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Abstract: The purpose of this research was to forecast trends in restorative dental care over the next two decades as
well as to determine therapy goals and equivalent residential or commercial properties of restorative materials.

Methods: Using the Delphi method, a panel of 3 specialists identified 8 key questions, which were sent out to
specialists in restorative as well as preventive dentistry. In round 1 of this survey, 15 international specialists
designed a more clear semantic interpretation of the vital inquiries and also the conclusion of corresponding
products for 2 additional rounds. In round 2, 125 specialists from 35 nations ranked the products developed in
round 1 using a Likert range. In round 3, the same 125 specialists obtained the ratings of round 2 and were asked
to concur or disagree to these scores by re-voting on all key inquiries and things. A total of 105 professionals re-
voted and finally took part in the complete survey. Among the 8 vital questions, two inquiries were picked for the
here and now report: (Q1) ""What will be the future role of restorative treatment?** as well as (Q6) ""What will be
the crucial qualities for clinical success of remediations?™ For both inquiries and also the respective items, the
experts were asked to examine the importance as well as the usefulness for later estimation of the scientific worth
(i.e. the opportunity, where chance = significance + [significance — feasibility].

Outcomes. The 3 items of highest possible significance for Q1 were "preservation of existing enamel and dentin
tissue," ""prevention of secondary decays," as well as "upkeep of the pulp vigor," as well as for Q6 they were
"optimization of bond," ""biocompatibility,” and also "*lessening technological level of sensitivity."
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1. INTRODUCTION

Over the last 25 years, restorative dentistry has actually experienced impressive changes. Generally, caries has decreased
in developed countries. However, cavities is not uniformly dispersed throughout the populace however adheres to a social
gradient ™M, which can be considered one aspect that causes a phenomenon described as decays polarization where the
majority of carious lesions in a population are discovered in a small team of people (the “decay danger group”) !
Furthermore, the raising variety of elderly individuals in developed countries results in special dental health problems.
Among others, these problems include those affecting restorative dental care such as origin cavities or dental
disintegration, of which the occurrence generally seems to enhance ¥ Furthermore, other variables such as the level of
industrialization, academic condition, price levels, and visibility of government insurance program as well as
compensation systems very influence primary oral medical care. Throughout the years, dental materials for restorative
dental care have actually likewise gone through amazing modifications. The arrival of sticky dentistry together with resin
composite products allowed not just the establishment of safety nets such as pit as well as fissure securing but also
enabled less intrusive and extremely aesthetic remediations. However, new resin-based composite materials currently give
only incremental developments due to a highly competitive market with the requirement for relatively short product
cycles.
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In which way will restorative dental care generally and restorative materials particularly adjustment in the future? A
clarification of these trends would certainly be helpful for medical care authorities, education and learning staff at
universities, and also dental business in order to establish the best structure and also to ensure that the capacities of dental
students today along with restorative materials will certainly satisfy tomorrow's demands. One feasible approach for a
commentary of patterns may be gotten to with a Delphi study. The study is a systematic interactive forecasting as well as
consensus approach based upon independent input of selected professionals. Originally established throughout the cold
war ! Delphi surveys have actually been used for technical fore- casting. It is currently widely used in fields such as
education, service, economics, or social scientific research to get to consensus among experts. The Delphi study has
actually likewise been used in dental care ") for decision-making in the lack of quantitative scientific information.

The aim of the here and now research was to forecast fads in restorative dental care over the following twenty years and
also to identify therapy goals and equivalent homes of restorative materials.

2. MATERIALS AND METHODS

A panel of 3 specialists (group consisting of among the authors (M.J.N.)-- led by the experienced facilitator M.J.N.)
recognized 8 key concerns , which were piloted with a team of 10 dental professionals working at the University of
Cologne, Germany. Upon fine-tuning the 8 crucial questions, the Internet-based Delphi study was started with 20 hand-
selected global experts in restorative and precautionary dentistry (round 1). Option requirements for these specialists
were: (i) great command of English, (ii) know-how in operative/preventive dental care as shown by magazines (PubMed),
(iii) expertise demonstrated by magazine of literary works testimonials or essays, and also (iv) directly known to the
present writers in an expert capability. Fifteen specialists from 10 nations approved the invitation and took part in the first
round of the Delphi study. All input obtained from the specialists was based on their personal viewpoint without any pre-
readings or literary works suggestions offered by the existing authors. The participants received no reimbursement but
were provided unique access to the results of the research before magazine.

Round 1 caused the growth of a survey including more clear semantic interpretations of the vital concerns and the
completion of corresponding products for the two additional rounds.

For round 2, 175 experts were contacted of whom 125 agreed to participate based on their scientific interest in the results
without being offered a reimbursement (response rate=71%). The selection criteria for experts in rounds 2 and 3 were: (i)
good command of English, (ii) expertise in operative/preventive dentistry as indicated by publications (PubMed) and (iii)
personally known to at least one of the present authors in a professional capacity. The distribution of experts, who covered
35 countries (located in Europe, North and South America, Asia, the Middle East, Australia, New Zealand, and Africa), as
well as the experts’ specialties . The design of the study required that all participants corresponded individually without
officially knowing the identity of the other experts, in order to avoid a “band-wagon effect” in their responses.

The experts rated the closed-ended items developed in round 1 for the 8 key questions using a Likert scale (level of
agreement 1 [low]-4 [high]). The complete questionnaire can be found in the online supplementary material of this
publication.

In round 3, the same 125 experts received the ratings of round 2 and were asked to agree or disagree to these ratings by re-
voting on all key questions and respective items. Finally, 105 experts took part in the complete survey (response rate =
84%). Among the 8 key questions, the following 2 questions were selected for this report in order to reflect on restorative
dentistry in general and restorative materials in particular: (Q1) “What will be the future role of restorative treatment?”
and (Q6) “What will be the key qualities for clinical success of restorations?” . A detailed report regarding the ratings for
all other key questions and items can be found in the online supplementary material of this publication.

For all items of the two key questions mentioned above, the experts were asked to rate “importance” and “feasibility” on a
Likert scale (level of agreement 1 [low]—4 [high]). Based on the assumption that a high attraction for an item (i.e. a high
“importance”) combined with a low degree of expected fulfillment (i.e. low “feasibility”) results in high scientific value
(i.e. high “opportunity”) for researchers and for dental companies, the “opportunity” was calculated based on the Harvard
Business algorithm used for industrial product developments: opportunity = importance + (importance — feasibility) 81,

2.1. Statistics

For the analysis of the results, descriptive statistics were used. In order to obtain a ranking of “importance” and
“feasibility” of items, mean values were calculated. The mean values for “importance” and “feasibility” then allowed for
determination of “opportunity.”

3. RESULTS
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All 8 key questions developed by the experts in round 1 were considered important. This was expressed by the fact that
the mean values of importance for all respective items ranged between 2.8 and 3.8 (Likert scale 1-4). However, two key
questions were selected for this report: key question Q1 and Q6. The three most important items for key question Q1 (i.e.
"What will be the future role of restorative treatment?") were "preservation of existing enamel and dentin tissue,"
"prevention of secondary caries," and "maintenance of pulp vitality" .

The three most important items for key question Q6 (i.e. "What will be the key qualities for clinical success of
restorations?") were "optimization of adhesion,"” "biocompatibility,” and "minimizing technical sensitivity" .

On one hand, an overlaying of ratings for "importance" with ratings for "feasibility" gives an impression of which items
are important but have been fairly well addressed (items with a high importance but also with a high feasibility; i.e. items
with a low opportunity). For Q1, these items were in particular "improvement of esthetics," "restoration of lost tooth-
anatomy," and "repair of insufficient restorations," and for Q6 the items were "improved wear resistance," "reduction of
treatment steps and components,” and "improved color/shade stability" . On the other hand, this overlaying also gives an
impression of which items are important but have not or have only insufficiently been addressed so far. Based on the
Harvard Business algorithm (opportunity= importance+( importance — feasibility)) , items with the highest opportunity
(i.e. with a high importance but a low feasibility) for Q1 were "pulp-dentin complex regeneration,” "prevention of
secondary caries or new lesions in the neighborhood of existing restorations,” and "maintenance of pulp vitality.” Items
with the highest opportunity for Q6 were "lowered risk for secondary caries,” "minimizing technical sensitivity,” and
"resistance to saliva and blood contamination.”

4. DISCUSSION

The here and now investigation is based on a Delphi survey whose purpose was to give predictions by consensus amongst
125 specialists in operative/preventive dentistry on just how restorative dentistry and also restorative materials will
certainly transform in the following twenty years.

The Delphi study technique was the methodology selected for this research study for two major factors. To start with, the
technique permits the conversion of qualitative input into a quantitative quote and second of all, it enables the collection
of independent inputs from experts before reaching consensus " As the professionals were not formally aware of each
various other's involvement they were able to give an independent anonymous input. This can be considered a benefit
over round table talk about- ions or agreement conferences, which bring a terrific likelihood that the most respected
professionals lead the team towards their point of view--a sensation referred to as personal intimidation bias [
Additionally, the Delphi survey permits the neglect of the geographical distance of participants

Professionals of today research study were asked to rate the items pertaining to 2 dimensions, i.e. "relevance” and also
"expediency.” A comparable strategy has been utilized by other investigators in a Delphi study ™ These two
measurements can be utilized to assess which of the things might have which level of “clinical worth” (i.e. "chance").
Hence, things with a low possibility explain facets being perceived as having a high value yet these aspects might
currently remain in the process of being resolved or almost fixed. In today study, the specialists considered this mainly to
be the instance for the things "improvement of esthetics,” "repair of shed tooth makeup," and "fixing of insufficient
restorations" .

as well as for the items "boosted wear resistance," "reduction of treatment steps and also components,” as well as
"improved color/shade stability" . Indeed, presently available material composite materials reveal suitable esthetics as
well as dependable clinical results 2 This is primarily supported by the fact that today material composite products have
actually become the product of selection also for posterior remediations in some if not most of the European nations ™%
This trend appears to be validated by clinical researches on the durability of posterior reconstructions reporting that
material composite restorations have equivalent annual failing prices (1-3%) compared to amalgam *2** ! and also
indirect restorations ™. The major factor for failures reported in the clinical literature still seems to be additional cavities
as well as an absence of mechanical toughness instead of absence of wear resistance or esthetic lasting results, which may
have developed the skilled viewpoint of today research 127181

Standing for efforts to develop bioactive restorative materials. It needs to be born in mind that the bioactive effect via
such added constituents can compromise other essential and already-established buildings of these products such as
esthetics and also mechanical homes.
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For both key concerns of this record, a high possibility was also determined for the avoidance of second cavities (i.e. the
product "prevention of second decays or brand-new sores in the community of existing reconstructions™ for essential
question Q1 and also the thing "decreased danger for second cavities" for essential question Q6). A reduction of
additional caries or brand-new carious lesions in the neighborhood of existing repairs might be accomplished by fluoride
launch from restorative products. Fluoride launch from restorative materials has the prospective to achieve a
remineralization of the tooth compound as well as to avoid additional cavities or new carious sores. However, the clinical
cavities preventive impact of fluoride-releasing dental materials has been gone over with much debate 2 .Nevertheless,
there is assistance from sitting as well as clinical research study for a preventative result of fluoride-releasing products
such as glass ionomers, resin-modified glass ionomers ! and compomers ?*2*! on the tooth material of adjacent teeth.
Hence, fluoride-releasing resin composite materials might offer a similar advantage. Apart from fluoride, the launch of
calcium and phosphate from resin composite products additionally has the intended objective of attaining a
remineralization of the tooth material and to avoid additional caries or new rancid lesions.

Numerous current researches checked out restorative products consisting of calcium fluoride and/or calcium phosphate
(Nano-) bits as well as aside from a likely remineralization of the tooth substance, these recently created compounds were
reported to have appealing anti-bacterial residential or commercial properties incorporated with good load-/ stress-bearing
capacities ?**% Different various other techniques for anti-bacterial restorative products can be found in the literature.
Antibacterial resin composite materials may, as an example, include 12-methacryloyloxydodecylpyridinium bromide
(MDPB) B** methacryloxylethyl cetyl dimethyl ammonium chloride (DMAE-CB) B or cetylpyridinium chloride
(CPC) ¥ Additionally, antibacterial homes of resin composite products can likewise be supplied by, for example, the
admixture of silver bits or silver-supported antibacterials, of alkylated ammonium chloride derivatives B!, or of
chlorhexidine diacetate ?®* This broad variety of approaches for antibacterial restorative materials reported in the
literary works supports the rating of today study, in which both products regarding avoidance of additional cavities were
recognized as having a high chance.

For the second crucial question chosen for this report , 2 more items were recognized as having a high chance. These
products were "lessening technical level of sensitivity" as well as "resistance to saliva as well as blood contamination™ .
Actually, the use of resin composite products particularly is still susceptible to handling errors. According to a recently
published literary works evaluation on the longevity of posterior resin composite restorations, their survival is influenced
by clinical variables such as cavity size, high quality, as well as method of the driver, yet additionally socioeconomic,
demonstration- graphic, as well as behavioral factors of the patient (decays danger) 2 As a result, dental companies
continuously pursue simplifications, such as reduced therapy steps for adhesive systems, the growth of self-adhesive/self-
adherent material composites, or easy to apply bulk-fill products. Nonetheless, the technical level of sensitivity of material
composite materials continues to be as well as is also closely related to the product saliva and/or blood contamination.

Regardless of a number of in vitro researches, systematic clinical research study on exactly how saliva contamination
impacts restorative treatment utilizing different materials is unusual-most probably due to honest reasons. These in vitro
researches exposed that for some of the examined adhesive systems as well as material compounds, saliva contamination
appeared to be less problematic than contamination with blood % Nonetheless, the bonding performance of these items
will certainly still be endangered by contamination ¥ As every dental professional needs to handle unplanned dental
caries contamination, the availability of either less saliva- and also blood-sensitive materials or quick as well as easy to
use products could aid to raise the top quality of restorative dental care.

5. CONCLUSIONS
Standard material properties and esthetics will keep their importance but are already perceived to be on a high level.

Bioactivity toward the pulp-dentin complex and prevention of secondary caries were rated as having the highest potential
for the improvement of future restorative treatment in general and as key properties for future restorative materials.

Minimizing technical sensitivity and increasing resistance to blood and saliva are desired but perceived as less likely to be
achieved.
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