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Abstract 

Purpose: the aim of the present review was to evaluate 

the effect of ceramic thickness on the colour and 

translucency of all ceramic restoration.  

Material and methods: This systematic review was 

based on PRISMA (Preferred Reporting Items for 

Systematic Reviews and Meta-analyses) guidelines. The 

study question was determined according to PICO 

(population, intervention, comparison and outcome). This 

systematic review search covered the PubMed, Science 

direct, Wiley online library as well as the Web search 

Google Scholar databases for the period from 2010 to 

2020. 985 articles were found and 30 studies were selected 

and their full text was provided. Studies that did not assess 

the thicknesses of the ceramic were excluded which left 

11 articles to be included for data extraction.  

Summary: Within the limitations of the present 

systematic review showed that different ceramic had 

different optical properties at different thickness. It was 

found that optical characteristics and the translucency of 
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the final restorations were influenced by ceramic thickness 

and showed that final colour of all ceramic restorations 

can be affected by several factors. 

Keywords: all-ceramic, fixed dental prosthesis, 

Thickness, Color, translucency, translucency parameter 

Introduction 

In dentistry esthetic restorations are concerned specially 

with the appearance of dental arches and replacement of 

missing dental tissues by artificial materials. [1] Optimally 

matching the esthetics of natural teeth with those of 

artificial teeth is a significant challenge in dentistry. [2] 

Metal ceramics have been evolved with the increased 

demands of patients for esthetics. [1] 

On the other end metal ceramic restorations have an 

esthetic limit because of their metal substructure and their 

use has been gradually decreased.[3] At the same time, all-

ceramic restorations have become more popular because 

of ceramic materials having excellent esthetics, no metal 

substructure and acceptable mechanical properties. So, 

have been advocated rather than traditional metal ceramic 

restorations. [4]  

Ceramic systems have been evolved to allow the 

fabrication of crowns with better esthetics. [5] 

Translucency is the element that adds a life-like 

appearance to the restoration and improved esthetic. [6] It is 

one of the primary factors in controlling the esthetic 

outcome of ceramic restorations. It can be adjusted by 

controlling the absorption, reflection, scattering and 

transmission of light through the material. [7,8]   

Spectrophotometer or a spectroradiometer have been used 

to assess aesthetic properties of dental restorative 

materials using the Commission Internationale de 

l’Eclairage (CIE) L*a*b* system. The L* value is a 

measure of the lightness of an object, a* value is a 

measure of redness (positive value) or greenness (negative 

value), and the b* value is a measure of yellowness 

(positive value) or blueness (negative value). [9,10] 

Zirconia restoration has to be similar with natural tooth 

which is important to attain colour match for translucency 

and shade, [11, 12] but achieving optimal esthetic with these 

restorations is still challenging.[2]  

The monolithic zirconia is the good option in esthetics 

which has excellent mechanical properties, like flexural 

strength and fracture toughness.  

Lithium disilicate glass ceramic has more favorable 

mechanical and optical properties compared with 

conventional dental porcelains. Moreover, it has been 

considered superior in terms of translucency, but it has 

mechanical properties that are inferior compared with 

zirconia.   [13] 

There are five methods which currently used for the 

fabrication of all-ceramic restorations: (1) condensation 

and sintering, (2) casting and ceramming, (3) Heat 

pressing, (4) slip casting, and (5) computer-aided 

design/computer-assisted manufacturing.[9]   

To match natural tooth structure, color and surface texture 

there are factors which influences all-ceramic restorations 

like translucency, porcelain layering technique [14], shade 

[15], thickness [16] and luting agent [17] through layering of 

core and veneer ceramics. [18] Even when an adequate 

ceramic thickness exists, clinical shade matches are 

typically hard to achieve. Moreover, in order to effectively 

implement the layering technique for all-ceramic 

restorations, clinician must recognize [9, 19] the effects of 

core and veneer ceramics on the final layered color of 

restorations. 

It is necessary to determine the factors affecting the 

translucency of ceramic restorations in order to predict the 

treatment result, the present study was undertaken to 

systematically review articles on the effect of ceramic 
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thickness on the colour and translucency of all ceramic 

restoration. 

Material and methods 

Study design:  In this systematic review, it includes in 

vitro studies on the effect of ceramic thickness on the 

colour and translucency of all ceramic restoration were 

investigated. There are following inclusion and exclusion 

criteria: 

Inclusion criteria 

• Published in English language 

• In vitro stud 

• Study of all ceramic restorations 

• Study with test group used a ceramic layer of 

different thicknesses. 

• Comparison of ceramic groups 

• Selected articles from 2010 to 2020. 

Exclusion criteria 

• Systematic review study  

• Case report  

• Evaluation of results based on questionnaires  

• Human studies 

• Articles older than ten years 

This systematic review was based on the PRISMA 

(Preferred Reporting Items for Systematic Reviews and 

Meta-analyses) 2010 guidelines. The PICO strategy                                    

(population, intervention, comparison, and outcome) was 

used for study.  

The primary issue addressed in the present study was the 

effect of ceramic thickness on the colour and 

translucency of all ceramic restoration 

Search strategy 

This systematic review search covered the following 

databases: MEDLINE (National Library of Medicine) via 

PubMed, Science direct, Wiley online library as well as 

the Web search Google Scholar sources dated between 

January 2010 and April 2020.  

The medical keywords used as search terms based on 

PICO are listed in following. 

Keywords used as search terms based on PICO: - 

Population 

Crown OR dental crown OR tooth crown OR jacket 

crown OR full jacket crown OR all-ceramic OR dental 

prosthesis OR single crown OR single unit OR fixed 

prosthesis OR fixed restoration OR fixed prosthodontics 

OR fixed dental prosthesis OR FDP OR tooth 

reconstruction. 

Intervention 

Thickness OR layer OR dentin porcelain OR ceramic OR 

liner. OR core  

Comparison 

Not indicated  

Outcome Color OR shade OR translucency OR CIE OR 

spectrophotometer OR colorimeter OR transparency OR 

illusion OR translucency parameter  

Screening and selection 

An electronic search was done based on above keywords; 

985 articles were found. The articles were reviewed and 

screened based on titles and abstracts, 30 studies included 

by reading title and abstract. The full text articles were 

then assessed and evaluated from that 11 full text articles 

were selected by evaluating inclusion and exclusion 

criteria. 
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Fig. 1: Flowchart of study selection 

Result 

The electronic literature search found 985 articles as 

shown in Figure 1. After examination of the title and the 

abstract, 30 studies were selected and their full text was 

provided. Next, studies that did not assess the thicknesses 

of the ceramic were excluded. A total of 11 studies were 

finally included in the present systematic review. 

The effect of veneering thickness on the color of ceramic 

restorations were investigated in studies. The results of 

these studies are summarized in Table 1. The most 

common ceramic type used was IPS Empress made using 

the pressing technique. Different ceramic thicknesses (0.2 

to 2.0 mm) were also investigated.  

Discussion 

All-ceramic restoration has become more popular in the 

last 10 years due to its excellent biocompatibility, good 

esthetic and natural appearance.[20] Ceramic materials 

must provide optical and mechanical characteristics for 

the fabrication of esthetic restorations, similar to those of 

natural teeth.[24]Though enamel and dentin have inherent 

translucency, matching ceramic restorations aesthetically 

should not involve only shape and texture but also the 

reproduction of the optical characteristics of teeth with 

adjacent natural teeth. [25, 26]  

The translucency of ceramics is an important factor for 

achieving good esthetics and is influenced by both 

ceramic material and thickness. It is also affected by 

fabrication technique, material composition, and 

illuminants. [21, 27, 28] 

Table 1 Summary of studies evaluating effect of ceramic thickness on restoration color and translucency 

Authors Year Specimens Ceramic type Ceramic thicknesses Results 

Jung et al [9] 2010 27 specimens for 

each ceramic  

IPS e.max Press 

(EM), Lava 

0.25, 0.50, 0.75, 

1.00, 1.25, 1.50, 

1.75, 2.00 mm 

Increases in dentin 

porcelain thickness resulted 

in gradual decreases in 

L*and gradual increases in 

a* and b*. 
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Wang et al [4] 2013 6 specimens for 

each glass 

ceramic           

 

5 specimens for 

each zirconia 

ceramic 

IPS e.max Press 

HO, MO, LT, HT, 

IPS e.max CAD LT, 

and MO (Lithium 

disilicate glass 

ceramic). 

AvanteZ Dentin 

(AZD) and Trans 

(AZT) (Leucite-free 

glass ceramic). 

Cercon Base (CRB), 

Zenotec Zr Bridge 

(ZNT), Lava 

Standard (LVS), 

Lava Standard FS3 

(LVF) and Lava 

Plus High 

Translucency (LVP) 

(Zirconia ceramic). 

glass ceramics:  

every 0.2 mm from 

2.0 to 1.0 mm and 

every 0.1 mm from 

1.0 to 0.6 mm. 

zirconia ceramics:  

every 0.1 mm 

between 1.0 and 0.4 

mm. 

The translucency parameter 

(TP) of dental ceramics was 

significantly influenced by 

both material and thickness. 

The translucency of all 

materials increased as the 

thickness decreased. 

Dikicier et al 
[20] 

 

 

 

 

 

2014 30 specimens for 

each ceramic 

In-Ceram Alumina 

(IC), EM, Katana  

0.5, 0.8, 1.0 mm For all ceramic systems, the 

a* values increased as the 

thickness of the core 

increased. Conversely, L* 

and b* values decreased as 

increases in core porcelain 

thickness. 

Jeong et al 
[21] 

2015 7 specimens for 

each ceramic 

IPS e.max Zirpress, 

Initial IQ, Rosetta 

UltraPress 

Core: 0.5, 0.7, 

1.0mm 

Veneer: 1.0, 0.8, 

0.5mm 

Combination of 0.7-mm 

veneer thickness and 0.8-

mm core thickness 

exhibited the lowest value 

of transmittance. As the 

veneer thickness was 

decreased further, the value 

of transmittance increases. 

Harada et al 2016 5 specimens for Prettau Anterior, 0.5mm, 1.0mm All materials were 
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[13] each ceramic BruxZir, Katana 

High-translucency 

(HT), Katana 

Supertranslucency 

(ST), and Katana 

Ultratranslucency 

(UT), Lithium 

disilicate e.max 

CAD LT (low 

translucency) 

significantly different from 

each other, except for 

between BruxZir and 

Katana HT, and among 

Prettau Anterior, Katana ST 

and Katana UT which were 

significantly more 

translucent than all other 

zirconias and less 

translucent than e-max 

CAD LT for both 

thicknesses. 

Pires et al [5] 2016 20 specimens for 

each ceramic 

IPS e.max Press LT 

(low translucency) 

and HO (high 

opacity) 

1.5mm, 2.0mm The colour difference (∆E) 

of ceramic HO were lower 

than those of ceramic LT. 

Kang et al [3] 

 

2017 7 specimens for 

each ceramic 

IPS e.max CAD, 

IPS Empress CAD, 

IPS e.max ceram, 

IPS Empress 

Esthetic veneer. 

Core: 0.8, 1.0, 

1.2mm 

Veneer: 0.3, 0.5, 

0.7mm 

∆E increases as the 

thickness of the core 

decreases. 

 

 

Tabatabaian 

et al [22] 

2017 10 specimens for 

each thickness 

 

IPS e.max Press 0.4, 0.6, 0.8mm Increase in the thickness 

from 0.4 to 0.8 mm 

decreased the ∆E values. 

Juaila et al [1] 2018 24 specimens for 

each ceramic 

IPS e.max (EMHT), 

IPS e.max (EMLT), 

Ultratranslucency 

Zirconia (UTZ), 

Top-translucency 

Zirconia (TTZ), 

Supertranslucency 

Zirconia (STZ), and 

High-translucency 

Zirconia (HTZ) 

0.4, 0.6, 1.0mm Group EMHT (9.10 ± 1.45) 

scored the highest TP 

followed by group EMLT 

(8.36 ± 1.42) then group 

UTZ (6.66 ± 2.49), TTZ 

(6.25 ± 0.95), STZ (4.93 ± 

0.96) and HTZ (4.83 ± 

1.34) showed the lowest 

value.  

Motamedi et 2018 10 specimens for DD cube X, Copra 0.7, 0.9, and 1.1 mm To achieve an acceptable 
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el [2] each thickness Smile final color, the minimum 

thickness of a monolithic 

zirconia ceramic should be 

0.9 mm 

Bayindir et al 
[23] 

2019 20 specimens for 

each thickness 

Katana HT 0.5, 1.0, 1.5, 2.0 mm TP values significantly 

increased with the decrease 

in thickness from 2.0 mm to 

0.5 mm  

 

Clinically, the important aspect of esthetic dental 

restoration is an appropriate color combination. According 

to some studies, the esthetic success and optical properties 

of all-ceramic restorations are not only depending upon 

ceramic thickness [18, 29], but several factors involved in 

affecting the translucency of dental ceramics, such as 

surface     characteristics [30], number of firings [31], 

luting agent [32, 33] and color shade [34]. Most all-

ceramic systems require the combination of two layers of 

ceramic material, such as a ‘core’ with high opacity and a 

more translucent ‘veneer’. [20]      Dozic´ et al [18] found 

significant correlation between the thickness ratio of 

porcelain system within 1 mm and color coordinates a* 

and b* and reported that the thickness of 0.7mm is 

sufficient to mask the influence of background color on 

the final color of layered ceramic restoration. Shokry et al 

[29] in his study reported that ΔE (color difference) value 

depends on the total thickness of ceramic materials and 

there is significant contribution of core and veneer 

thickness on optical parameter of the specimen. In studies 

that reported the results of color difference (ΔE) Dikicier 

et al [20], Kang et al [3] and Tabatabaian et al [22] 

showed that ΔE decreases as core and veneering thickness 

increases.  

But, study by Jung et al [9] reported that ΔE increases as 

the ceramic thickness increases. According to study by 

Pires et al [5] the ∆E values of ceramic HO were lower 

than those of ceramic LT. They also confirmed the 

importance of the optical characteristics like translucency 

and opacity for ceramic, regardless of the other variables 

analysed for thickness.  Motamedi et el [2] showed 

significant differences in the CIELab and ΔE values 

related to zirconia thickness. They found that increase in 

the zirconia thickness will decrease the effects on the 

colour. To achieve an acceptable final colour, the 

minimum thickness of a monolithic zirconia ceramic 

should be 0.9 mm. But according to Alqahtani et al [17] 

the use of 0.7mm thicknesses of ceramic specimens have 

decreased ∆E values in comparison with 0.5mm 

thicknesses.   

Dikicier et al [20] studied on the effect of thickness on 

color parameters and reported that L* decreases as the 

core thickness increases. Jung et al [9] studied IPS 

Empress ceramic and reported that with increased core 

thickness there is increased in the a* and b* parameters 

and decreased L*.          

According to Ghulman and Awad [35], at the highest 1.5 

mm crown thickness, there was no significant difference 

between natural teeth and crowns constructed from 

different ceramic materials. In studies that reported the 

results of translucency parameter (TP), Wang et al [4], 

Jeong et al [21] and Bayindir et al [23] showed that TP 

values increases as core and veneering thickness 

decreases. Harada et al [13] found that all materials used 

for in vitro study were significantly different from each 
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other, in which Katana UT were significantly more 

translucent than all other zirconia and less translucent than 

e-max CAD LT for both thicknesses.                                

Juaila et al [1] studied that Group EMHT (9.10 ± 1.45) 

scored the highest TP followed by group EMLT (8.36 ± 

1.42) then group UTZ (6.66 ± 2.49), TTZ (6.25 ± 0.95), 

STZ (4.93 ± 0.96) and HTZ (4.83 ± 1.34) showed the 

lowest value.  Bagis et al [27] studied that the chemical 

structures of the ceramic systems were more effective in 

determining the optical parameters than the fabrication 

techniques. The underlying tooth abutment color, cement 

color, and ceramic thickness significantly influenced the 

resulting optical color.  In this review the only difference 

in reported results is related to the type of ceramic 

material investigated. It was showed that different ceramic 

had different optical properties at different thickness.  

The method of in vitro studies, including the type of 

specimen and means of evaluating color change were 

different in different studies, which could affect the 

results. As in this review included only in vitro studies 

colour difference by clinical application have not been 

assessed.  

The optical properties of the restorations can also get 

affected by the presence of saliva. Nevertheless, In vitro 

studies are helpful to evaluate which is most desirable; 

moreover, it is ideal for evaluating  the effect of thickness 

on colour and translucency of all ceramic restoration. The 

purpose of this systematic review was to evaluate the 

effect of ceramic thickness on the color and translucency 

of all ceramic restoration. This was the review of in vitro 

studies with regard to several variables between the 

studies including method, type and commercial brand of 

ceramic, method of colour evaluation and background 

colour, it was not possible to compare the results of 

studies directly; thus, data were analysed descriptively. 

 

Conclusion 

Within the limitations of the present systematic review 

showed that final colour of all ceramic restorations can 

be affected by several factors. It was found that optical 

characteristics and the translucency of the final 

restorations were influenced by ceramic thickness. 

Further investigation should consider variables such as 

type of ceramic, fabrication method, colour of underlying 

surface, colour of background, the type and thickness of 

cement to determine the effect of ceramic thickness. 

Results obtained from in vitro studies should be verified 

and investigation of the colour stability of the ceramic 

should be done in clinical trials. 
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