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Review

INTRODUCTION

Lithium disilicate glass–ceramics have been widely used 
in dental practice due to their appropriate performance as 
a restorative material.[1‑3] Lithium disilicate is nonmetallic 
inorganic ceramic material, synthetic, with a crystalline 

phase.[1,3] The composition includes silicon dioxide–
lithium oxide (SiO2‑Li2O) glass‑ceramics, aluminum oxide 
(Al2O3), and potassium oxide (K2O) used to improve the 
chemical durability and phosphorous pentoxide (P2O5) 
and zirconium dioxide (ZrO2) that promote crystallization 
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process.[1,3,4] The amount (% by weight) of  these 
components is responsible for optical and mechanical 
properties.[3,4] The evolution of  lithium disilicate 
provided their production of  different modalities, such as 
heat‑press or computer‑aided design/computer‑assisted 
manufacturing (CAD/CAM) manufacturing.[4] These 
characteristics provide an excellent chemical durability, 
high strength, and capacity to mimic the natural teeth’ 
optical characteristics to lithium disilicate,[1,2,4] increasing 
the application in all‑ceramic restorations such as veneers, 
inlays, onlays, anterior and posterior single crowns and 
multiple‑unit bridges.[3] 

Lithium disilicate restorations are sensitive to the 
processing method.[2,4,5] Therefore, the same material with 
the similar chemistry and microstructure may influence 
the final properties and clinical success, depending on the 
processing methodology used to produce the restoration.[4] 
The CAD/CAM technology came with the proposal to 
produce restorations with greater accuracy in a fast and 
reproducible way.[2,6] However, they can also cause damage 
to the prosthesis through the milling process.[6]

Marginal quality of  the restoration is another parameter 
that has an influence on the clinical success and can be 
affected by various factors that influence directly the 
strength of  the restoration and its life expectancy.[2‑4,7] 
Discrepancy of  marginal fit and internal gap in the 
restoration may lead to the dissolution of  the luting 
resin facilitation, the bacterial infiltration, and altering 
the composition of  the subgingival microflora.[6,8‑10] In 
addition, these areas may weaken the restoration due to 
the higher concentration of  stress in this region without 
support, leading to fracture.[11]

Although many studies have been aimed to analyze the 
clinical performance of  lithium disilicate glass–ceramics 
in relation to single crowns or fixed dental prostheses and 
compared to other types of  ceramics material, there are 
few researches about minimally invasive restorations. The 
aim of  this systematic review with meta‑analysis was to 
evaluate the influence of  the processing method on the 
marginal and internal gap of  lithium disilicate inlays/onlays. 
The null hypothesis was that the processing method has no 
difference in the marginal and internal adaption of  lithium 
disilicate inlays or onlays.

MATERIALS AND METHODS

Research strategy and information sources
This systematic review was organized in accordance with 
the Preferred Reporting Items for Systematic reviews 

and Meta‑Analyses criteria described by Moher et al.[12] In 
addition, this review was registered in the PROSPERO 
platform (CRD42018094020).

Criteria for selection of studies
Potentially eligible studies were selected according to the 
inclusion and exclusion criteria previously determined by 
reading summaries and complete texts. The examiners came 
to a consensus in any disagreement, and when necessary, 
a third examiner was requested.

Search strategy
The searches were performed in the PubMed/Medline, 
Embase, Scopus, and Cochrane Library databases by 
two reviewers, with the following keyword combinations: 
“Lithium disilicate AND cad‑cam AND onlay OR Lithium 
disilicate AND cad‑cam AND inlay OR Lithium disilicate 
AND heat‑press AND onlay OR Lithium disilicate AND 
heat‑press AND inlay.” The authors were contacted via 
e‑mail when the complete content of  the article could 
not be accessed. The inter‑examiner (kappa) tests were 
performed by the selected titles and abstracts, obtaining a 
concordance test value of  100% (kappa = 1).

Inclusion/exclusion criteria
The inclusion criteria were retrospective, prospective, 
controlled, and randomized clinical studies and in vitro 
studies, published in English, that compared the fabrication 
methods of  inlay/onlay in lithium disilicate (pressed 
and CAD/CAM). The exclusion criteria included 
duplicate studies, theoretical studies, duplicate data 
studies (previously published), systematic reviews, and a 
study that did not compare the two ceramic processing 
techniques in lithium disilicate.

Study selection and reliability of quality assessment
The studies were selected and read completely in 
accordance with the inclusion and exclusion criteria. The 
PICO criteria established by Moher et al.[12] were followed 
to answer the following question: “What is the best method 
for manufacturing lithium disilicate inlay/onlay in relation 
to marginal and internal adaptation?” An evaluation was 
performed between inlay/onlay manufactured (P) with 
lithium disilicate comparing (I) different ceramic processing 
techniques (C) for marginal and internal gaps. The primary 
outcome was to evaluate (O) the ceramic processing 
method influenced the marginal and internal gaps of  
lithium disilicate inlay/onlay.

Data analysis
The following data were collected from the eligible 
studies: main author and year of  study publication, 
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CAD/CAM System, manufacturer, type of  tooth, 
type of  preparation, marginal gap (MG) and internal 
adaptation evaluation, number of  restorations for each 
processing method, groups studied, the results of  the 
marginal and internal gaps of  the different processes, 
and outcomes [Table 1].

Data inclusion
Data recording allowed a qualitative and quantitative 
comparison between the selected studies (n = 4).

Meta‑analysis
The meta‑analysis was based on the Mantel–Haenszel (MH) 
and inverse variance methods. The continuous 
outcome (marginal, internal, and total gap) was evaluated 
by mean difference (MD) and risk ratio (RR) and the 
corresponding 95% confidence intervals (CIs). The MD 
values were considered significant when P < 0.05 [Table 2]. 
The software Review Manager 5 (Cochrane Group) was 
used for meta‑analysis. The heterogeneity statistic I2 was 
used to verify the heterogeneity by proportion, where I2 
values close to 0% indicate no heterogeneity between the 
studies, values close to 25% represent small, 50% represent 
moderate, and close to 75% have been interpreted as a high 
level of  heterogeneity.[13]

RESULTS

The previous search on determined databases found a 
total of  127 studies. After the removal of  duplicates, 
88 records remained, being read all titles and abstracts. 
Six studies were selected according to the inclusion/
exclusion criteria. No article was added from the manual 
searches.

Readings of  the complete content of  six articles were 
performed after the application of  the inclusion and 
exclusion criteria. Four studies were selected for the 
inclusion of  qualitative data[14‑17] and three studies were 
included in quantitative analysis (meta‑analysis).[14,16,17] Two 
studies were excluded because they did not compare the 
two manufacturing techniques or/and MG.[8,18] The data 
of  the four studies included in this systematic review are 
given in Table 1. The search strategy details are illustrated 
in Figure 1.

Table 2: Mean values of total, marginal and internal gap used to perform the meta‑analysis
Author, year, type of study Total gap (mean) Marginal (mean) Internal (mean)

MT PT MT PT MT PT

Alajaji et al., 2017 ‑ in vitro 115.43 (21.26) 55.82 (13.3) 61.93 (13.18) 35.48 (8.12) 168.94 (29.34) 76.17 (18.49)
Vanlıog ̆lu et al., 2012 ‑ in vitro 140.02 (29.09) 113.28 (26.92) 115.89 (21.72) 109.18 (21.05) 164.15 (36.46) 117.39 (32.79)
Sener‑Yamaner et al., 2017 ‑ in vitro 73.8 (23.5) 98.6 (18.31) 73.8 (23.5) 98.6 (18.31) NR NR

MT: Milled technique, PT: Press technique, NR: Not reported

Demographic data
Of  the four studies, all were in vitro studies, which 
created a total of  197 specimens. A “n” minimum of  
40 specimens[16,17] and a “n” maximum of  72 specimens[15] 
were observed. Only IPS e.max CAD and IPS e.max Press 
(Ivoclar Vivadent) were used for specimen manufacturing.

The type of  tooth of  the specimens varied according to the 
tests performed for each study. Three studies manufactured 
specimens and tested on extracted human molars[15‑17] and 
one tested on acrylic maxillary left first premolar tooth.[14]

Marginal and internal gap analyses
Four outcomes could be observed by studying the 
articles included, two of  them found the MG measures 
clinically acceptable. However, one article[15] stated that 
press fabricated onlays had internal fit values significantly 
better than the CAD/CAM technique. On the other 
hand, findings by Sener‑Yamaner et al.[16] indicated that 
inlays made by CAD/CAM technique showed lower MG 
and cement thickness values than the press fabricated 
specimens. However, Vanlıog ̆lu et al.[17] and Alajaji et al.[14] 
showed that both the systems demonstrated acceptable, 
marginal discrepancies.

Figure 1: Search strategy according to the PRISMA statement
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Meta‑analysis
In the meta‑analysis performed, when only the internal 
gap [Figure 2] was evaluated, there was a statistically 
significant difference with a favorable trend in the press 
technique (DM = 70.51, 95% CI: 25.45–115.58, P = 0.002). 
For the analysis of  MG (DM = −14.96, 95% CI: −61.67–31.75, 
P = 0.53) [Figure 3] and total gap (DM = 20.59, 95% CI: 
−33, 34–74.51, P = 0.45) [Figure 4], there was no statistically 
significant difference in both the analyzes.

DISCUSSION

The minimally invasive approach allowed the use of  
partial‑coverage adhesive ceramic restorations as an 
alternative to the traditional total crown on weakened or 
missing tooth structure.[19] To enhance the ceramic material 
production, various types of  processing are introduced 
into the dental market, including the heat‑press technique 
as well as the laboratory‑side and chairside CAD/CAM 
systems.[20] However, the adhesive interface between the 
tooth/all‑ceramic material is still a susceptible factor for 
aging processes,[15,21] which determine the clinical long‑term 
success of  bonded restorations[22] and which can be 
increased by the MG. The null hypothesis formulated in 
this study was rejected for the internal gap and accepted 

for MG since the press processing technique showed 
more favorable internal adaptation when compared to the 
CAD‑CAM.

A successful dental restoration should conform to the 
following criteria: marginal adaptation, biocompatibility, 
esthetics, and mechanical strength.[23] Among these, the 
presence of  MG can increase plaque accumulation and 
contribute to a higher risk of  caries lesions.[24] In addition, 
higher MG values reduce the fracture strength of  the crown 
and the veneering porcelain.[25,26] Among the variety of  dental 
ceramics, lithium disilicate has been widely used in indirect 
restorations[27] because it has more favorable mechanical 
properties compared with conventional dental porcelains, high 
strength, high fracture toughness,[28] and has excellent optical 
properties.[29] Therefore, the studies included in this systematic 
review[14‑17] evaluate the behavior of  this ceramic material.

A recent study[30] evaluated the marginal fit of  lithium 
disilicate crowns made either by CAD/CAM or heat‑press 
technique. The study reported that crowns manufactured 
by the press technique have significantly smaller MG 
compared with those manufactured by CAD/CAM 
technique. Another study[31] reported that MG no more 
than 100 µm are addressed clinically acceptable for ceramic 

Figure 2: Forest plot of the internal gap results

Figure 3: Forest plot of marginal gap results

Figure 4: Forest plot of total gap results
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crowns. However, a wide range of  MG values is reported in 
the literature because of  some factors (restoration type and 
location, material and technique used, etc.).[30,31] Two studies 
included in this review have shown lower MG values for the 
heat‑press technique when compared to the CAD/CAM 
technique[14,15] whereas the study by Sener‑Yamaner et al.[16] 
showed lower MG values for the CAD/CAM technique 
since only one study observed that both the systems 
demonstrated acceptable, marginal discrepancies.[17]

The presence of  marginal inaccuracies in the conventional 
manufacturing process is expected due to the involvement 
of  multiple materials, as well as clinical and laboratorial 
stages.[21,32,33] Therefore, the development of  CAD/CAM 
technology optimized the process of  producing restorations 
through creating a project by direct or indirect digitization 
for the manufacture (additive or subtractive) of  restorations 
with a computer.[34] In this way, many studies compare 
the marginal adaptation of  this processing to fixed 
prosthodontics,[35‑37] but few studies compare these 
techniques in partial restorations.[14‑17] In this systematic 
review, it was observed the relation to MG and total gap 
in inlay/onlay restorations, and both processing techniques 
were comparable. However, when comparing the internal 
fit, the press technique demonstrated better adaptation 
than CAD/CAM technique.

The included studies used numerous techniques to 
evaluate marginal and internal adaptation. The replica 
technique is a method that allows for long‑term 
analysis and can be applied in clinical circumstances.[15] 
Meanwhile, this technique can be considered imprecise 
in cases of  small discrepancies due to damage or 
distortion of  the material.[38] Although X‑ray computed 
tomography (CT) produces high‑resolution imaging, there 
is no consensus on the ideal number of  MG and internal 
fit measurements (20 or 50 µm).[39,40] The direct optical 
microscope technique did not include any inlay‑array 
assembly. In addition, it reduces errors during the sample 
preparation stage;[41] however, the greatest difficulty is in 
discerning the color of  dental structure and cement.[42] 
Most of  the included studies used human molar teeth 
for inlay/onlay preparation, and only one study[14] used 
acrylic tooth. For in vitro studies, the use of  natural human 
teeth is recommended because of  its elasticity, adhesion, 
and strength characteristics that best resemble the clinical 
condition.[43] Since a small amount of  studies met the 
inclusion/exclusion criteria, the study that used acrylic 
tooth was included, as this study used the micro‑CT to 
evaluate the disadaptation. This technique is currently 
considered the most updated investigational methodology 
to access the adaptation of  ceramic restorations.[31,44]

Some variables may influence the value of  the marginal 
discrepancy, among them: tooth preparation, location and 
number of  measuring points, measurement techniques, 
type of  resin cement, and method of  manufacturing 
restorations.[41] In the studies included, two studies 
evaluated the MG before and after cementation,[15,16] 
while two studies[14,17] did not cement the restorations 
since MG values may increase after cementation.[16] 
Recently, the use of  highly led and highly viscous resin 
cement has been suggested to partially compensate for 
large cementitious spaces.[45,46] Therefore, the use of  
random‑effects meta‑analysis is justified by the discrepancy 
of  the heterogeneity of  the included studies.

In this systematic review, the variety of  processing 
techniques, ceramic materials, CAD/CAM systems, and the 
use of  different techniques for evaluation of  marginal and 
internal gap impeded direct comparisons. However, most 
of  the inlay/onlay ceramics were evaluated under in vitro 
conditions, which increase the potential for parameters 
standardization and allow better clinical assessment than 
oral conditions.[47] Future in vivo studies comparing the two 
techniques approached in this systematic review, regarding 
the effect on marginal and internal gaps, should cover 
partial ceramic restorations in addition to fixed dental 
restorations.

CONCLUSION

Within the limitations of  this study, it can be concluded that 
the pressed fabrication technique showed a more favorable 
internal adaptation when compared to the milled process. 
However, regarding the marginal and total gaps, both the 
techniques proved to be acceptable.
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