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Introduction 
 
The first glass ceramic with lithium (di)silicate (LiSi(2)) as the main component of the 
crystalline phase was introduced to the market in 1998. In 2005 modified versions 
with improved optical properties [1,2] were launched. In 2013 a reinforced lithium 
silicate glass-ceramic with a 10% zirconium dioxide content was introduced [3,4]. The 
zirconia particles are incorporated to strengthen the ceramic structure by stopping 
crack propagation [5]. This composition is intended to combine the positive 
mechanical properties of zirconium oxide with the glass-ceramic aesthetics [6–8]. 
Further LiSi(2) variations are co-crystallized ceramics e.g. with Al2O3 (LiAlSi2O6). 
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Due to their aesthetic and mechanical properties, as well as the possibility of 
chairside production, LiSi(2) restorations are very popular. According to a survey 
among 1.000 dentists in Germany, LiSi(2)had a share of 20% across all types of 
restorations in 2017 and 25% of those surveyed expect a further increase. LiSi(2) has 
thereby largely replaced other glass ceramics due to its higher strength and extended 
range of indications [9].  

LiSi(2) have proven to be very durable. In a long-term study over 16.9 years with 2392 
restorations made of IPS e.max Press by Malament et al., no further failures could be 
observed after 8 years [10]. During this long-term use under functional conditions in 
the oral cavity, both the restorations and their antagonists are constantly exposed to 
tribological, thermical and chemical stress. Reported clinical failures are restoration 
fracture, chipping, abrasion, discoloration, or biological failure as secondary caries. 
The question arises how the interaction of LiSi(2)with less hard and abrasion- and 
attrition-resistant natural teeth after years in use leads to complications and possibly 
even changes in the masticatory system on the anatomical and functional level 
[11,12]. 

 

Review objectives 
 
The intended overview of systematic reviews shall point out long-term clinical 
outcome and complications of tooth- or implant supported multi- and single-unit 
lithium (di)silicate restorations and discuss whether the conceivable range of possible 
complications and effects on the stomatognathic system is documented in the 
literature. 

Methods 
 
The overview follows the pilot checklist with Preferred Reporting Items for overviews 
of systematic reviews (PRIO-harms) [13]. The protocol was developed according to 
the PRISMA-P reporting guideline [14]. It will be registered and published 
prospectively. 

Eligibility criteria 
Systematic reviews reporting on clinical outcomes and complications of tooth- or 
implant-supported lithium (di)silicate based fixed prosthodontic restorations in 
humans will be included. To achieve high sensitivity, no other restrictions will be 
applied. PICOS is defined as depicted in table 1. For updated reviews that were 
carried out at different points in time only the most recent publication will be included. 
When publications are available in multiple languages, only the English version will 
be included.  
 
Search strategy 
We will search MEDLINE via OVID, Embase via OVID, Trip Pro Medical Database, 
Epistemonikos Database and Cochrane Database of Systematic Reviews (via 
Cochrane Library/Wiley). Date of publication or language will not be restricted. An 
initial search strategy aiming at high sensitivity will be developed for MEDLINE using 
text words and MESH subject headings. Once it is finalized this strategy will be 
adapted to the syntax and controlled vocabulary of the other databases. We are not 
aware of recent comparative evaluations of search filters for systematic reviews. 
Therefore, for MEDLINE and Embase we will use the sensitive filter of Canada’s 
Agency for Drugs and Technologies in Health (CADTH) [15]. A draft search strategy 
for MEDLINE is listed in Appendix 1. This strategy builds upon those by Poggio et al. 
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[16] and Laumbacher et al. [17]. The electronic searches will be complemented by 
searches of the bibliographies of all included reviews for additional relevant articles 
and forward snowballing using PubMed functions “Cited by” and “Similar articles” 
[18,19]. Results will be transferred to Citavi (Swiss Academic Software GmbH 
Wädenswil, Switzerland) and duplicates removed. 
Records will be screened in a first round by titles and abstracts followed by a second 
round of study selection based on the full text. In each round selection will be done 
by two authors independently and blinded using the collaboration tool Rayyan [20]. 
Conflicting votes found after unblinding will be resolved by discussion. Cohen’s 
kappa will be calculated. Full texts, which do not meet the eligibility criteria will be 
excluded. The process for selecting studies will be outlined in a PRISMA flow 
diagram (Fig. 1). 

Outcomes 
Outcomes, which are considered are clinical survival rate and incidence of technical, 
aesthetical and/or biological complications. Survival is defined as the restoration 
being clinically acceptable in situ for the follow-up time without refabrication. 
Complication is defined as one or more events affecting function and/or aesthetics 
negatively and/or resulting in biological pathologies [21].  

Methodological quality 
To assess the methodological quality and risk of bias of included systematic reviews, 
the AMSTAR 2 critical appraisal tool for systematic reviews will be used [22].  

Data collection process and data items 
Data will be collected using Excel spreadsheets (Microsoft). The following information 
will be extracted from systematic reviews: first author, title, year of publication, PMID, 
DOI, objective, included studies, types of studies, period of studies, type of 
restoration, region of restoration (anterior/posterior), reporting items, materials, 
fabrication (CAD/CAM or pressed), luting procedure, luting material, number of 
patients, number of restorations, follow up time, survival, technical complications, 
biological complications, aesthetic complications. Complications will be noted solely 
for lithium (di)silicate restorations if possible. All primary studies on lithium (di)silicate 
included in the systematic reviews will be retrieved if possible and the following 
information extracted: first author, year of publication, PMID, DOI, study design, type 
of restoration, veneered or monolithic restorations, material, surface treatment 
(polished or glazed), number of patients, number of restorations, follow-up, survival, 
success, and complications. When different numbers of patients or restorations at 
baseline and follow-up are provided, numbers at latest follow-up are selected. Data 
extraction will be done by one author and overseen by two additional reviewers.  

Data analysis 
We will provide matrix of evidence tables listing the references/studies included in 
each of the systematic reviews and assess the extent of primary study overlap. Data 
will be grouped according to type of restoration and material. It will not be statistically 
analyzed because of expected heterogeneity. 
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Table 1. PICOS framework 
 

P (Population) Subjects who received single or multi-unit fixed prosthodontic 
restorations 

I (Intervention) Lithium (di)silicate based restorations 

C (Comparison) Other types of restorative material or no comparison 

O (Outcome) Clinical survival and technical, biological or aesthetic complications 

S (Studies) Systematic reviews 
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Figure 1. PRISMA 2020 flow diagram for new systematic reviews which included searches of databases, registers and other sources 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

*Consider, if feasible to do so, reporting the number of records identified from each database or register searched (rather than the total number across all databases/registers). 
**If automation tools were used, indicate how many records were excluded by a human and how many were excluded by automation tools. 

From:  Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ 
2021;372:n71. doi: 10.1136/bmj.n71. For more information, visit: http://www.prisma-statement.org/ 
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Appendix 1. Draft search strategy for MEDLINE (Ovid) 
 
1 exp Crowns/ 
2 exp Denture, Partial, Fixed/ 
3 exp Inlays/ 
4 exp Dental Veneers/ 
5 Dental Abutments/ 
6 exp Dental Implants/ 
7 Dental Prosthesis, Implant-Supported/ 
8 ((dent$ or oral$ or t??th) adj5 crown$).ti,ab,kf.  
9 ((dent$ or oral$ or t??th) and (implant$ or abutment$)).ti,ab,kf.  
10 veneer$.ti,ab,kf.  
11 dental laminate$.ti,ab,kf.  
12 (indirect adj5 restor$).ti,ab,kf.  
13 (Onlay$ or inlay$ or overlay$ or partialcrown$ or tabletop$ or (partial$ adj3 crown$)).ti,ab,kf.14
 "fixed partial denture$".ti,ab,kf.  
15 "fixed dental prosthes$".ti,ab,kf.  
16 ((dent$ or t??th or fixed or resin or maryland or rochette) adj5 (bridge$ or pontic$)).ti,ab,kf. 
17 (prosthodontic adj3 fix$ adj3 restor$).ti,ab,kf.  
18 ((monolithic or anatomic) adj3 restor$).ti,ab,kf.  
19 ((FPD$ or FDP$) and (dental or t??th)).ti,ab,kf.  
20 or/1-19 [Population: Fixed prosthodontic restorations]  
21 exp Ceramics/  
22 Silicates/  
23 Aluminum Silicates/  
24 Lithium Compounds/  
25 (lithia disilicate or Lithium disilicate or UNII-PDM70D5IQL or PDM70D5IQL or "E max cad" or 

"OPC 3G" or Lithium silicate or Li2Si2O5 or Silicic acid H2Si2O5 dilithium salt or Silicic acid 
H2Si2O5 lithium salt or "13568-46-2").rn,nm. [fields Registry Number/Name of Substance 
(Word); synonyms from PubChem] 

26 "66402-68-4".rn. [CAS registry number]  
27 "266-340-9".rn. [EC number]  
28 "101943115".rn. [PubChem CID]  
29 (ceramic$ or allceramic$ or porcelain$).ti,ab,kf.  
30 (lithi$ or sili$ or disili$ or LiSi or LiAlSi or Li2Si2O5).ti,ab,kf.  
31 (metal-free or metalfree or non-metal or nonmetal).ti,ab,kf.  
32 ("e max" or emax or celtra or tessera or suprinity or zls).ti,ab,kf.  
33 (empress2$ or "empress 2").ti,ab,kf.  
34 or/21-33 [Intervention: Lithium (di)silicate based restorations]  
35 (systematic review or meta-analysis).pt. or (meta-analysis/ or systematic review/ or systematic 

reviews as topic/ or meta-analysis as topic/ or "meta analysis (topic)"/ or "systematic review 
(topic)"/ or exp technology assessment, biomedical/ or network meta-analysis/) or 
((systematic* adj3 (review* or overview*)) or (methodologic* adj3 (review* or 
overview*))).ti,ab,kf,kw. or ((quantitative adj3 (review* or overview* or synthes*)) or (research 
adj3 (integrati* or overview*))).ti,ab,kf,kw. or ((integrative adj3 (review* or overview*)) or 
(collaborative adj3 (review* or overview*)) or (pool* adj3 analy*)).ti,ab,kf,kw. or (data synthes* 
or data extraction* or data abstraction*).ti,ab,kf,kw. or (handsearch* or hand 
search*).ti,ab,kf,kw. or (mantel haenszel or peto or der simonian or dersimonian or fixed 
effect* or latin square*).ti,ab,kf,kw. or (met analy* or metanaly* or technology assessment* or 
HTA or HTAs or technology overview* or technology appraisal*).ti,ab,kf,kw. or (meta 
regression* or metaregression*).ti,ab,kf,kw. or (meta-analy* or metaanaly* or systematic 
review* or biomedical technology assessment* or bio-medical technology 
assessment*).mp,hw. or (medline or cochrane or pubmed or medlars or embase or 
cinahl).ti,ab,hw. or (cochrane or (health adj2 technology assessment) or evidence report).jw. 
or (comparative adj3 (efficacy or effectiveness)).ti,ab,kf,kw. or (outcomes research or relative 
effectiveness).ti,ab,kf,kw. or ((indirect or indirect treatment or mixed-treatment or bayesian) 
adj3 comparison*).ti,ab,kf,kw. or (multi* adj3 treatment adj3 comparison*).ti,ab,kf,kw. or (mixed 
adj3 treatment adj3 (meta-analy* or metaanaly*)).ti,ab,kf,kw. or umbrella review*.ti,ab,kf,kw. or 
(multi* adj2 paramet* adj2 evidence adj2 synthesis).ti,ab,kw,kf. or (multiparamet* adj2 
evidence adj2 synthesis).ti,ab,kw,kf. or (multi-paramet* adj2 evidence adj2 



  

synthesis).ti,ab,kw,kf. [Filter for Systematic Reviews/Meta-Analysis/Health Technology 
Assessment  OVID Medline, Embase, PsycINFO. Statement 17 with a PsycINFO-specific field 
code deleted. Source: Strings attached: CADTH database search filters (Internet). Ottawa: 
CADTH; 2021. Available from: https://www.cadth.ca/resources/finding-evidence/strings-
attached-cadths-database-search-filters#syst (Cited 2021-11-03).]  

36 20 and 34 [Population AND Intervention]  
37 35 and 36 [Population AND Intervention AND Study Type]  

 
 
 
 

References 
[1] F. Zarone, M.I. Di Mauro, P. Ausiello, G. Ruggiero, R. Sorrentino, Current status on 

lithium disilicate and zirconia: a narrative review, BMC Oral Health 19 (2019) 134. 
https://doi.org/10.1186/s12903-019-0838-x. 

[2] S. Reich, L. Endres, C. Weber, K. Wiedhahn, P. Neumann, O. Schneider, N. Rafai, S. 
Wolfart, Three-unit CAD/CAM-generated lithium disilicate FDPs after a mean 
observation time of 46 months, Clin. Oral Investig. 18 (2014) 2171–2178. 
https://doi.org/10.1007/s00784-014-1191-8. 

[3] H. Riquieri, J.B. Monteiro, D.C. Viegas, T.M.B. Campos, R.M. de Melo, G. de Siqueira 
Ferreira Anzaloni Saavedra, Impact of crystallization firing process on the microstructure 
and flexural strength of zirconia-reinforced lithium silicate glass-ceramics, Dent. Mater. 
34 (2018) 1483–1491. https://doi.org/10.1016/j.dental.2018.06.010. 

[4] F. Zarone, G. Ruggiero, R. Leone, L. Breschi, S. Leuci, R. Sorrentino, Zirconia-reinforced 
lithium silicate (ZLS) mechanical and biological properties: A literature review, J. Dent. 
109 (2021) 103661. https://doi.org/10.1016/j.jdent.2021.103661. 

[5] E.T.P. Bergamo, D. Bordin, I.S. Ramalho, A.C.O. Lopes, R.S. Gomes, M. Kaizer, L. Witek, 
E.A. Bonfante, P.G. Coelho, A.A. Del Bel Cury, Zirconia-reinforced lithium silicate crowns: 
Effect of thickness on survival and failure mode, Dent. Mater. 35 (2019) 1007–1016. 
https://doi.org/10.1016/j.dental.2019.04.007. 

[6] R. Belli, M. Wendler, D. de Ligny, M.R. Cicconi, A. Petschelt, H. Peterlik, U. Lohbauer, 
Chairside CAD/CAM materials. Part 1: Measurement of elastic constants and 
microstructural characterization, Dent. Mater. 33 (2017) 84–98. 
https://doi.org/10.1016/j.dental.2016.10.009. 

[7] S.E. Elsaka, A.M. Elnaghy, Mechanical properties of zirconia reinforced lithium silicate 
glass-ceramic, Dent. Mater. 32 (2016) 908–914. 
https://doi.org/10.1016/j.dental.2016.03.013. 

[8] T. Traini, B. Sinjari, R. Pascetta, N. Serafini, G. Perfetti, P. Trisi, S. Caputi, The zirconia-
reinforced lithium silicate ceramic: lights and shadows of a new material, Dental 
Materials Journal 35 (2016) 748–755. https://doi.org/10.4012/dmj.2016-041. 

[9] J. Dettinger, F. Pfefferkorn, B. Reiss, M. Kern, Vollkeramische Restaurationen in der 
niedergelassenen Praxis: Wie werden Werkstoffe ausgewählt? Was hat sich bewährt?, 
Quintessenz 70 (2019) 1222–1230. 

[10] K.A. Malament, M. Margvelashvili-Malament, Z.S. Natto, van Thompson, D. Rekow, W. 
Att, Comparison of 16.9-year survival of pressed acid etched e.max lithium disilicate 
glass-ceramic complete and partial coverage restorations in posterior teeth: 
Performance and outcomes as a function of tooth position, age, sex, and thickness of 



  

ceramic material, J. Prosthet. Dent. 126 (2021) 533–545. 
https://doi.org/10.1016/j.prosdent.2020.08.013. 

[11] N.C. Lawson, R. Bansal, J.O. Burgess, Wear, strength, modulus and hardness of 
CAD/CAM restorative materials, Dent. Mater. 32 (2016) e275-e283. 
https://doi.org/10.1016/j.dental.2016.08.222. 

[12] L. Shen, F. Barbosa de Sousa, N. Tay, T.S. Lang, V.L. Kaixin, J. Han, L. Kilpatrick-Liverman, 
W. Wang, S. Lavender, S. Pilch, H.Y. Gan, Deformation behavior of normal human 
enamel: A study by nanoindentation, Journal of the Mechanical Behavior of Biomedical 
Materials 108 (2020) 103799. https://doi.org/10.1016/j.jmbbm.2020.103799. 

[13] K.I. Bougioukas, A. Liakos, A. Tsapas, E. Ntzani, A.-B. Haidich, Preferred reporting items 
for overviews of systematic reviews including harms checklist: a pilot tool to be used for 
balanced reporting of benefits and harms, J. Clin. Epidemiol. 93 (2018) 9–24. 
https://doi.org/10.1016/j.jclinepi.2017.10.002. 

[14] D. Moher, L. Shamseer, M. Clarke, D. Ghersi, A. Liberati, M. Petticrew, P. Shekelle, L.A. 
Stewart, Preferred reporting items for systematic review and meta-analysis protocols 
(PRISMA-P) 2015 statement, Syst Rev 4 (2015) 1. https://doi.org/10.1186/2046-4053-4-
1. 

[15] CADTH, SR / MA / HTA / ITC - MEDLINE, Embase, PsycInfo. In: CADTH Search Filters 
Database, 2022. https://searchfilters.cadth.ca/link/33 (accessed 11 August 2022). 

[16] C.E. Poggio, C. Ercoli, L. Rispoli, C. Maiorana, M. Esposito, Metal-free materials for fixed 
prosthodontic restorations. [Review], Cochrane Database of Systematic Reviews 12 
(2017) CD009606. https://doi.org/10.1002/14651858.CD009606.pub2. 

[17] H. Laumbacher, T. Strasser, H. Knüttel, M. Rosentritt, Long-term clinical performance 
and complications of zirconia-based tooth- and implant-supported fixed prosthodontic 
restorations: A summary of systematic reviews, J. Dent. 111 (2021) 103723. 
https://doi.org/10.1016/j.jdent.2021.103723. 

[18] J. Lin, W.J. Wilbur, PubMed related articles: a probabilistic topic-based model for 
content similarity, BMC Bioinformatics 8 (2007) 423. https://doi.org/10.1186/1471-
2105-8-423. 

[19] J. Hirt, T. Nordhausen, C. Appenzeller-Herzog, H. Ewald, Citation tracking for systematic 
literature searching: a scoping review, 2022. 

[20] M. Ouzzani, H. Hammady, Z. Fedorowicz, A. Elmagarmid, Rayyan-a web and mobile app 
for systematic reviews, Syst Rev 5 (2016) 210. https://doi.org/10.1186/s13643-016-
0384-4. 

[21] M. Laske, N.J.M. Opdam, E.M. Bronkhorst, J.C.C. Braspenning, M.C.D.N.J.M. Huysmans, 
The differences between three performance measures on dental restorations, clinical 
success, survival and failure: A matter of perspective, Dent. Mater. 35 (2019) 1506–
1513. https://doi.org/10.1016/j.dental.2019.07.010. 

[22] B.J. Shea, B.C. Reeves, G. Wells, M. Thuku, C. Hamel, J. Moran, D. Moher, P. Tugwell, V. 
Welch, E. Kristjansson, D.A. Henry, AMSTAR 2: a critical appraisal tool for systematic 
reviews that include randomised or non-randomised studies of healthcare 
interventions, or both, BMJ (Clinical research ed.) 358 (2017) j4008. 
https://doi.org/10.1136/bmj.j4008. 

 


