
	Thanks to the controlled three dimensional ultrasound vibrations, the original PEIZOSURGERY technique opens up new age for osteotomy and osteoplasty in Implantology, Periodontology, Endodontics and surgical Orthodontics. 
· Bony window osteotomy in sinus lift 
· Ridge expansion
· Bone harvesting: chips
· Bone harvesting: blocks
· Osteoplasty.
· Implant site preparation
· Extraction for immediate implant positioning
· Elevation of Schneider’s membrane

	Distraction Osteogenesis
	Distraction osteogenesis, also known as callus distraction, callotasis, and osteodistraction, is a surgical technique employed to correct skeletal deformities and extend the length of long bones in the body. This method involves the utilization of a corticotomy to create a controlled bone fracture, dividing the bone into two segments. During the distraction phase, these bone ends are incrementally moved apart, creating a gap that prompts the formation of new bone. Following the achievement of the desired or feasible length, a consolidation phase ensues, allowing the bone to continue its healing process. The advantage of distraction osteogenesis lies in its simultaneous enhancement of bone length and the volume of adjacent soft tissues.

	Balloon Sinus Lifter
	An innovative balloon sinus lifter has been introduced, offering a less invasive hydraulic approach for sinus lifts (both internal and lateral methods). This advancement minimizes the potential for membrane tears. The micro-mini balloon, when filled with saline using a 5cc syringe, inflates to 1.9mm. Applying gentle pressure to the membrane, the sinus graft space is expanded in a controlled manner, eliminating the need for sharp instruments.



5) Laser Use In Implant Dentistry:
The significance of establishing a conducive environment for soft tissues surrounding the perimucosal region of implants cannot be overstated. Every implant necessitates traversing the submucosa and the superimposed stratified squamous epithelium.

Misch emphasized that this junction serves as a critical connection point between secure prosthetic attachment and the dependable bony support of the implant. The gingival epithelium or biological seal emerges as a pivotal element influencing implant longevity.

When utilizing laser technology as opposed to traditional surgery, the creation of a biological seal right from the outset of implant uncovering gains prominence. This approach results in the attached gingiva healing directly around the implant, forming what can be termed an epithelial cuff.

Protective exposure of implants can be executed using laser energy. In cases where soft tissues exceed a thickness of 3mm, laser reduction can be applied to attain an optimal pocket depth around the implant.
6) Advancements in use of Zirconia:

	Zirconia in Implantology:

	· CAD CUSTOM MADE ZIRCONIA IMPLANTS.
· ZIRCONIA IMPLANT DRILLS.
· ZIRCONIA COLLARED IMPLANTS.
· INJECTION MOLDED ZIRCONIA ABUTMENTS.
· CAD IMPLANT ABUTMENTS.




7) Advancements in Ceramics for use in Dental Implants:
Ceramic oxides, being primarily present in their highest oxidation state, exhibit exceptional resistance to corrosion and remain stable even in challenging conditions. Despite the notable strength displayed by certain modern ceramics, they generally lack ductility and are prone to flexural fractures due to their inherent brittleness.

However, the remarkable biocompatibility and inert nature of ceramics position them as ideal candidates for dental implant applications. The favorable interaction between certain ceramics and living bone, coupled with the ease of tissue growth into their surface porosities, has sparked a renewed interest and research exploration in this material category.
Ceramic coating for dental implants:
Types of ceramic materials present in some dental implant coatings:

· Hydroxyapatite (HA) 				      Ca10 (PO4)6 OH2
· Tn-calcium phosphate (TCP) 			      Ca 3(PO4 )2 ,,, some with MgO
· Fluorapatite (FA) 				      Ca10 (PO4)2
· Tetra-calcium phosphate (TTCP) 		      Ca4P2O9
· Calcium pyro-phosphate 			      Ca2P2O7
· Brushite 					      CaHPO4
· Bioglasses (Bioglass, AW Glass-Ceramic)   SiO2-CaO-Na20-P2O5-MgO etc.
· Aluminium oxide 				      Al2O3
· Zirconium oxide 			                  ZrO2

The ceramic materials developed for coating the dental implant surface are basically of two types: 
· Bioactive ceramics: Ceramics – e.g.: a) Calcium phosphates such as fluorapatite, and tricalcium phosphate; Bioglasses. 
· Inert Ceramics – e.g: Aluminium oxide (Alumina); Zirconium oxide.



Bioactive Ceramics:
The term 'bioactivity' refers to the inherent property of a material to establish a connection with living tissue. This characteristic renders the material suitable for various applications such as implants (Hench, 1988) and implantable products like endodontic pulp-capping materials (Oguntebi, 1991).

Bioactive materials encompass ceramics and glasses that are rich in calcium and phosphate content. Notably, ceramic coatings containing calcium (Ca+) and phosphate (P+) ions in the vicinity of the implant have demonstrated the ability to promote bone apposition more effectively than uncoated metal implants. This effect is particularly pronounced with bioactive ceramics. The ions liberated from the implant's surface appear to trigger cellular differentiation, leading to accelerated bone formation.

Hydroxyapatite, akin to the mineral composition of bone and teeth [Ca10(PO4)6OH2], has been predominantly employed as an implant material for alveolar ridge augmentation or bone defect filling (available as blocks or granules). Nonetheless, the use of granular hydroxyapatite poses challenges related to its proper placement at the implantation site. Furthermore, due to its limited strength and ductility when subjected to bending or tensile forces, its application is restricted to low-stress scenarios.

Another application of hydroxyapatite involves its use as a coating for titanium substructures, addressing the material's mechanical limitations while harnessing its bioactivity.

Bioglass is a dense ceramic material crafted from CaO, Na20, P2O5, and SiO2.

Methods for applying ceramic materials as coatings for dental implants: 
· Plasma Spraying (40-60m).
· Vacuum Deposition techniques :
· Ion-beam sputtering (1-2m)
· RF sputtering (1-3m)
· Pulsed laser deposition (1-5m)
· Sol-gel & Dip coating methods (5-20m)
· Hot - isostatic pressing (20-l00m)
· Electrolytic Process : 
· Electrophoretic deposition (10-30m)
· Electro-deposition (20-40 m)

Implant supported ceramic restorations:

Cera One Abutment (Nobel Biocare, Branemark System): 
A unique implant apparatus tailored for single-tooth implants within the Branemark system by Nobel Biocare. This device is a ready-made pure-titanium abutment cylinder, meticulously designed to accommodate a subgingival porcelain restoration for a single tooth, while enabling cement retention.

The titanium abutment features a hexagonal structure with six sides, providing the necessary foundation for securing a crown. To affix the abutment, a specialized gold screw is utilized, which is inserted using a torque-reducing drive. This mechanism not only facilitates the application of torque to the abutment screw but also integrates a counter-torque element for enhanced control.
CeraOne abutment system provides:
•	Premanufactured, hexagonal, and system-compliant ceramic constructed from aluminum oxide.
•	Gold cylinder components intended for utilization alongside ceramic materials, like tailor-made Celay In-Ceram Crowns.

The ultimate dental restoration, such as a crown, is intended to be affixed using cement over the CeraOne abutment. This approach accommodates various prosthetic designs, including:
•	An all-ceramic restoration facilitated by the inclusion of the ceramic cap, made from 99.9% aluminous oxide, specifically Procera ceramic.
•	A porcelain-fused-to-metal or entirely metal-based restoration enabled through the integration of the gold alloy cylinder.

Both the ceramic cap and gold cylinder are meticulously designed to fit impeccably over the abutment. Consequently, when either element becomes part of the final restoration, it is cemented onto the abutment cylinder, achieving a precise fit at the collar level.














Advancements in Lasers



	Soft Tissue Application
	Hard Tissue Application
	Miscellaneous

	· Crown Lengthening 
	· Tooth Preparation
	· Laser Sintered Crowns

	· Correction Of Gummy Smile
	· Cavity Preparation
	· Laser Sintered Implants

	· Correction Of Ms Attachments-Freni
	· Enamel Etching
	· Laser Welding

	· Correction Of Soft Tissue Folds
	· Bleaching
	· Lasers In Treatment Of Hypersensitivity  

	· Benign Tumour Excision
	· Cavity Detector
	· Laser Micro Texturing Of Dental Implants

	· Create Soft Tissue Changes For Ovate Pontics
	
	· Viewing Tooth And Gum Tissues

	· Treatment Of Cold Sores
	
	· Sleep Apnea

	· Nerve Regeneration
	
	

	· Gingival Retraction
	
	

	· Gingival Depigmentation
	
	



Soft tissue application:
•Soft Tissue Folds (Epulis): Dental lasers are applicable for the painless and suture-free elimination of soft tissue folds, often arising from ill-fitting dentures.
•Lasers for Gingival Retraction – Utilizing Nd-Yag lasers.
Advantages:
  -	Precise and painless incision without bleeding.
  -	Controlled removal of tissue.
  -	Swift healing process.
Disadvantages:
  -	Technique may be time-consuming.
  -	Considerable cost involved.
•Cold Sores: Low-intensity dental lasers alleviate cold sore discomfort and expedite the healing period.
•Nerve Regeneration: Photobiomodulation can foster the regeneration of compromised nerves, blood vessels, and scars.
[image: ]
Fig.no.47) Soft Tissue Application.



Hard tissue application:
•	Cavity Detection: Utilizing low-intensity soft tissue dental lasers, cavities can be detected in their early stages by assessing the by-products generated from tooth decay.

•	Dental Fillings / Tooth Preparation: Hard tissue dental lasers offer the potential to replace the conventional local anesthetic injection and traditional turbine dental drill. These lasers employed during dental filling procedures have the capability to eliminate bacteria within a cavity, potentially enhancing the long-term durability of tooth restorations.

•	Tooth Sensitivity: Dental lasers can effectively seal tubules situated on the tooth's root, responsible for causing tooth sensitivity to hot and cold sensations.

•	Laser Enamel Etching – Leveraging the erbium, chromium: yttrium, scandium, gallium, garnet (Er, Cr: YSGG) hydrokinetic laser system.

•	Laser-Assisted Whitening Technique: This method involves the application of oxidizing substances onto the enamel, subsequently activated by laser light. The laser beam amplifies the oxidizing potency of these substances through photothermal or photochemical mechanisms.
[image: ]
Fig.no.48) Hard Tissue Application.

Miscellaneous Application:  
•	Coherence Tomography offers a safer real-time approach to visualize the interior of teeth and gums.

•	Sleep Apnea: When sleep apnea arises from tissue overgrowth in the throat, often linked with aging, a laser-assisted uvula palatoplasty (LAUP) procedure can be employed. This procedure reshapes the throat, alleviating breathing difficulties associated with sleep apnea.

•	Dental Hypersensitivity: Lasers find application in treating dental hypersensitivity.

•	Temporomandibular Joint (TMJ) Treatment: Dental lasers prove effective in swiftly alleviating pain and inflammation in the temporomandibular jaw joint.

Commonly used lasers in dentistry:
· Argon
· Neodynium: YAG
· Erbium family
· Co2
1. Argon:
Active medium is argon gas.
Fiber optically delivered as continuous and gated pulsed modes.
Chromospheres is pigments
Ideally suited for acute inflammatory periodontal disease and highly vascularized lesions.

2. Neodynium: YAG:
Medium garnet crystal combined with rare earth elements yttrium and aluminum.
Free running pulsed mode, Optic fiber delivery system.
Chromospheres is pigments,
Removal of pigmented surface carious lesions.

3. Erbium family:
Erbium, Chromium: YSGG 2780 nm.
Erbium: YAG 2940 nm.
Fiber optically delivered in free running pulsed mode.
Chromospheres water and hydroxyapatite.
Effective root canal therapy and bone removal.

4. Co2 :
Medium co2 gas, 10,600 nm 
Hollow tube wave guide in continuous or gated pulsed mode.
Chromospheres water.
Highest absorption to hydroxyapatite of any laser.
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Fig.no.46) Portable Laser Machine.
















Advancements in Materials


1) Advancements in Impression Materials:

a) ROMP(Ring-opening metathesis polymerisation):

•	Ring-opening metathesis polymerization (ROMP) stands as an olefin metathesis polymerization variant, yielding products of significant industrial value.

•	The reaction's impetus stems from mitigating the ring strain inherent in cyclic olefins (like norbornene or cyclopentene), leading to the discovery of diverse catalysts.

•	Studies indicate that altering the molecular weight of the resulting polymer is feasible by introducing substituents to the monomer and selecting an appropriate solvent.

b) Light cured impression trays:

•Specially Designed Tray Material.

•	An Enhanced Option in TRIAD Custom Tray Material – Tru Tray Offers Improved Size, Quality, and Efficiency.

c) EXAFAST™ fast set VPS Impression Material:

•EXAFAST represents a rapidly setting VPS impression material designed to enhance precision, elevate efficiency, and optimize patient comfort.

•Simple and effortless extrusion.

•Favorable consistency during use.

•Yields clear, exceptionally polished, and remarkably accurate impressions in a reduced timeframe.
d) EXA’lence™ Vinyl Poly:

•	EXA’lence merges the finest attributes of VPS and Polyether, encompassing superior tear resistance, remarkable hydrophilicity, and exceptional flow.

•	The outcome is among the most precise impressions accessible in today's market. EXA’lence maintains predictability even in challenging circumstances.
e) Virtual CADbite Registration:

•	Virtual CADbite registration material is suitable for scanning purposes and can be utilized to optically capture data during the fabrication of restorations using CAD/CAM systems like CEREC.

•	Virtual CADbite is crafted from addition silicone, serving not only as a viable option for conventional Bite Registration techniques but also in tandem with indirect restorative procedures.

•	Swift – With an intraoral setting time of just 45 seconds, the material significantly minimizes the risk of distortions and inaccuracies arising from patient jaw movement.

•	Simultaneously, Virtual CADbite offers ample working time for the acquisition of full-arch bite registrations.

•Resilient.

•Scan-ready.
f) CEO HYDROPHILIC GEL™:

•	COE HYDROPHILIC GEL (CHG) incorporates the antimicrobial capabilities of chlorhexidine within a velvety, dust-free, and pleasantly flavored wild cherry alginate impression material.

•CHG has demonstrated its effectiveness in virtually eradicating the usual microorganisms present in alginate materials. The addition of a special wetting agent expedites the fast and simple mixing of CHG.

•	It's effortless to dispense, manipulate, and blend, all without the troublesome and unsafe dust.

•Offered in both Normal and Fast Set options.
g) Vinyl Polysilozane Indicator Material FIT CHECKER™II:

•	Vinyl Polysiloxane Indicator Material for Detecting High Spots and Pressure Points: Fit Checker.

•	This white-colored, odorless, and tasteless VPS indicator material serves as a visual aid to reveal any elevated areas or pressure points on different dental prostheses, such as dentures, crowns, and bridges.

•Vinyl Polysiloxane remains unaffected by saliva.

•Characterized by its white hue, exceptional detailing, and precision.

•Creates a three-dimensional depiction of prosthesis fit.

•Offers ample working time for complete dentures.

•Flows seamlessly when seating dentures.
h) TRAY ADHESIVE REMOVER For use with All Metal Trays:

· GC Tray Adhesive Remover effectively infiltrates and eliminates a wide array of adhesives present on metal impression trays and instruments.

· The adhesive can be eradicated within a span of just 1 to 2 minutes. In cases of substantial adhesive accumulation, trays can be pre-soaked in the adhesive remover to minimize the need for scrubbing.

· Ultrasonic cleaning within a tray adhesive remover bath is also a viable option. No need for mixing.

· The ready-to-use formulation is gentle on the skin and has no detrimental impact on the structural integrity of metal trays or instruments. It features a pleasant, subtle citrus aroma. 

i) QUAD-TRAY Xtreme METAL Dual arch Impression:

•Unyielding due to its rigid aluminum build, the tray boasts memory-free and pliable attributes.

•It steadfastly maintains its form without any flexing.
j) Tray:

•	Ample Arch: The expansive arch design effectively prevents heat damage to the teeth—a common issue with most plastic trays.

•	Customizable: Tailor the arch width of the tray to accommodate a wide range of patients' arch sizes.

•	Minimal Sidewalls: This design feature curbs potential palatal contact and axial rolling of the tray wall, addressing common causes of distortion.

•	Simplicity in Use: The QUAD-TRAY xtreme technique has been clinically validated and is a routine tool in the hands of experienced clinicians, delivering consistently accurate and flawless impressions.

•	Thinner Distal Bar: A 25% slimmer distal bar mitigates distortion risks due to retro molar pad area contact; the tapered design prevents impairment.

•	Retention Mechanism: Two upper and two lower retention bars lining the internal buccal and lingual tray walls aid in securing the impression material to the tray, avoiding material dislodgement.

•	Reduced Lingual Wall: While accommodating up to four teeth without limitations, the slightly shorter lingual wall of the QUAD-TRAY Xtreme prevents interference with the patient's anterior teeth, especially in smaller oral cavities.

•	Integrated Mesh: Exclusively featuring attached mesh, the QUAD-TRAY Xtreme maintains rigidity while preventing impression material from dripping and ensuring uniform material coverage around the distal wall for a secure bond.

•	Extended Mesh: The mesh has been subtly elongated towards the handle to ensure accurate capture of up to four teeth.
k) Triple tray impression technique:
The dual-arch or double-arch impression technique offers exceptional accuracy as a viable alternative to full arch impressions. This method employs specialized impression trays designed to capture essential information for prosthesis fabrication, including the prepared teeth, centric occlusal relationship, and the opposing dentition.

· These trays can be categorized into three distinct groups:
· Plastic trays designed for either quadrants or full arches.
· Side-less metal or plastic trays intended for posterior quadrants.
· Metal trays featuring disposable inserts, suitable for posterior quadrants.
Metal trays exhibit rigidity that prevents deformation during the impression process. In contrast, plastic trays possess flexibility and may deform based on sidewall thickness.

Side-less trays rely on dense impression material for support during both the impression procedure and the pouring of stone models. The choice of tray depends on factors such as arch form, tooth positions, and retro-molar pads. Careful selection is vital to avoid alveolar and soft tissue interference, which could lead to distortion.

Additionally, dual-arch systems provide increased patient comfort, as the close-mouth posture reduces the likelihood of gagging episodes. Quadrant impressions reduce the amount of impression material required. Research indicates that using high-viscosity impression materials with dual-arch trays decreases the risk of foreign body aspiration. This technique is also time-efficient and eliminates the need for supplementary records.

l) Improvements In Alginates:

· Flavour Added - Spearmint / Mango / Mint.
· Rapid Set - Hydrogum Normal Set – Neocolloid.
· Dust free – Aliginoplast.
· Chromatic Alginate - TRIALGIN / KROMALGIN.
· Paste form - (Catalyst + Base).
· Alginate Containing Microbial:
1) Chlorhexidine.
2) Quantanary Aluminium (Components).

m)  Impression Material Mixing Instrument (Pentamix 2):
The 3M™ ESPE™ Pentamix™ 2 Automatic Mixing Unit essentially consists of three components:
· Drive unit with motors, clutch and gears
· Dispensing unit consisting of chain, cross-member, double plunger and piston discs.
· Superstructure with frame, side sections made of die-cast aluminium and polycarbonate housing.
The clutch plays a crucial role in the system. It holds the responsibility of transmitting high levels of torque while serving as an overload safety mechanism. Its primary function is to disengage the drive unit from the dispensing unit once the material in the foil bag is fully utilized. Additionally, the clutch offers controlled and delayed disengagement after each dispensing cycle to prevent paste dripping.

The Pentamix™ 2 Automatic Mixing Unit, succeeding the Pentamix™ Automatic Mixing Unit, maintains the same user-friendly approach while operating at 1.5 times the speed of the first-generation model. The familiar high-quality mixing performance for impression materials remains consistent. Notably, the increased dispensing speed extends working time across various applications, resulting in significant time savings. The Pentamix 2 System allows for a more relaxed and cost-efficient workflow, presenting a step forward in achieving enhanced precision with reduced expenses.

The introduction of the Penta™ Mixing Tip Red, the steel tube Penta cartridges, and the new color-coded and reinforced Penta foil bag front caps significantly elevates the durability and reliability of the entire Pentamix system. This update also broadens the range of processable impression materials to include real putty materials such as the Express™ Penta™ Putty Vinyl Polysiloxane Impression Material.
2) Advancements in Waxes:

a) Light cured pattern waxes:
· Used to make patterns for R.P.D.

b) Metacon Light-Cured Wax Patterns (F.P.D.):

•	The Metacon light-cured wax patterns are now accessible in preformed designs featuring occlusal surfaces and backing plates, aimed at facilitating occlusion and lingual areas waxing. These patterns have been developed with proper length-to-width ratios and equivalent fundamental outlines, further streamlining the wax-up process for full cast cases.

•	Following light-curing, the patterns undergo a transformation into acrylic, enabling adjustments to occlusion before casting.

•	The key component of Metacon is wax, rendering it malleable and wax-like in behavior. Its composition and material attributes allow for two application methods. The "hot application" employs electric wax spatulas, a Bunsen burner, and spatula, along with dipping. Alternatively, the "cold application" involves kneading Metacon at room temperature, akin to working with modeling clay.

•	Subsequent to the wax-up process, Metacon undergoes successful polymerization using the specially designed Metalight QX1 light curing unit. Through light curing, Metacon wax transitions into acrylic. Immediately after polymerization, Metacon can be trimmed prior to investing, as this acrylic can be easily ground with carbide burs.

•	Despite its transformation into acrylic, Metacon retains the advantageous qualities of wax; it achieves clean and complete burnout and does not expand within the casting ring during preheating.

•	The Metacon system extends beyond modeling wax, encompassing prefabricated patterns including retentions, bar profiles, clasp profiles, smooth or stippled sheets, and sprues. 
3) Advancements in Investing materials:

a) GC FUJIVEST SUPER:
A carbon-free phosphate-bonded investment intended for the accurate casting of precious, semi-precious, and Pd-based alloys. This investment is appropriate for both quick heating and slow heating procedures.
Advantages:	
· With special attention to complicated implant casting.
· Carbon free creamy consistency.
· High fluidity and wettability.
· Very smooth surface.
· Controllable expansion.

b) GC FUJIVEST II:
A phosphate-bonded investment without carbon content, designed for precision casting of dental crowns and bridge structures using various dental alloys. This investment is suitable for both rapid and gradual heating processes.
Advantages: 
· High fluidity + Wettability.
· Controlled setting + Thermal Expansion. 
· Smooth surface.
· Detailed Reproduction.
· Ringless Technique possible in both slow and quick heating process.

c) GC Stellavest:
Same as GC FUJIVEST 11.


4) Advancements in Bite Registration Material:

a) GC EXABITE:

Polyvinyl siloxane silicone impression material tailored specifically to meet the demands of Bite Registration.
Advantages:
•Efficient and consistent mixing and direct application from cartridges.
•Thixotropic characteristics with a well-balanced blend of stability and fluidity.
•Precise replication of intricate details.
b) RAMITEC PENTA:

Polyether impression material for Bite registration for automatic mixing and dispensing in PENTAMIX SYSTEM.
Advantages:
· Automatic mixing and dispensing with PENTAMIX unit.
· Absolutely homogenous and void free mixing at the touch of a button. 

c) DIMENSION BITE(60 seconds):

Extremely fast setting Addition silicone with high ultimate hardness. 
Advantages:
· Extremely short ST of 60 secs.
· Automatic mixing in new GARNAT 2 SYSTEM.





5) Advancements in Flasking Stone:

a) GC ADVASTONE:

Specially designed for flasking techniques in denture fabrication.
Advantages:	
•	Negligible expansion upon setting.
•	Remarkable compressive strength.
•	Reduced strength post-setting for simple removal.
•	Superb precision.
b) GC STONE GLAZE LIQUID:

Stone Glaze liquids specifically designed for the surface treatment of GC Fujirock EP plaster/white.
Advantages:	
•	Enhanced visibility of intricate details.
•	Premium display of prosthetic work.
•	Biocompatible.
c) Dissolving Agent for Dental Stone & Plaster: 
Agent for dissolving dental stone and plaster residues by immersion.
Advantages:	
· High dissolving capacity.
· Suitable for stone + Gypsum Bonded Investment.





6) Advancements in Luting Cements:
a) GC FUJI PLUS:
Given the complexities associated with Resin + GIC combination, this material offers a broad range of potential applications. It is suitable for bonding various types of metal, acrylic/resin crowns, inlays, onlays, and bridges, along with the bonding of porcelain ceramic inlays.
Advantages:	
•	Simple and straightforward mixing and handling akin to traditional cement.
•	Comparable mechanical properties to resin cement.
•	Elimination of intricate and moisture-sensitive bonding steps.
•	Solid adhesion to metal, resin, and porcelain treated with silane.
•	Absence of post-operative sensitivity.
•	Effective marginal sealing.
•	Present radiopacity.
b) GC FUJI PLUS EWT:

Luting for lengthy span bridges, combination work, and adhering multiple restorations. Extended working time in a single step.
Advantages:	
· Same as GC FUJI PLUS only l min extended Working. 
· Time help in easy removal of excess material.

c) TWINLOOK:
Light/Self curing luiting composite systems.
Indications:
· Inlays, Onlays and laminate veneers. 
· Adhesive bridgework. 
Advantage:
· Cures readily and thoroughly due to light and redox curing. 
· Easily and quickly polished.			
· Viscosity is perfect for placing multiple surface inlays. 


7) Advances in Dental Diamond Burs:
Traditional diamond burs have several limitations, including inconsistent grain shape, challenges in automating fabrication, decreased cutting efficiency due to repeated sterilization, and the potential release of Ni+ ions from the metallic binder into bodily fluids.

A novel rotary diamond instrument has been developed using a continuous diamond film obtained through Chemical Vapor Deposition (CVD). Following cutting tests, SEM examination and Electron Microprobe Analysis (EMA) were conducted to identify any metallic residue on both the bur's surface and the substrate.

EMA revealed the presence of Ni, Cr, Si, and Fe metals within the metallic binder matrix of the conventional bur, which could transfer to the substrate's surface. SEM indicated a significant loss of diamond particles during cutting with the traditional bur, whereas the CVD bur did not exhibit the same particle detachment.

In contrast, no discrete particles detached from the CVD bur. The new CVD burs not only exhibit enhanced cutting efficiency, performance, and durability, but they also reduce the risk of metal contamination.
8) Advancements In Other Materials:

a) Denture Comfort with Steradent:

Steradent has introduced the Steradent Denture Comfort Fixative Cream. This product not only provides a secure and comfortable grip for dentures but also contains camomile, which is believed to contribute to the prevention of gum inflammation.
b) GC Fit Checker:

Easy flowing white condensation silicone material for location of pressure points of dentures and for checking accuracy of Crown and Bridges. 
Advantages:
· Minimal film thickness
· Easy to remove from metal and resin surfaces
· Clearly visible colour contrast to denture resins and metals. 

c) GC Fit Checker II:

White Polyvinyl silicone Addition Silicone Material especially for checking pressure points and accuracy of fit of Crown + Bridges.
Advantages:	
· Easy application with Thixotropic Consistency.
· Exact detail Reproduction.
· Optimised colour and Transparency.

d) GC METAL PRIMER II:

This adhesive is designed for bonding dental acrylic to metal, utilizing a straightforward bonding technique to create a strong bond between composite veneering materials and metal structures, all without the presence of a marginal gap. It enables secure adhesive bonding of resin cements to metal restorations made from various dental alloys.
Advantages:
•	Simple and swift brush application technique.
•	Consistent and reliable adhesion.
•	Ensures no leakage.
•	Withstands humid conditions.
•	Suitable for use with all types of dental alloys and acrylic materials.
e) GC ACRON MC:

GC Acron MC is a microwave curing Denture Resins in which polymerisation takes place in a microwave at much shorter time. This is supplied same as powder and liquid form.
 Advantages:
•	Requires only 3 minutes of polymerization time in a standard household microwave oven.
•	Ensures uniform polymerization even in thick sections.
•	Exhibits excellent dimensional stability.
•	Provides an excellent fit to the tissue surfaces.
•	Possesses high surface hardness.
•	Demonstrates high strength.
•	Maintains color stability.
f) GC PATTERN RESIN LS:
GC Pattern Resin LS is a low shrinkage modeling resin designed for creating models of metal casting plates, telescopic and conical crowns, adhesive bridges, palatal and lingual bars, connectors, and more. It is specifically developed for the bridge-on-technique.
Advantages:
•	Exceptional precision.
•	Negligible shrinkage during polymerization.
•	Stable dimensions.
•	Excellent hardness and strength.
•	Quick setting time.
•	Modeling directly on the working model.
g) Composite Restorative Material Unifil F:
This innovative Composite Restorative Material belongs to the new generation, featuring a distinct fluoride-releasing property. It is available in shades A2 and A3.5.
Advantages:
•	Unifil is a radiopaque hybrid Composite that releases fluoride, suitable for both anterior and posterior restorations.
•	It offers easy placement, sculpting, and packing due to its non-sticky nature, and it is free from BISGMA.
•	The composite contains fluoroaluminosilicate glass fillers coated with silanes.
•	It provides notable release of fluoride and strontium, contributing to tooth structure strengthening, protection, and remineralization.














Other Miscellaneous Advancements


1) Primosplint-light cured MMA:
Primosplint is a light cured, methylmetacrylate (MMA) and peroxide free composite material, especially developed of function therapy bite splints (patented). 
2) Monoblock technique:
Composite cement with an integrated bonding system that can also be used as a core build up material has been a long awaited dream in restorative dentistry.
3) Osteo Odonto Kerato Prosthesis:
Dr. Christopher Lie, a professional at the Sussex Eye Hospital in Brighton, England, conducted a vision-restoring procedure known as the Osteo Odonto Keratoprosthesis (OOKP). This innovative technique involves utilizing a living canine tooth fitted with an optical cylinder and transplanting it into the eye socket, leading to the restoration of sight for a blind Irishman. The procedure entails the extraction of a canine tooth, along with a section of adjacent bone and connected ligaments, from the patient.

In the initial phase, the extracted tooth complex is attached to the cheek area to establish a blood supply, and it is allowed to undergo a healing process spanning several months. Subsequently, the tooth complex is removed from the cheek region and placed within the eye, with the integration of a corneal replacement implant. The recipient of this groundbreaking procedure is Bob McNichol, a 57-year-old resident of County Mayo in western Ireland, who lost his vision due to a rare incident involving a molten aluminum explosion at a recycling facility two years prior. The living canine tooth used in the procedure was generously donated by his son Robert, aged 23.
4) Device for Ultrasonic Imaging of Jaws:

Imagent has been granted a US Patent for its advanced ultrasonic jaw imaging system. This system incorporates a specially designed ultrasonic probe and a position locator module, which is responsible for determining the probe's position. This information is then transmitted to a computer, which subsequently reconstructs the image.

The technology developed by the company enables real-time imaging of a patient's jaw during dental surgical procedures, thereby enhancing safety and effectiveness while reducing the expenses associated with dental implantation and other surgical interventions.

Accurate positioning of dental implants holds utmost importance; as incorrect placement could result in irreversible nerve or sinus damage. Imagent's innovative technology significantly mitigates the risk of such complications, contributing to a safer and more cost-effective procedure. This advancement makes dental implantation and other related procedures more appealing to both patients and healthcare practitioners.
5) BloMedavie’s GumEast – Cryo-Anesthetic Dental Mouthpiece:
The gumEase device, a disposable and user-friendly breakthrough in pain management, is designed to provide rapid anesthetic relief. This latex-free innovation is placed in the sulci both above and below the upper and lower gums. By targeting the maxillofacial nerves, it effectively alleviates pain. In fact, during testing, participants experienced a remarkable reduction in pain, with an average decrease of 90% within just 3 to 4 minutes.

Made from biocompatible ThermoPlastic Elastomer (TPE) and containing a saline solution, the sterile gumEase is a standalone device, operating independently without any external support. Prior to use, the device is cooled in a controlled freezer environment. Once properly positioned within the mouth's sulci, the cooling mechanism initiates, delivering a potent pain-relieving effect to patients.

It is important to note that there might be potential side effects associated with gumEase usage, such as the possibility that the cryotherapy might not completely and comprehensively alleviate all forms of oral pain.
6) Dento-Munch – A Robotic Chewing System:
Researchers in the UK have created a robotic system named Dento-Munch that emulates the biting and chewing actions of humans. This innovative system is intended for evaluating the wear and tear of dental materials. It presents a cost-effective and time-efficient alternative to conventional clinical trials.

The robot accurately replicates the intricate movements of the human jaw. Comprising two platforms that mimic the upper and lower jaws, the lower jaw possesses the ability to move along six degrees of freedom.

Much like the natural human jaw, this robotic system can perform a range of motions and rotations across all three-dimensional axes: vertical, horizontal, and lateral. The underlying software governing the mechanisms and gear systems within Dento-Munch is strategically designed to respond to pressures in a manner reminiscent of human muscles and tendons.
7) Applications of Nanorobotics to Dentistry:

Freitas outlined a vision where medical nanorobots could utilize specific modes of movement to navigate human tissues with precise control. This includes techniques like cytopentration, which involves passing through plasma membranes, such as the odontoblastic process, without harming the cell while maintaining biocompatibility. Furthermore, these nanorobots could employ various strategies to monitor, disrupt, or modify nerve impulse traffic within individual nerve cells.

These functionalities of nanorobotics might be regulated by an integrated nanocomputer programmed to execute predefined instructions. This response could be triggered by localized signals from neighboring robots, conveyed through methods like acoustic signals akin to those used in ultrasonography, or similar mechanisms comparable to an Admiral commanding a fleet.
8) Nanotechnology in Dentition Renaturalization Procedures:

The process of restoring natural appearance to teeth, known as dentition renaturalization, is expected to gain popularity as an attractive enhancement to standard dental services, offering ideal solutions for aesthetic dentistry. There is anticipated increasing interest in comprehensive coronal renaturalization treatments, wherein all previous fillings, crowns, and other alterations made during the 20th century are eliminated. The affected teeth are then reconstructed to blend seamlessly with the adjacent natural teeth, resulting in an undetectable transformation.
9) Nanotechnology in Durability and Appearance:

Enhancing both the strength and visual aspect of teeth could involve the substitution of upper enamel layers with covalently connected synthetic substances like sapphire or diamond. These materials possess hardness and resilience levels that are 20 to 100 times higher than those of natural enamel. Another alternative could be using modern ceramic veneers, ensuring not only improved biocompatibility but also durability. While sapphire and diamond in their pure forms are susceptible to brittleness and fractures, they could gain resistance by being integrated into a nanostructured composite material that potentially incorporates carbon nanotubes within its structure.


10) Nanotechnology in Dental Hypersensitivity:

Nano-dental intervention could also be effective in addressing dental hypersensitivity, a pathological occurrence. The transmission of pressure through hydrodynamic means to the pulp can lead to this sensitivity issue. Although various therapeutic substances can temporarily alleviate this prevalent and painful condition, the utilization of nanorobots designed for dental restoration, using natural biological components, could offer a lasting solution. These nanorobots have the potential to accurately and selectively block certain tubules within minutes, presenting a prompt and enduring remedy for patients.
11) Various Nanotechnology Products:

a) Nanocream- Nano Aluminium Oxide Fibres:

Nanostructured aluminum oxide fibers contribute enhanced strength and superior functionality to metals, plastics, polymers, and composite materials. Due to the abundant hydroxyl groups present on these nanofibers, they develop a positive charge when in a water-based solution. This charge enables them to effectively attract and retain negatively charged particles. These encompass bacteria, viruses, organic and inorganic colloids, as well as negatively charged macromolecules.
b) Nano Filtration:

These nanostructured aluminum oxide fibers find application in the purification of water intended for medical and dental use. They are also utilized for the filtration and sterilization of medical serums, biological fluids, and various pharmaceutical products. Additionally, these fibers serve as effective sintering aids in the production of ceramics and fiber-reinforced plastics.
c) Nanoporous Silica-Filled Composite:

The emerging material known as nanoporous silica filled composite, though in its experimental stage, has demonstrated the ability to enhance wear resistance in posterior applications. The incorporation of nano-sized porous silica fillers facilitates the penetration of the monomer, driven by capillary forces. This process involves the monomer being drawn into and expelled from the filler, thereby strengthening the composite and augmenting the longevity of the bond between the two phases. Through the infusion of organic monomer into the pores and the integration of a light curing system, a robust organic/inorganic nanostructure is created.
d) Nanoadhesive – Poss:

Polyhedral Oligomeric Silsesquioxane (POSS) allows for the formulation of additives that result in plastics possessing exceptional traits such as reduced weight, heightened durability, heat resistance, and environmental compatibility. POSS achieves this by merging organic and inorganic elements into molecules with an average diameter of 1.5 nanometers.

These substances can serve as either supplementary components or substitutes for traditional plastics. At present, POSS finds applications in diverse areas, including dental adhesives where a robust resin establishes a sturdy connection between teeth and restorative materials. Moreover, experiments indicate that POSS materials exhibit significantly greater resistance to radiation-induced damage and erosion when compared to conventional polymers.
12) NV 101-Local Anesthetic Reversal Agent:
Novalar has introduced NV 101, an innovative compound serving as the sole local anesthetic reversal agent capable of expediting the restoration of regular sensation and functionality subsequent to restorative and periodontal maintenance treatments.
13) Gold Nanoparticles Laser Sintered to Reduce Dentinal Hypersensitivity:
Chinese researchers have effectively demonstrated the use of gold nanoparticles to obstruct these tubules. A fascinating attribute of gold at the nanoscale is its size-dependent behavior: as gold nanoparticles decrease in size, their melting point also decreases.

This departure from the conventional melting temperature becomes particularly pronounced at diameters around 5 nm, ultimately dropping to less than half of gold's bulk melting point. Dr. Chris Wang and his team explored various techniques for sealing sub-micron dentinal tubules. Among these, one method involved the application of densely concentrated gold nanoparticles onto the exposed ends of the tubules, followed by the use of laser irradiation to induce the fusion of the nanoparticles through photo thermal conversion.
14) Banking Stem Cells from Human Exfoliated Deciduous Teeth (SHED):

The accessibility of tooth-derived cells offers a convenient and minimally invasive method to procure and preserve stem cells for future applications. Opting to bank one's own tooth-derived stem cells provides a practical and uncomplicated alternative to sourcing stem cells from other types of tissues.

Gathering stem cells from human exfoliated deciduous teeth (SHED) is straightforward and gentle, causing minimal or no discomfort. Since primary teeth are naturally shed by children, this presents an ideal opportunity to collect and store this accessible reservoir of stem cells. This approach proves to be significantly more valuable than discarding the teeth or simply keeping them as sentimental keepsakes.

Moreover, utilizing one's own stem cells significantly reduces the risk of immune responses or rejection post-transplantation and eliminates the potential transmission of diseases from donor cells. Stem cells can also be obtained from developing wisdom teeth and permanent teeth. People have various windows of opportunity throughout their lives to preserve these invaluable cells. It is advisable to retrieve stem cells during a person's youthful and healthy stage, when the cells are robust and capable of active proliferation.
Advantages of banking SHED cells:
• It ensures a guaranteed match for a donor throughout one's life (autologous transplant). This approach holds several benefits, including the absence of immune reactions and tissue rejection, the elimination of the need for immunosuppressive therapy, and a significantly reduced risk of acquiring infectious diseases.
• Preserves cells before natural deterioration takes place.
• The process is simple and painless for both the child and the parent.
• Costs less than one-third of the expenses associated with cord blood storage.
• SHED, derived from adult stem cells, sidesteps the ethical concerns associated with embryonic stem cells.
• SHED cells are a complementary resource to cord blood stem cells. While cord blood stem cells have demonstrated efficacy in regenerating blood cell types, SHED cells have the potential to regenerate solid tissue types that cord blood cannot, such as connective tissues, dental tissues, neuronal tissue, and bone.
• SHED cells could also prove beneficial for close relatives of the donor, including grandparents, parents, uncles, and siblings.
15) Titanium casting:
Titanium's highly reactive nature presents both advantages and disadvantages in its utilization. To prevent oxidation and the introduction of oxygen that can lead to the embrittlement of cast metal, titanium necessitates melting in a vacuum or under inert gas. Even slight atmospheric oxygen contamination can result in substantial loss of ductility. Additionally, the molten alloy readily reacts with refractory investment materials, demanding the careful selection of compatible substances or the removal of the surface-affected metal layer, or both.

While titanium was once challenging to cast due to its relatively elevated melting point and strong chemical affinity, recent advancements in casting technology have made its casting feasible. This includes the utilization of newly developed casting equipment such as ultra high-speed centrifugal casting machines and pressure difference type casting units.

In the creation of dental castings, two main techniques are employed: pressure-vacuum casting and centrifugal casting. The metal is melted within a chamber filled with inert gas or in a vacuum using electric plasma arc or inductive heating. The molten metal is then transferred to the refractory mold either via centrifugal force or pressure-vacuum filling.
16) NTI-tss Device:

The NTI-tss Device is employed in the treatment of patients afflicted with TMD and migraine headaches. This device offers a non-invasive alternative to surgical procedures and addresses issues linked to discomfort in the Temporomandibular Joint (TMJ). Customizable to fit individual teeth, the device proves successful in alleviating the discomforts associated with TMD.



17) Air-Abrasion:
Air-abrasion represents a significant dental innovation compared to traditional dental drills, as it enables accurate removal of decay from teeth without the necessity of a local anesthetic. This technique employs bursts of compressed air along with aluminum oxide particles to address dental issues like cavities.
18) Dust free water blaster:
Water during the blasting process decreases the dust in the air.

19) Versyo.com:Heraeus-Kulzer:
Light cured acrylic resin.

20) Ni-ti:
Use of Ni-ti Clasps in removable partial dentures.






Conclusions & Summary:


The discipline of prosthodontics has undergone substantial changes over the past few decades, primarily due to advancements in new materials, techniques, preventative measures, and enhanced dental health. These changes are likely to persist and potentially introduce new initiatives. The evolution of dental implants and emerging technologies such as adhesive methods, high-strength ceramics, and CAD/CAM technologies are gradually becoming integral components of mainstream prosthodontics.

However, while these advancements have led to significant shifts in clinical practices, dental education seems to be lagging behind in various aspects. Nonetheless, the focus on pushing forward with advanced technologies in prosthodontics and related fields is expected to continue in numerous institutions. Despite this, conventional prosthodontic treatments, including removable dentures, will maintain their crucial role in everyday dentistry across most parts of the world. This scenario is often influenced by socio-political disparities.

Anticipating how the prosthodontic profession will respond to this broader perspective is challenging. Regardless, it is important to aspire to align these factors with the future evolution of prosthodontic education and research, even if existing data and ongoing trends may not yet definitively indicate such a trajectory.
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A CAD model is constructed, then converted to STL format


The RP Macine processes th STL file by creating sliced layers of the model


The first layer of the physical model is created. The model is then lowered by the thickness of the next layer , and the process is repeated untill completion of model


The model and any supports are removed. The surface of the model is then finished and cleaned.
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