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Abstract
Objective: While the radiopacity of restorative material affects the radiographic diagnosis of the

teeth, there is no data about the radiopacity of current restorative computer-aided design

(CAD)/computer-aided manufacturing (CAM) materials. Therefore, the present study compared

the radiopacity values of current restorative CAD/CAM blocks to facilitate the material choice

within such a wide variety of materials.

Materials and Methods: Specimens were prepared from 13 different restorative CAD/CAM

blocks to compare with enamel and dentin. The specimens placed on the occlusal phosphor

plate were imaged with aluminum step wedge and tooth section. The radiopacity values were

calculated using the Image J program. The radiopacity values of the specimens were converted

to mmAl values with the Curve Expert 1.4 program.

Results: The difference between the radiopacity values of dentin and e.max CAD was not signif-

icant, however, they exhibited a significant difference from the other 14 groups (P < .05).

Enamel and Obsidien, Suprinity, and Celtra Duo had greater radiopacity values with significant

differences from the other 12 materials whereas the difference within these groups was not sig-

nificant (P > .05).

Conclusions: The evaluated restorative CAD/CAM materials have significantly different radio-

pacity values. Among these permanent restoration blocks, the highest radiopacity value was

observed in Celtra Duo, the lowest in Block HC.

Clinical Significance: Cerasmart, Lava Ultimate, Obsidian, Vita Suprinity, Celtra Duo Blocks have

adequate radiopacity for inlay, onlay and crown restorations, however, the use of Vita Enamic,

Vita Mark II, GC LRF blocks and the others which have lower radiopacity value than dentin for

the same kind of restorations depend on the radiopacity of the luting cement for the purpose of

recurrent caries detection.
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1 | INTRODUCTION

Computer-aided design and computer-aided manufacturing (CAD/

CAM) system has become widely used in dental offices and laborato-

ries for indirect dental restorations such as veneers, inlays, onlays,

implant supported crowns, bridges, and anterior and posterior

crowns.1 These systems and block materials that include composite

resin, leucite-reinforced and lithium-disilicate glass ceramics have

been continued to develop.2 Besides a wide variety of CAD/CAM

blocks, esthetic demands and treatment time intervals make a diffi-

culty for dentists to choose the best restorative material.3 Nowadays,

an additional feature that radiopacity gains popularity within such

high-quality CAD/CAM materials.

The restorative materials with adequate radiopacity, facilitate the

diagnosis of recurrent caries, detection of distorted marginal adapta-

tion and missing contact points with adjacent teeth on a radiograph.4

So that can be concluded as the radiopacity of the block affects the

radiographic diagnosis of teeth and the evaluation of radiopacity

values of new CAD/CAM materials has a considerable effect on the

selection of optimal restorative block.5 This value is affected by con-

tents such as glass, ceramic, and/or resin and by metal filler particles

like zirconium and aluminum.6
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Radiopacity of dental materials is conducted with an optical den-

sity value or in terms of equivalent aluminum thickness (in millimeter)

using a reference calibration curve under controlled radiographic con-

dition and can be detected by comparing with the radiopacity values

of enamel, dentin, and aluminum thickness (in millimeters).7,8 Radio-

pacity of aluminum has been reported to be similar to dentin, there-

fore, International Standards Organization (ISO) declared that

radiopacity of dental materials should be equal to or greater than that

of Al (with ≥98% purity) with the same thickness.9 There are few stud-

ies in the literature regarding the assessment of the radiopacity of

CAD/CAM blocks10,11, so the aim of this study was to evaluate the

radiopacities of 13 different current CAD/CAM restorative blocks in

comparison with the aluminum steps according to ISO standards and

to contribute to the literature.

2 | MATERIALS AND METHODS

2.1 | Specimen preparation

In this study, radiopacities of commercially available 13 different

CAD/CAM block materials were evaluated. The materials used in this

study are listed in Table 1. Two specimens of 1 � 0.2 mm thickness

from CAD/CAM blocks were cut by using a low speed diamond disc

(Isomet 1000, Buehler, Lake Bluff, IL, USA) under water cooling. The

thickness of the specimens was checked by a digital micrometer

(Mitutoyo America Corporation, Aurora, IL, USA). The sectioned slices

were wet-ground using 600, 800, and 1200 grit silicon carbide

abrasive papers on polishing machine (Minitech 233, Presi, Grenoble,

France).

Longitudinal sections at the same thickness were prepared from

noncarious, permanent, freshly extracted premolar and molar teeth to

obtain enamel and dentin specimens and then were stored in water at

37�C until radiopacity measurement.

TABLE 1 Listed of CAD/CAM block materials

CAD/CAM
material Type of material Compounds (%) Manufacturer

Vitablocks Mark II Feldspar-reinforced aluminosilicate
glass

<20% wt feldspathic particles VITA Zahnfabrik

>80% wt glass matrix

IPS Empress CAD Leucite-reinforced glass ceramic 64.9% SiO2, 16.25% Al2O3, 11.85% K2O, Ivoclar

5.37% Na2O, 1.56% CaO Vivadent

IPS e.max CAD Lithium disilicate(LS2) glass–ceramic 57%-80% SiO2, 11%-19% LiO2, 0%-13% K2O,
0%-11% P2O5, 0%-8% ZrO2, 0%-8% ZnO,
0%-5% Al2O3, 0%-5% MgO

Ivoclar

Vivadent

Celtra Duo Fully-sintered lithium silicate/phosphate glass
ceramic

10% wt ZrO2 containing lithium silicate Dentsply

DeTrey

Lava Ultimate Nano-particulate pre-polymerized resin
composite

80% wt nanoceramic, 3 M ESPE

20% wt highly cross linked polymer matrix

Enamic Polymer-infiltrated reinforced-glass network 86% wt feldspathic-based ceramic network, VITA Zahnfabrik

14% wt acrylate polymer network

Telio CAD Polymethyl methacrylate PMMA, pigments Ivoclar Vivadent

Suprinity Zirconia reinforced lithium silicate glass ceramic Glass ceramic, zirconia (approximately 10% by
weight)

VITA Zahnfabrik

Block HC Hybrid-ceramic 61% wt silica-powder, zirconium silicate, micro
fumed silica

Shofu

CEREC Blocks C Feldspar-silicate glass ceramic 55%-65% SiO2, 17%-24% Al2O3, 5%-9% Na2O,
7%-11% K2O, 0%-2% B2O3

Sirona the dental
company

Obsidian Lithium silicate ceramic Nanometer-sized lithium silicate and lithium
phosphate crystals

Glidewell laboratories

GC LRF Leucite reinforced glass ceramic Glass, oxide, chemicals GC

Cerasmart Resin-based composite 71% wt silica and barium glass nanoparticles GC

29% wt resin matrix

FIGURE 1 Radiograph of representative CAD/CAM block specimens,

tooth slice, and aluminum step wedge. First column, (from top to
down): Celtra Duo, IPS e.max CAD (before crystallization), Suprinity,
IPS e.max CAD (after crystallization), second column: Cerasmart, Telio
CAD, GC LRF, Obsidian, third column: Lava Ultimate, CEREC, IPS
Empress CAD, fourth column: Block HC, Enamic, Vitablocks Mark II
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2.2 | Radiopacity measurement

The specimens were divided into 2 groups. First group was premolar

teeth, the second group was molar teeth, and also both groups

included one specimen from each material.

Eleven millimeter aluminum step wedge (each step is 1 mm thick)

was used as reference for the evaluation of the density of the speci-

mens. All specimens were placed on a size of 4 phosphorus plate

(Durr Dental, Bietigheim-Bissingen, Germany) together with aluminum

step wedge.

The specimens were imaged 2 times for each premolar and

2 times for each molar by setting the dental X-ray device to 70 kVp

and 7 mA for 0.30 seconds as the focal spot distance would be

30 cm. Phosphorus plate was scanned with a special scanner

(DBSWIN Imaging Software, Durr Dental Bietigheim-Bissingen, Ger-

many) and after image acquisition on computer, it was transferred to

ImageJ program (National Institutes of Health) to achieve the lowest,

the highest, and mean gray value.

Measurements were taken from 5 different locations including

the center and 4 corners for each material and aluminum step wedge.

Three measurements were performed from each location and the

average values of them were calculated. For tooth sections, dentin

and enamel measurements were performed at each cusp tips, near to

each marginal ridges and the middle of the central fossa with recur-

rent 3 measurements from each location. A total of 20 measurements

were taken from each material with taking 4 radiographic images

(2 times for each premolar and 2 times for each molar). After that,

these values were determined with Curve Expert 1.4 (CurveExpert.

net, USA) program for the reference of aluminum step wedge.

2.3 | Statistical analysis

Normality of the distributions of the groups was analyzed by

Kolmogorov–Smirnov test and the homogeneity of groups was

examined by Levene test. The Kruskal–Wallis test was used to com-

pare the radiopacities of the materials, enamel, and dentin, and the

differences were determined by the post hoc Dunn test. Statistical

significance level was P < .05 and statistical analysis was performed

with SPSS (version 18, USA) program.

3 | RESULTS

The result of statistical analysis indicated that the radiopacity values

of many materials were not normally distributed and the variances of

the groups were not homogeneous. A comparison of the radiopacities

of the materials, enamel, and dentin revealed a significant difference

(P = .001 < .05).

When the significant differences were examined, it was con-

cluded that the difference between Dentin and E-max CAD was not

significant but they were exhibited a significant difference from the

other 14 groups.

It was also found that the difference between enamel and Obsid-

ian, Vita Suprinity, and Celtra Duo was not significant but they were

significantly different from the other 12 materials and that these

4 materials had greater radiopacity values. (Figure 1) The order of the

mean (mean � SD) from low to high and the significant differences

with different letters were summarized in Table 2.

4 | DISCUSSION

Appropriate radiopacity is an important feature for restorative mate-

rials that regulates the degree of light penetration and reflection as an

important indicator of color quality of the material.12 Radiopacity

facilitates the identification of recurrent caries, erroneous proximal

contours, and incompatible marginal edges by providing appropriate

contrast between enamel/dentin and restorative material.13 Recurrent

TABLE 2 Mean radiopacity values and SDs

Material Mean radiopacity (mm Al/1 mm material) SD

Telio CAD 0.17a 0.03

Block HC 0.41b 0.05

Enamic 0.45b 0.09

CEREC Blocks C 0.54c 0.10

Mark II 0.68d 0.23

GC LRF 0.78e 0.10

Emax (before crystallization) 0.88f 0.20

Empress CAD 0.88f 0.19

Emax CAD (after crystallization) 1.25g 0.47

Dentin 1.27g 0.33

Cerasmart 1.75h 0.18

Lava 1.92i 0.21

Obsidien 2.26j 0.42

Enamel 2.34j 0.57

Suprinity 2.43j 0.27

Celtra Duo 2.49j 0.27

Statistically different means (P < .05) are indicated by different superscripts letters.
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caries and marginal adaptation disorders, were be formed by these,

are the main reasons for the need to change prosthetic restorations.

Therefore, the restorative materials should have optimal radiopacity

for accurate diagnosis and clinical follow-up and so the radiopacity of

all newly developed materials should be assessed.14,15 In the light of

these findings, radiopacities of 13 new CAD/CAM block materials in

the market were evaluated in present study.

It is suggested that the radiopacity of the restorative materials

compares with the same thickness of enamel/dentin and pure alumi-

num step wedge radiopacity.16 The radiopacities of the materials,

enamel, and dentin are expressed in millimeters of aluminum equiva-

lent. The radiopacity of pure (99.5%) aluminum is very close to that of

human dentine so that pure aluminum is used as a reference in ISO

Standard 4049. The minimum radiopacity value of restorative mate-

rials should be equal to or higher than dentine and same thickness of

aluminum step wedge by ISO Standard 4049.9 In present study, radio-

pacity values of dentin and enamel were 1,27 � 0,33 mm Al and

2,34 � 0,57 mm Al, respectively. These values were similar to previ-

ous studies which declared that dentin radiopacity was close to 1 mm

Al and enamel radiopacity was close to 2 mm Al.4,17,18

In this study, digital imaging analysis which provides clear and reli-

able numerical data was used. It was believed to be similar to the

transmission densitometer, not require film-enhancing chemistry and

reduce the physician’s exposure to radiation.19,20

Radiopacity value depends on the variety and the amount of

fillers (silver, zinc, barium, strontium, and zirconium) added into the

material.18,21,22 In this study, a radiographic image of completely

resin-containing Telio CAD block was not detected. This block have

already been using for temporary restorations and also it can be sug-

gested that its radiopacity is not suitable for permanent restoration. In

our study, radiopacities of hybrid (silica and resin) blocks such as Block

HC, Vita Enamic, silica, or leucite strengthened silica-containing

blocks; CEREC Blocks C, Mark II, GC LRF, Empress CAD were less

than dentin. The reason may be the dense glass matrix in their con-

tents. On the other hand, radiopacities of the other hybrid blocks like

Cerasmart (contains nanosilica and barium particles) and lava ultimate

(contains nanosilica and zirconia particles) were more than dentin that

may be the result of zirconium and barium contents. e-max CAD

which contains glass ceramic with incorporating lithium disilicate and

high stability zirconium exhibited equal radiopacity to dentin. The

radiopacity values of Obsidian, Suprinity, and Celtra Duo were found

to be the highest compared with other blocks. It can be considered

that they contain more zirconium than the other CAD/CAM blocks.

5 | CONCLUSIONS

It can be concluded that the evaluated restorative CAD/CAM mate-

rials have significantly different radiopacity values according to the

methodology used in present study. Among the blocks using for per-

manent restoration, the highest radiopacity value was observed in

Celtra Duo, the lowest in Block HC. Users can select the best material

thank to the vast information on radiopacity of different materials in

addition to other properties like biocompatibility and esthetic. Accord-

ing to the present study, Cerasmart, Lava Ultimate, Obsidian, Vita

Suprinity, and Celtra Duo Blocks have adequate radiopacity for inlay,

onlay, and crown restorations; however, the use of Vita Enamic, Vita

Mark II, GC LRF blocks, and the others which have lower radiopacity

value than dentin for the same kind of restorations depend on the

radiopacity of the luting cement for the purpose of recurrent caries

detection.
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