

  materials-12-03575




materials-12-03575







Materials 2019, 12(21), 3575; doi:10.3390/ma12213575




Review



In Vitro Simulation and In Vivo Assessment of Tooth Wear: A Meta-Analysis of In Vitro and Clinical Research



Despina Koletsi 1[image: Orcid], Anna Iliadi 2, Theodore Eliades 1,*[image: Orcid] and George Eliades 2





1



Clinic of Orthodontics and Pediatric Dentistry, Center of Dental Medicine, University of Zurich, 8032 Zurich, Switzerland






2



Department of Biomaterials, School of Dentistry, National and Kapodistrian University of Athens, 11527 Athens, Greece









*



Correspondence: Theodore.Eliades@zzm.uzh.ch







Received: 12 October 2019 / Accepted: 29 October 2019 / Published: 31 October 2019



Abstract

:

Tooth wear may be described as a side-effect of occlusal forces that may be further induced by the common use of contemporary prosthetic materials in practice. The purpose of this systematic review was to appraise existing evidence on enamel wear from both in vitro and clinical research and explore whether evidence from these study designs lies on the same direction. Five databases of published and unpublished research were searched without limitations in August 2019 and study selection criteria included in vitro and clinical research on enamel tooth wear. Study selection, data extraction, and risk of bias assessment were done independently and in duplicate. Random effects meta-analyses of standardized mean differences (SMDs) or weighted mean differences (WMDs) with 95% confidence intervals (CIs) were conducted while a Monte Carlo permutation test for meta-regression on the exploration of the effect of the study design on the reported outcomes was planned. A total of 27 studies (23 in vitro and 4 clinical) were eligible while 12 contributed to meta-analyses. Overall, some concerns were raised for the quality of the existing evidence and the potential for risk of bias. Enamel wear (mm) of antagonist teeth was more pronounced when opposed to conventional porcelain compared to machinable ceramics (SMD = 2.18; 95%CIs: 1.34, 3.02; p < 0.001). Polished zirconia resulted in decreased volumetric enamel wear (mm3) of opposing teeth compared to pure natural enamel (SMD = –1.06; 95%CIs: –1.73, –0.39; p = 0.002). Monolithic zirconia showed evidence of enhanced potential for antagonist wear (μm) compared to natural teeth (WMD = 107.38; 95%CIs: 30.46, 184.30; p = 0.01). Study design did not reveal an effect on the tooth wear outcome for the latter comparison when both clinical and in vitro studies were considered (three studies; Monte Carlo test, p = 0.66). In conclusion, there is an overriding need for additional evidence from clinical research to substantiate the findings from the already existing laboratory simulation studies.
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1. Introduction


Tooth wear is a multi-faceted common dental condition, which constitutes a variable amount of tooth substance loss not related to cariogenic conditions. Wear may appear as a result of the effect of acid-containing solutions [1], mechanical loading and related forces generated by masticatory function within a tooth-to-tooth or tooth-to-restorative material contact interface [2], or else through abrasive effects of intermediate factors (i.e., abrasive particles) [3]. Tooth wear has been linked to several alarming or clinically disturbing conditions for the patient, namely loss of vertical dimension, disorders related to the temporomandibular joint, aesthetic considerations, or hypersensitivity [4,5]. The amount of wear is therefore evidently a significant determinant of the severity of clinical manifestations.



Currently, different types of ceramic materials as well as composite resins are used for prosthetic restorations after an increasing demand for nonmetallic dental prostheses. Massive use of dental restorations in clinical practice, through a range of different/ novel materials, such as a number of materials based on metal alloys, particle-reinforced polymers, and ceramics, have increased awareness regarding maintenance of antagonist natural tooth integrity [6,7]. Recently, advances in the development of prosthetic dental materials used as crown or bridge tooth substitutes have introduced additional considerations regarding their contact interface and possible detrimental effects on sound enamel structure. Ceramic restorations, although presenting unanimous advantages regarding their clinical performance, biotolerance, and aesthetic appearance, may still constitute materials of increased hardness, being resistant to fractures. As such, opposing enamel tooth wear might be a common side-effect [8,9]. Composite restorations may present antagonist tooth wear considerations as well. This is mainly dependent on the chemical composition of the matrix and the quality of the filler components [6,10]. It has been claimed that the inclusion of nano- or sub-micron particle-sized fillers in the composite resin may make the material more resistant to wear, thus increasing the propensity for antagonist enamel wear [11].



The dynamic interface of natural tooth enamel and prosthetic dental materials is an area subjected to certain stress conditions when natural dentition is compromised, especially following increasing years of functional capacity of the masticatory system [12]. Although most restorative materials resemble enamel, they do not necessarily have similar characteristics in terms of surface roughness, fracture toughness, and microstructural features. At a microstructural level, enamel consists of mineral rods separated by thin protein-rich sheaths [13]. The nanostructure of each rod consists of hydroxyapatite crystals separated by a thin protein layer. When axial contacts with abrasive particles occur, the enamel is affected in both micro- and nano-structural levels. Initially, a defect near the surface is caused by particle micro-indentation, followed by the apparent demineralization of an area deeper below the contact point. The shape of the demineralized region resembles a quasi-plastic zone observed in coarse grain ceramics [14].



In view of the above, research has been directed towards a more holistic evaluation of the clinical performance of various prosthetic materials used in vivo, with a more definite evaluation of possible detrimental effects on the antagonist enamel. Numerous studies have been performed in vitro, in an attempt to elucidate the wear of prosthetic restorations and opposing enamel. The preponderance of these studies have used extracted teeth specimens against prosthetic restoration materials and in vitro methods for the simulation of the masticatory cycle and chewing function [15,16,17]. Although large-scale clinical research might have been more desirable to fully integrate the perceived wear of enamel within the oral cavity equilibrium, it is indisputably more difficult to control for individual variation patterns of stomatognathic function. Thus, a limited number of clinical studies on this topic exist, compared to their in vitro design counterparts [2,18,19]. The consistency of the findings from in vitro and clinical studies is yet to be assessed and is likely to provide useful insights to the applicability and extrapolation of laboratory findings to clinical practice [8].



Therefore, the aim of this study was to systematically collect and appraise the evidence from both in vitro and clinical research on enamel tooth wear as opposed to different prosthetic restoration materials. The principal null hypothesis of this systematic review was that there was no difference in the amount of antagonist enamel tooth wear as opposed to a wide range of prosthetic restorative materials. Our further null hypothesis was that evidence from in vitro simulation and in vivo clinical assessment of tooth wear is on the same direction.




2. Materials and Methods


2.1. Protocol Registration and Reporting


This systematic review was a priori registered at the International Prospective Register of Systematic Reviews PROSPERO (registration identifier to be released), as well as at the Open Science Framework (https://osf.io/dja8h/). For reporting, the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) [20,21] were followed.




2.2. Eligibility Criteria


The following inclusion/exclusion criteria were applied for this systematic review according to the Participants, Intervention, Comparator, Outcomes (PICO) guidance [20,21], modified accordingly for the in vitro research design types:




	-

	
Study design: Clinical studies comprising randomized controlled (RCTs) studies or controlled clinical trials as well as in vitro simulation studies with extracted teeth as control groups;




	-

	
Participants: For clinical studies, participants of both sexes and of any age range were included. Prosthetic–enamel or enamel–enamel tooth interfaces were considered. For in vitro research, intact extracted human teeth of any type were considered eligible. Enamel laboratory-produced surface or cut enamel, enamel slabs, or plates were excluded;




	-

	
Intervention: Intact enamel of teeth;




	-

	
Comparator: Any type of prosthetic material or enamel antagonist; and




	-

	
Outcome(s): Enamel tooth wear was the primary outcome considered. This included assessment methods within the range of but not confined to volume loss, vertical wear, height loss, and depth wear. Roughness changes in enamel surface were not considered.










2.3. Search Strategy


An electronic search was employed within five major databases for both published and unpublished research. Medline via PubMed, Cochrane Central Register of Controlled Trials (CENTRAL), ClinicalTrials.gov (www.clinicaltrials.gov), National Research Register (ISRCTN: www.controlled-trials.com), and Open Grey were accessed between 28 July and 4 August 2019 to identify relevant research papers or study protocols (Appendix A). Representative keywords used included “tooth wear”, “enamel wear”, “in vitro simulation”, “chewing”, “mastication cycle”, and others. A full-search strategy for Medline is presented in Appendix A. Screening for eligible titles, abstracts, and full texts was initially implemented by one reviewer (DK) and confirmed by a second (AI) while any disagreements were discussed and settled through consultation with a third author (TE).




2.4. Data Extraction


Data extraction was performed independently by one reviewer (DK) and reviewed by a second (AI) and entailed extraction of relevant information on standardized piloted forms. Information on year of publication, origin, study design, sample size, method of analysis, interventions/comparators, and outcomes, as well as loading and simulation cycles for the in vitro studies were recorded. The reviewers were not blinded to the study title and authorship.




2.5. Risk of Bias Assessment within Individual Studies


For the included clinical studies, the updated Cochrane risk of bias tool (RoB 2.0) [22] was used to evaluate the perceived risk of bias within the randomized studies while the ROBINS-I tool [23] was used to assess the risk of bias on non-randomized clinical studies. Likewise, for in vitro research and as no pre-determined guidelines to assess the risk of bias exist, a modification of the Cochrane tool was implemented with an attempt to incorporate specific important elements that would help identify the presence of potential bias. These include selection bias, performance bias, attrition bias, and reporting issues. Again, the assessment of specific elements to detect potential bias was performed by one reviewer (AI) and also duplicated by a second (DK). Any discrepancies were resolved through consultation with a third reviewer (TE).




2.6. Summary Measures and Data Synthesis


Before any decision to pool data from individual studies was made, clinical heterogeneity was assessed in terms of individual trials or laboratory settings (i.e., simulation cycles, loading protocols), eligibility criteria, or data collection methods. Subsequently, statistical heterogeneity was initially examined through visual inspection of the confidence intervals (CIs) of the estimated intervention effects on the forest plots. In addition, a formal chi-square test was also conducted to assess substantial statistical heterogeneity, as indicated by a p-value below the level of 10% for the test (p < 0.10) [24]. The I2 test for homogeneity was undertaken as well.



Random effects meta-analyses were conducted as they were considered more appropriate to reflect the expected heterogeneity and variations in laboratory settings and simulation-related conditions, or between patient variability for clinical studies. As continuous outcomes were expected overall, treatment effects were calculated through pooled standardized mean differences (SMDs) or weighted mean differences (WMDs) with associated 95% confidence intervals (95% CIs) and prediction intervals where possible (at least three studies needed). The results from clinical and in vitro studies were not pooled together.




2.7. Risk of Bias Across Studies


If more than 10 studies were included in meta-analyses, publication bias was explored through standard funnel plots [25] and Egger’s regression test [26].




2.8. Additional Analyses


Sensitivity analyses were predetermined to explore and isolate the effect of studies with low risk of bias on the pooled treatment effect if both low and higher risk of bias studies were finally included. In addition, a Monte Carlo permutation test for meta-regression was planned if a sufficient number of studies that belonged to both study designs (in vitro, clinical) were retrieved, in order to inspect the effect of the design on the reported effect estimate for a specific outcome.



All analyses were undertaken in Stata version 15.1 software (StataCorp, College Station, Texas, USA).





3. Results


3.1. Search Details


In total, 1014 studies were initially retrieved after electronic and hand searching. After duplicate exclusion, and title and abstract screening, 38 records were left for full-text evaluation. Eleven papers were excluded due to reasons related to our pre-defined eligibility criteria, leaving a final number of 27 studies included in the systematic review. Of those, a preponderance of studies belonged to laboratory simulation studies (n = 23) of tooth wear, while only four were clinical studies in real-time conditions (Figure 1).




3.2. Study Design and Characteristics


Of the four clinical trials eligible for inclusion, three were randomized controlled trials while the remaining one was a non-randomized prospective clinical study. In vitro studies were conducted within years 1997 to 2019 while the four trials presented a tighter and most recent publication record and were published between 2014 and 2019. The vast majority were conducted outside European or American countries (17/27, 63%), with many representatives from Asia (Korea or India). Six studies originated from European countries (Italy, Germany, Switzerland) and the remaining four were from the United States or Brazil (Table S1).



Sample sizes for the in vitro studies ranged from 5 to 100 human premolars or molars, evidently broken down to a decreased number of teeth per comparison due to the necessity of forming different groups of small samples of the assessed numerous prosthetic materials to be examined against human enamel. As such, sample sizes per group ranged from 5 to 30 teeth. The most widely studied prosthetic material in terms of wear of the enamel of the antagonist tooth was zirconia, across different (surface) material treatments. Polished, glazed, combinations of polishing and glazing, and adjusted or unadjusted monolithic zirconia were primarily studied. Other material samples were also examined, such as lithium disilicate, feldspathic porcelain, low fusing hydrothermal ceramic, or composite materials. As for the simulation conditions, different loading cycles within the wide range of 5000 to 1,200,000 cycles were described. The loading conditions currently reported correspond to a range of nearly 10 to 340 N, while most studies reported the use of a load of nearly 50 N for clinical simulation. The latter represents the most frequent load level used for a masticatory/chewing simulator, while this numerical loading value in combination with a range of cycles of approximately 200,000 to 300,000 has been described as a potential simulation of a 1-year in vivo chewing/mastication. However, other combinations have also been reported (Table S1). The preponderance of tooth wear assessment methods constituted 3D laser or optical profilometry, laser scanner, or reflex microscope.



For the clinical studies assessing tooth wear in vivo, the three RCTs and the sole prospective non-randomized trial included a total of 10 to 30 patients, according to the individual studies, with 6 to 17 teeth contributing per group under examination. Effects of monolithic zirconia, polished zirconia, metal ceramic, and pure opposing enamel to antagonist tooth wear were studied. The duration period for assessment ranged from six months to one year, while methods for outcome assessment (i.e., enamel wear) were confined to a 3D laser scanner or desktop scanner for casts (Table S1).




3.3. Risk of Bias within Studies


The risk of bias of the in vitro studies was explored using a modified version of the Cochrane risk of bias tool. In all, the experimental conditions were explicitly described for all reported material testing, while no losses or destruction of specimens was documented that would allow for the potential of attrition bias. Blinding of the outcome assessors was not described by any of the included studies and this would raise some concerns regarding the unbiased judgement of the reported outcomes, mainly pertaining to enamel wear. Last, the reported findings of the studies were adequately supported by the respective methodologies described in the publication, although no study reported a pre-registration of the project protocol (Figure 2).



For the clinical studies, the three RCTs [2,18,19] were rated on the perceived risk of bias using the RoB 2.0 tool [22]. For two of them [2,19], concealment of the allocation sequence was not reported or implied, raising concerns about the potential for selection bias. Moreover, none reported masking of the outcome assessor, raising concerns whether knowledge of the intervention could potentially influence the assessment of the outcome. There was also no information about pre-registration of trial protocols or any pre-specified analysis plan by the researchers of each RCT finalized before any data became available for analysis (Table 1, Table S2). The sole prospective clinical trial included in this review [27] was rated according to the ROBINS-I tool [23]. Again, issues of selection bias due to confounding stemming from potential prognostic factors that were not controlled for appeared. In the same direction as the RCTs, some concerns were also noted for the potential selection of the reported results, as no registered trial protocol existed (Table 2, Table S3).




3.4. Effects of Interventions, Meta-Analyses, and Additional Analyses


In total, 13 quantitative syntheses were eligible, while all consisted of a maximum of two contributing studies. Twelve comparisons were possible for in vitro research, while only one for clinical (Table 3). In essence, 10 studies of in vitro research and two of clinical contributed to the syntheses. All related outcomes pertained to enamel wear as antagonist to prosthetic material or natural teeth, mainly expressed as vertical wear (in μm or mm) or volumetric wear (mm3).



Based on in vitro research, it was evident that a great number of comparisons between prosthetic material specimens and opposing natural tooth enamel were performed. Following the results of the formulated quantitative syntheses with at least two studies included, we recorded increased vertical tooth wear (mm) of the opposing enamel when conventional porcelain was compared to machinable ceramics (SMD = 2.18; 95%CIs: 1.34, 3.02; p < 0.001). Likewise, when polished zirconia was compared to pure natural enamel, it was evident that volumetric enamel wear (mm3) of the antagonist was increased in the natural teeth group (SMD = 1.06; 95%CIs: 0.39, 1.73; p = 0.002; Table 3). Both aforementioned comparisons showed low levels of heterogeneity, respectively, at 8.4% and 0%. Additional comparisons pertained the assessment of opposing enamel wear induced by zirconia with different types of surface treatment, such as polished-to-glazed or polished-to-polished and glazed zirconia, monolithic zirconia-to-lithium disilicate, composite resin, low-fusing hydrothermal ceramic-to-conventional porcelain, or machinable ceramics. No differences were detected for any of those comparisons with respect to different treatment outcomes pertaining to enamel wear, while highly variable levels of heterogeneity were inspected, being presented within the range of 0% to 95.4%. Other individual study considerations, not included in the meta-analyses, pertained to the comparisons of specific zirconia materials constituting different surface roughness and their effect on antagonist enamel. According to these, a smoother material surface induced decreased enamel wear [28].



Based on clinical research from one RCT [2] and one prospective non-randomized study [27], a strong effect of monolithic zirconia on antagonist wear was detected when compared to natural teeth counterparts (two studies on vertical wear μm: WMD = 107.38; 95%CIs: 30.46, 184.30; p < 0.001), for a clinically relevant time interval of 6 to 12 months (Table 3; Figure 3). Furthermore, when exploring the findings from individual clinical studies that could not be mathematically combined, it was evident that metal-ceramic crowns showed an increased capability of producing antagonist enamel wear than monolithic zirconia (p < 0.001) [2]. On the contrary, more recent findings from a 1-year RCT on the behavior of monolithic ceramic versus metal ceramic on opposing enamel demonstrated no significant differences between the two materials [18]. However, the latter study lacked formal and precise information on data variability, while any attempt to contact the authors was unsuccessful. Last, a randomized study that examined the effect of different types of polished translucent zirconia crowns showed evidence of increased antagonist enamel wear in line with the increased surface roughness of the material and phase transformation after clinical use [19].



Pre-planned analyses to explore publication bias and small study effects were ultimately not performed due to limited data and the number of studies for the quantitative syntheses. Sensitivity analyses to substantiate the robustness of our findings solely based on low risk of bias studies was also not applicable. Last, a meta-regression based on three studies did not reveal an effect of study design on the tooth wear outcome for the comparison between monolithic zirconia and natural enamel (Monte Carlo test, p = 0.66).





4. Discussion


4.1. Summary of the Evidence


The present systematic review with meta-analyses revealed a wide variety of laboratory simulation studies, following masticatory and chewing cycles, on the effect of contemporary prosthetic materials on enamel tooth wear in vitro. Likewise, effectively fewer in vivo clinical studies on the topic were retrieved and were simultaneously assessed.



The primary null hypothesis was rejected at a global level. On one side, clinical research showed evidence of increased wear of the enamel antagonist when opposed to monolithic zirconia, following comparison to natural teeth interface. On the other side, conventional ceramics were more prone to induce wear compared to machinable ceramic crowns, while surface treatment of materials through polishing methods, at least in vitro, demonstrated the capacity of the material to pertain low antagonist wear potential, even lower than human natural enamel. Effectively, when examining the effect on tooth wear from the perspective of the study design and especially with regard to monolithic zirconia, no difference was ultimately detected and the null hypothesis could not be rejected. However, this finding should probably be interpreted with caution, as a considerably low number of studies contributed to this exploratory analysis. Furthermore, if one inspects carefully the treatment effects from each one of the contributing studies [2,11,27], it is evident that the RCT bears the most pronounced effect, attesting to the capacity of monolithic zirconia to produce enamel wear [2], followed by a less evident but significant effect in the same direction stemming from the prospective non-randomized study [27]; however, the in vitro simulation study appeared to fall behind those two [11].



Overall, enamel as well as ceramic restorations wear through a similar process, whereas metal and composite restorations wear through an adhesion mechanism [29]. Gold alloys are still considered the gold standard since they resemble both enamel function and wear characteristics. Gold restorations are proven to cause less enamel wear than ceramic restorations [30]. Ceramic restorations with a smooth surface have demonstrated less tooth wear compared to rough surface porcelain. It has been claimed that increased levels of hardness of the material cannot predict or substantiate a higher wear potential against the enamel surface [3,19]. Alternative factors, such as the surface roughness of the materials, appear to possess a significant role in the determination of their capacity for antagonist enamel wear [8,19]. As such, techniques used for surface treatment of the prosthetic restorative materials, such as polishing or glazing, or intraoral aging may alter surface roughness levels and bear an effect on their wear potential [28,31]. Porcelain surface treatment (rough, polished, or glazed) has been identified as an important factor that determines enamel wear caused by ceramics. A number of studies have determined that polished ceramic surfaces cause less enamel wear than glazed surfaces [32]. In addition, the fracture toughness or flexural strength of conventional porcelain restorations may set the conditions for localized stress areas in the enamel surface that may lead to increased levels of wear. This is particularly important for feldspathic porcelain, where crystalline particles may appear after stress conditions within the material and act as an abrasive factor for the antagonist [33,34]. Conventional composite materials wear through a process on which the resin matrix is worn away and the filler particles are lost [10]. As a result, composite restorations are often excessively worn by enamel, porcelain, and other restorative materials [28]. However, highly filled posterior composites may abrade human enamel differently due to the altered size, hardness, and content of the filler particles [10]. Recently, monolithic zirconia has been used for posterior restorations because of its high fracture resistance. Zirconia restorations seem to cause less enamel wear when compared to feldspathic porcelains as well as heat-pressed lithium disilicate glass ceramics. Moreover, ceramic antagonists have been reported to experience greater volumetric loss when compared to zirconia restorations, since the complex interactions between glassy and crystalline phases in their microstructure make them more prone to microcracking and microcutting compared to zirconia. Finally, a positive correlation has been found between the surface roughness of zirconia and enamel wear [28].



An array of six global laboratory assessment methods has been described in the literature for the simulation and quantification of prosthetic material enamel wear [35]. Particularly, these constitute: the ACTA method [36], Alabama method [37], Ivoclar method [38], Munich method [39], UHSU method [40], and Zurich method [41]. Each method is characterized by a specific loading, frequency, and thermocycling protocol, or treatment of the material surface and type of outcome assessment. However, no specifically described protocols complying with the aforementioned methodologies have been followed by the primary studies included in this review. In essence, each followed a customized approach for simulation of masticatory cycle movements and assessment methodology. This was apparently a contributing factor towards the heterogeneity of the existing evidence, as well as the lack of standardization of the laboratory conditions in practice.



On the same grounds, a recent systematic review on wear diagnostics and reliability for dental materials and tissues [42] has pinpointed the imperative need for the standardization of assessment procedures and has given rise to certain methodological parameters that may contribute to the final outcome assessment. It has been apparent that accuracy considerations in isolation do not suffice, while other methodological aspects, such as the calibration procedures, the precision of scanning methodologies, and the comparable acquisition devices (i.e., profilometer) with matching software, are significant counterparts and should be considered if globally usable data are to be expected. Another source of potential bias identified by the literature is the problem of unusable data. While no reporting of missing data was recorded within the included studies of the present systematic review, there are claims that there is a non-negligible amount of data collected by researchers while conducting a laboratory or clinical project that does not ultimately contribute to the final outcome assessment or feed into the retrieved findings [43,44]. Some examples are the waste of impressions, unreliable scans, unexpected occlusal adjustments, and patient drop- outs.



In vitro research, comprising of laboratory simulation studies of the masticatory or chewing function, constitute an initial tool for the comprehension of the clinical behavior of restorative materials in practice. Up to now, there has been a paucity of clinical studies on enamel wear and this was somewhat expected if one considers the potentially uncontrolled prognostic factors and the difficulties overshadowing such efforts. Enamel tooth wear directly related to antagonist prosthetic materials/restorations or natural dentition cannot be easily isolated. Parameters, such as mastication or chewing functional capacity and occlusal forces, or more extreme conditions, such as bruxism, abrasiveness of daily diet, or anatomical considerations of the dentition, should be considered when planning forthcoming research in vivo [2,3,45]. Therefore, well-designed controlled clinical trials of a randomized and split-mouth design to eliminate selection bias are welcomed, while laboratory research characterized by the use of standardized and consistent methodology protocols and core outcome sets [46] that may reduce heterogeneity issues will support this effort.




4.2. Strengths and Limitations


This review presents several strengths. It is the first systematic review with meta-analysis and meta-regression on enamel tooth wear considering evidence from both pre-clinical (i.e., laboratory, in vitro) and clinical research. The review protocol was registered within two open repositories prior to formal initiation of the study. The search strategy was done through a comprehensive literature search within published and unpublished literature. Transparent methodologies used aimed for elimination of reporting and publication bias at the design stage.



However, the review might have been prone to certain limitations. Methodological and risk of bias issues existed for all included studies from both in vitro and clinical research and this might have influenced the perceived findings of the study. All meta-analyses were based on a small number of studies (practically two) with small sample sizes and in some cases were prone to heterogeneity. This might have a bearing on the precision of the recorded estimates and the confidence in the estimated effect. Although sensitivity analyses were initially planned, we were not able to proceed with that, as there was a paucity of trials for inclusion in the quantitative synthesis.





5. Conclusions


In light of the retrieved evidence stemming from the present systematic review, it may be confirmed that there is a great variability across prosthetic materials and their clinical or simulated behavior in relation to antagonist enamel wear. Some indicate the increased potential of certain materials for enamel wear of antagonist teeth and others highlight the between-material variations. Monolithic zirconia as well as conventional porcelain restorations showed evidence of increased wearing potential on the enamel. On the contrary, surface treatment, such as polishing of zirconia materials, was found to bear a less pronounced effect. In any case, it is evident that research on the topic should be guided by an increase in the number and quality of clinical studies that will promote and substantiate current knowledge from abundant laboratory research.
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Appendix A


MEDLINE search 28 July 2019



Limits: no language restriction applied



Publication date: no restriction



Search Builder: ‘All Fields’



Four consecutive searches combined with “AND” Boolean operator, using “OR” between free text terms or keywords:



1. tooth wear



2. enamel wear



3. accelerat* tooth wear



4. dental wear



5. 1 OR 2 OR 3 OR 4 OR 5



6. function



7. mastication



8. cyclic



9. cycle*



10. chewing



11. 6 OR 7 OR 8 OR 9 OR 10



12. in vitro



13. in- vitro



14. simulate*



15. clinical



16. clinical condition*



17. in vivo



18. in- vivo



19. 12 OR 13 OR 14 OR 15 OR 16 OR 17 OR 18



20. resin



21. composite



22. porcelain



23. zirconia



24. enamel



25. ceramic



26. 20 OR 21 OR 22 OR 23 OR 24 OR 25



27. 5 AND 11 AND 19 AND 26





References


	



Lucas, P.W.; Omar, R.; Al-Fadhalah, K.; Almusallam, A.S.; Henry, A.G.; Michael, S.; Thai, L.A.; Watzke, J.; Strait, D.S.; Atkins, A.G. Mechanisms and causes of wear in tooth enamel: Implications for hominin diets. J. R. Soc. Interface 2013, 10, 20120923. [Google Scholar] [CrossRef]

	



Mundhe, K.; Jain, V.; Pruthi, G.; Shah, N. Clinical study to evaluate the wear of natural enamel antagonist to zirconia and metal ceramic crowns. J. Prosthet. Dent. 2015, 114, 358–363. [Google Scholar] [CrossRef]

	



Oh, W.-S.; Delong, R.; Anusavice, K.J. Factors affecting enamel and ceramic wear: A literature review. J. Prosthet Dent. 2002, 87, 451–459. [Google Scholar] [CrossRef] [PubMed]

	



Olley, R.C.; Sehmi, H. The rise of dentine hypersensitivity and tooth wear in an ageing population. Br. Dent. J. 2017, 223, 293–297. [Google Scholar] [CrossRef] [PubMed]

	



Sterenborg, B.A.M.M.; Kalaykova, S.I.; Loomans, B.A.C.; Huysmans, M.-C.D.N.J.M. Impact of tooth wear on masticatory performance. J. Dent. 2018, 76, 98–101. [Google Scholar] [CrossRef] [PubMed]

	



Habib, S.R.; Alotaibi, A.; Al Hazza, N.; Allam, Y.; AlGhazi, M. Two-body wear behavior of human enamel versus monolithic zirconia, lithium disilicate, ceramometal and composite resin. J. Adv. Prosthodont. 2019, 11, 23–31. [Google Scholar] [CrossRef] [PubMed]

	



Makvandi, P.; Gu, J.T.; Zare, E.N.; Ashtari, B.; Moeini, A.; Tay, F.R.; Niu, L.-N. Polymeric and inorganic nanoscopical antimicrobial fillers in dentistry. Acta Biomater. 2019. [Google Scholar] [CrossRef] [PubMed]

	



Heintze, S.D.; Cavalleri, A.; Forjanic, M.; Zellweger, G.; Rousson, V. Wear of ceramic and antagonist—A systematic evaluation of influencing factors in vitro. Dent. Mater. 2008, 24, 433–449. [Google Scholar] [CrossRef]

	



Zandparsa, R.; El Huni, R.M.; Hirayama, H.; Johnson, M.I. Effect of different dental ceramic systems on the wear of human enamel: An in vitro study. J. Prosthet. Dent. 2016, 115, 230–237. [Google Scholar] [CrossRef]

	



Shimane, T.; Endo, K.; Zheng, J.H.; Yanagi, T.; Ohno, H. Wear of opposing teeth by posterior composite resins—Evaluation of newly developed wear test methods. Dent. Mater. J. 2010, 29, 713–720. [Google Scholar] [CrossRef]

	



Sripetchdanond, J.; Leevailoj, C. Wear of human enamel opposing monolithic zirconia, glass ceramic, and composite resin: An in vitro study. J. Prosthet. Dent. 2014, 112, 1141–1150. [Google Scholar] [CrossRef] [PubMed]

	



He, L.H.; Swain, M.V. Nanoindentation derived stress-strain properties of dental materials. Dent. Mater. 2007, 23, 814–821. [Google Scholar] [CrossRef] [PubMed]

	



Constantino, P.J.; Borrero-Lopez, O.; Pajares, A.; Lawn, B.R. Simulation of enamel wear for reconstruction of diet and feeding behavior in fossil animals: A micromechanics approach. BioEssays 2016, 38, 89–99. [Google Scholar] [CrossRef] [PubMed]

	



Lawn, B.R. Indentation of Ceramics with Spheres: A Century after Hertz. J. Am. Ceram. Soc. 2005, 81, 1977–1994. [Google Scholar] [CrossRef]

	



Stawarczyk, B.; Özcan, M.; Schmutz, F.; Trottmann, A.; Roos, M.; Hämmerle, C.H.F. Two-body wear of monolithic, veneered and glazed zirconia and their corresponding enamel antagonists. Acta Odontol. Scand. 2013, 71, 102–112. [Google Scholar] [CrossRef]

	



Chong, B.J.; Thangavel, A.K.; Rolton, S.B.; Guazzato, M.; Klineberg, I.J. Clinical and laboratory surface finishing procedures for zirconia on opposing human enamel wear: A laboratory study. J. Mech. Behav. Biomed. Mater. 2015, 50, 93–103. [Google Scholar] [CrossRef]

	



Mulay, G.; Dugal, R.; Buhranpurwala, M. An evaluation of wear of human enamel opposed by ceramics of different surface finishes. J. Indian Prosthodont. Soc. 2015, 15, 111–118. [Google Scholar] [CrossRef]

	



Esquivel-Upshaw, J.F.; Kim, M.J.; Hsu, S.M.; Abdulhameed, N.; Jenkins, R.; Neal, D.; Ren, F.; Clark, A.E. Randomized clinical study of wear of enamel antagonists against polished monolithic zirconia crowns. J. Dent. 2018, 68, 19–27. [Google Scholar] [CrossRef]

	



Yang, S.-W.; Kim, J.-E.; Shin, Y.; Shim, J.-S.; Kim, J.-H. Enamel wear and aging of translucent zirconias: In vitro and clinical studies. J. Prosthet. Dent. 2019, 121, 417–425. [Google Scholar] [CrossRef]

	



Liberati, A.; Altman, D.G.; Tetzlaff, J.; Mulrow, C.; Gøtzsche, P.C.; Ioannidis, J.P.A.; Clarke, M.; Devereaux, P.J.; Kleijnen, J.; Moher, D. The PRISMA statement for reporting systematic reviews and meta-analyses of studies that evaluate health care interventions: Explanation and elaboration. J. Clin. Epidemiol. 2009, 62, e1–e34. [Google Scholar] [CrossRef]

	



Moher, D.; Liberati, A.; Tetzlaff, J.; Altman, D.G. PRISMA Group Preferred reporting items for systematic reviews and meta-analyses: The PRISMA statement. J. Clin. Epidemiol. 2009, 62, 1006–1012. [Google Scholar] [CrossRef] [PubMed]

	



Sterne, J.A.C.; Savović, J.; Page, M.J.; Elbers, R.G.; Blencowe, N.S.; Boutron, I.; Cates, C.J.; Cheng, H.-Y.; Corbett, M.S.; Eldridge, S.M.; et al. RoB 2: A revised tool for assessing risk of bias in randomised trials. BMJ 2019, 366, l4898. [Google Scholar] [CrossRef] [PubMed]

	



Sterne, J.A.; Hernán, M.A.; Reeves, B.C.; Savović, J.; Berkman, N.D.; Viswanathan, M.; Henry, D.; Altman, D.G.; Ansari, M.T.; Boutron, I.; et al. ROBINS-I: A tool for assessing risk of bias in non-randomised studies of interventions. BMJ 2016, 355, i4919. [Google Scholar] [CrossRef] [PubMed]

	



Higgins, J.P.T.; Thompson, S.G.; Deeks, J.J.; Altman, D.G. Measuring inconsistency in meta-analyses. BMJ 2003, 327, 557–560. [Google Scholar] [CrossRef]

	



Sterne, J.A.C.; Egger, M.; Moher, D. Addressing reporting biases, Cochrane Handbook for Systematic Reviews of Intervention. In Cochrane Collaboration; Version 5.1.0; Chichester, UK, 2011; Available online: http://www.handbook.cochrane.org (accessed on 20 October 2019).

	



Egger, M.; Davey Smith, G.; Schneider, M.; Minder, C. Bias in meta-analysis detected by a simple, graphical test. BMJ 1997, 315, 629–634. [Google Scholar] [CrossRef]

	



Stober, T.; Bermejo, J.L.; Rammelsberg, P.; Schmitter, M. Enamel wear caused by monolithic zirconia crowns after 6 months of clinical use. J. Oral. Rehabil. 2014, 41, 314–322. [Google Scholar] [CrossRef]

	



Aldegheishem, A.; Alfaer, A.; Brezavšček, M.; Vach, K.; Eliades, G.; Att, W. Wear behavior of zirconia substrates against different antagonist materials. Int. J. Esthet. Dent. 2015, 10, 468–485. [Google Scholar]

	



Sulong, M.Z.; Aziz, R.A. Wear of materials used in dentistry: A review of the literature. J. Prosthet. Dent. 1990, 63, 342–349. [Google Scholar] [CrossRef]

	



Anusavice, K.J.; Shen, C.; Rawls, R. Phillips’ Science of Dental Materials, 12th ed.; Elsevier: St Louis, MO, USA, 2013. [Google Scholar]

	



Kurt, M.; Turhan Bal, B. Effects of accelerated artificial aging on the translucency and color stability of monolithic ceramics with different surface treatments. J. Prosthet. Dent. 2019, 121, 712.e1–712.e8. [Google Scholar] [CrossRef]

	



Ratledge, D.K.; Smith, B.G.; Wilson, R.F. The effect of restorative materials on the wear of human enamel. J. Prosthet. Dent. 1994, 72, 194–203. [Google Scholar] [CrossRef]

	



Ashtiani, A.H.; Azizian, M.; Rohani, A. Comparison the degree of enamel wear behavior opposed to Polymer-infiltrated ceramic and feldspathic porcelain. Dent. Res. J. 2019, 16, 71–75. [Google Scholar]

	



Lambrechts, P.; Braem, M.; Vuylsteke-Wauters, M.; Vanherle, G. Quantitative in vivo wear of human enamel. J. Dent. Res. 1989, 68, 1752–1754. [Google Scholar] [CrossRef] [PubMed]

	



Heintze, S.D.; Faouzi, M.; Rousson, V.; Ozcan, M. Correlation of wear in vivo and six laboratory wear methods. Dent. Mater. 2012, 28, 961–973. [Google Scholar] [CrossRef] [PubMed]

	



de Gee, A.J.; Pallav, P. Occlusal wear simulation with the ACTA wear machine. J. Dent. 1994, 22 (Suppl. 1), S21–S27. [Google Scholar] [CrossRef]

	



Leinfelder, K.F.; Beaudreau, R.W.; Mazer, R.B. An in vitro device for predicting clinical wear. Quint. Int. 1989, 20, 755–761. [Google Scholar]

	



Mehl, A.; Gloger, W.; Kunzelmann, K.H.; Hickel, R. A new optical 3-D device for the detection of wear. J. Dent. Res. 1997, 76, 1799–1807. [Google Scholar] [CrossRef] [PubMed]

	



Zantner, C.; Kielbassa, A.M.; Martus, P.; Kunzelmann, K.-H. Sliding wear of 19 commercially available composites and compomers. Dent. Mater. 2004, 20, 277–285. [Google Scholar] [CrossRef]

	



Condon, J.R.; Ferracane, J.L. Evaluation of composite wear with a new multi-mode oral wear simulator. Dent. Mater. 1996, 12, 218–226. [Google Scholar] [CrossRef]

	



Krejci, I.; Reich, T.; Lutz, F.; Albertoni, M. In-vitro-Testverfahren zur Evaluation dentaler Restaurationssysteme. 1. Computergesteuerter Kausimulator. Quint. Int. 1990, 100, 953–960. [Google Scholar]

	



Wulfman, C.; Koenig, V.; Mainjot, A.K. Wear measurement of dental tissues and materials in clinical studies: A systematic review. Dent. Mater. 2018, 34, 825–850. [Google Scholar] [CrossRef]

	



Heintze, S.D.; Zellweger, G.; Sbicego, S.; Rousson, V.; Muñoz-Viveros, C.; Stober, T. Wear of two denture teeth materials in vivo-2-year results. Dent. Mater. 2013, 29, e191–e204. [Google Scholar] [CrossRef] [PubMed]

	



Stober, T.; Geiger, A.; Rues, S.; Dreyhaupt, J.; Rammelsberg, P.; Ohlmann, B. Factors affecting wear of composite resin denture teeth—24-month results from a clinical study. Clin. Oral. Investig. 2012, 16, 413–420. [Google Scholar] [CrossRef] [PubMed]

	



Esquivel-Upshaw, J.F.; Young, H.; Jones, J.; Yang, M.; Anusavice, K.J. In vivo wear of enamel by a lithia disilicate-based core ceramic used for posterior fixed partial dentures: First-year results. Int. J. Prosthodont. 2006, 19, 391–396. [Google Scholar] [PubMed]

	



Clarke, M.; Williamson, P.R. Core outcome sets and systematic reviews. Syst. Rev. 2016, 5, 11. [Google Scholar] [CrossRef]








[image: Materials 12 03575 g001 550] 





Figure 1. Flow diagram of the article selection. 
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Figure 2. Risk of bias summary outlining judgment of risk of bias items for each of the included in vitro studies (n = 23). The plus sign indicates low risk of bias; the circle with a question mark indicates an unclear risk of bias. 
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Figure 3. Random effects meta-analysis to explore antagonist enamel wear (μm) for monolithic zirconia versus natural enamel in clinical studies. 
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Table 1. Risk of bias of the included randomized trials (RoB 2.0 tool).
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	Reference
	Randomization Process
	Deviations from Intended Interventions
	Mising Outcome Data
	Measurement of the Outcome
	Selection of the Reported Result
	Overall





	Esquivel- Upshaw 2018
	Low
	Low
	Low
	Someconcerns
	Someconcerns
	Some concerns



	Mundhe 2015
	Some concerns
	Low
	Low
	Some concerns
	Some concerns
	Some concerns



	Yang 2014
	Some concerns
	Low
	Low
	Some concerns
	Some concerns
	Some concerns
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Table 2. Risk of bias of the included non-randomized studies (ROBINS-I tool).
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Bias due to / in…

	




	
Confounding

	
Selection of Participants into the Study

	
Classification of Interventions

	
Deviations from Intended Interventions

	
Missing Data

	
Measurement of Outcomes

	
Selection of the Reported Result

	
Overall






	
Stober 2014

	
Moderate

	
No Information

	
Low

	
Low

	
Low

	
Moderate

	
Moderate

	
Moderate
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Table 3. Quantitative syntheses for enamel wear related to eligible outcomes/comparisons across in vitro and clinical studies.
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#

	
Study ID

	
Outcome

	
Comparison

	
SMD (95% CIs)

	
p-value

	
Heterogeneity (I2 %)






	
In vitro




	
1

	
Two studies

	
Volume wear (mm3)

	
E- PZ

	
1.06 (0.39, 1.73)

	
0.002

	
0




	
2

	
Two studies

	
Volume wear (mm3)

	
E- PGZ

	
–0.41 (–3.12, 2.30)

	
0.77

	
92.7




	
3

	
Two studies

	
Vertical wear (μm)

	
PZ- PGZ

	
0.0 (–0.59, 0.59)

	
0.99

	
0




	
4

	
Two studies

	
Volume wear (mm3)

	
PZ- PGZ

	
–3.03 (–9.20, 3.14)

	
0.34

	
95.4




	
5

	
Two studies

	
Volume wear (mm3)

	
PZ- GZ

	
–2.85 (–6.86, 1.15)

	
0.16

	
92.5




	
6

	
Two studies

	
Volume wear (mm3)

	
MZ- LD

	
–0.93 (–2.17, 0.32)

	
0.14

	
67.7




	
7

	
Two studies

	
Vertical wear (μm)

	
MZ- LD

	
–1.59 (–5.51, 2.33)

	
0.43

	
92.1




	
8

	
Two studies

	
Vertical wear (μm)

	
MZ- CR

	
0.36 (–0.39, 1.11)

	
0.34

	
0




	
9

	
Two studies

	
Vertical wear (μm)

	
LD- CR

	
1.84 (–1.97, 5.64)

	
0.34

	
91.1




	
10

	
Two studies

	
Vertical wear (mm)

	
CP- LFC

	
1.45 (–0.72, 3.62)

	
0.19

	
87.9




	
11

	
Two studies

	
Vertical wear (mm)

	
CP-MC

	
2.18 (1.34, 3.02)

	
<0.001

	
8.4




	
12

	
Two studies

	
Vertical wear (mm)

	
LFC- MC

	
0.34 (–1.7, 2.41)

	
0.75

	
89.5




	
Clinical




	

	
Study ID

	
Outcome

	
Comparison

	
WMD (95% CIs)

	
p-value

	
Heterogeneity (I2 %)




	
13

	
Two studies

	
Vertical wear (μm)

	
MZ- E

	
107.38 (30.46, 184.30)

	
0.01

	
94.5








Minus (–) sign indicates greater enamel wear caused by the second presented material; SMD, standardized mean difference; CIs, confidence intervals; E, enamel; PZ, polished zirconia; PGZ, polished glazed zirconia; GZ, glazed zirconia; MZ, monolithic zirconia; LD, lithium disilicate; CR, composite resin; CP, conventional porcelain; LFC; low-fusing hydrothermal ceramic; MC, machinable ceramic; WMD, weighted mean difference.
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