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a b s t r a c t   

Objectives: This study was designed to investigate CAD/CAM restorative blocks and other 

resin-based materials by (i) determining their chemical composition, (ii) comparing their 
radiopacity and (iii) correlating their radiopacity with specimen thickness. 

Methods: Disk specimens, of 1and 2 mm thickness (n = 3), were prepared from five CAD/ 

CAM and six resin-based composites (RBCs). The CAD/CAM resin-composites included 
aesthetic types: CeraSmart (CS), Grandio Blocs (GB), Lava Ultimate (LU), plus a polymer 
infiltrated ceramic Vita Enamic (VE), and a feldspathic ceramic Vita Mark II (VM II). The six 
RBCs were for different clinical applications: direct filling, flowable, bulk fill, base and two 
luting cements. The specimens were radiographed alongside an aluminium step wedge 
and a tooth section. Digital images were analysed, and the radiopacity of each specimen 
was determined according to ISO 1311/2014. Statistical analyses of radiopacity, expressed 
as mm Al (n = 15), were carried out using the Kruskal-Wallis test followed by pairwise 
comparisons (α = 0.05). 
Results: Radiopacities of CAD/CAM materials were, in ascending order, VE, VM II, CS, LU, 

and GB. At 1 mm thickness, the radiopacities of all CAD/CAM specimens were matching or 
slightly lower than enamel. At 2-mm thickness, the resin composite blocks were sig-
nificantly more radiopaque than the ceramics VE and VM II (p  <  0.0001). No statistically 
significant differences in radiopacity were detected between the 1-mm thick infiltrated 
ceramic, enamel, dentin and various resin composites except for filling and bulk fill types. 
The radiopacity of polymer-infiltrated ceramics was low despite the presence of radio-
pacifying elements and high filler content. 

Significance: Identifying thin restorations in standard radiographs is necessary with the 

development and expanded application of ‘digital’ dental materials in restorative treat-
ment. This study confirmed the joint influence of composition and thickness on radio-
pacity. CAD/CAM restorative materials showed thickness-dependant radiopacity. But 
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polymer-infiltrated ceramics were fairly radiolucent. There is a need to revisit radiopacity 
requirements for CAD/CAM restorative materials. 

© 2022 The Author(s). Published by Elsevier Inc. on behalf of The Academy of Dental 

Materials. 

CC_BY_4.0   

1. Introduction 

Aesthetic CAD/CAM materials are applied in thin sections as 
indirect restorations following the concept of minimally in-
vasive dentistry and advances in adhesive bonding. 
Radiographic images are paramount in routine dental prac-
tice to verify the initial integrity of such restorations and to 
diagnose any marginal defects or secondary caries at follow 
up visits. The risks of aspiration, ingestion or traumatic dis-
placements of an uncemented restoration also require 
radiographic visibility of such materials to detect them in a 
chest radiograph [1]. Hence, the radiopacity of restorative 
materials is a key property [2]. 

Radiopacity is the relative “opacity” of a material to 
transmission of X-ray electromagnetic radiation [3,4]. Radio-
paque dental materials are commonly formulated by in-
corporation, into the inorganic filler phase, high atomic 
number elements: such as zirconium, ytterbium, barium, and 
strontium, which hinder the passage of X-rays. The observed 
radiopacity depends on two main factors: (i) intrinsic: material 
composition, microstructure, density and geometry, and (ii) 
extrinsic: the radiographic imaging system and exposure 
parameters. 

The required radiopacity of any dental material depends 
on its clinical application. Restorations indicated for posterior 
or deep areas require higher radiopacity for radiographic 
monitoring than those in an anterior accessible zone [5]. The 
radiopacity of resin composites is required to be slightly 
greater than that of the tooth structure being replaced [3,5]. 
However, the level of radiopacity required for CAD/CAM re-
storative materials has not been specified. A few studies in-
vestigated the radiopacity of current blocks indicated for 
inlays, onlays and crowns using standardised methodologies  
[6–8]. These studies found that hybrid ceramics and ceramics 
have low radiopacity, making their marginal detection 

challenging and dependent upon the underlying bonding 
cement. However, the biomimetic characteristics of polymer- 
infiltrated ceramics have expanded their clinical applications 
to customised posts, implants and implant-supported-supra 
structures [9]. Their clinical use involves frequent radio-
graphic assessment. This study therefore determines their 
chemical compositions and uses this information to interpret 
radiopacity differences of both CAD/CAM restorative blocks 
and their underlying materials - such as core build-up, base 
and luting cements at different thicknesses. Also, it in-
vestigates the correlation between material radiopacity and 
thickness. 

The null hypotheses are:  

1. There is no difference in the radiopacity between different 
CAD/CAM restorative materials at a single thickness.  

2. There is no difference in the radiopacity between the 
CAD/CAM restorative materials and substrates (enamel or 
dentin or other bonded resin-based restorative and luting 
materials) at a single thickness.  

3. There is no correlation between the radiopacity of CAD/ 
CAM restorative materials and their thickness. 

2. Materials and methods 

2.1. Specimen preparation 

Specimens were prepared into slabs of 1- and 2-mm thickness 
from each material (n = 3). Table 1 lists the materials used in 
this study and their manufacturers. CAD/CAM blocks were 
sectioned into slabs using a low-speed diamond saw (IsoMet 
1000 Precision saw, Buehler) under water cooling. 

For the conventional resin-based materials, a metal mould 
was used to prepare discs of 10 mm diameter and 1- and 2- 
mm thickness. The conventional resin-based materials were 

Table 1 – Study materials and manufacturer information.       

Code Brand name Manufacturer Lot number Material Type 
CAD/CAM restorative materials  

CS CeraSmart GC-Corp 1512091 Resin-based composite 
GB Grandio Blocs VOCO 1723181 
LU Lava Ultimate 3M ESPE 3314TK 
VE Vita Enamic VITA Zahnfabrik, Germany 55310 Polymer-infiltrated ceramic network 
VM II Vita Mark II VITA Zahnfabrik, Germany 33941 Feldspathic ceramic  

Conventional resin-based materials 
FZ Filtek Z250 Universal Restorative 3M, ESPE, USA NA87707 Regular resin composite 
BE B & E Flow B & E Korea, Biogeri, Germany FA319006 Flowable resin composite 
TN Tetric N Ceram Ivoclar Vivadent V13795 Bulk fill resin composite 
BV Vita VM LC VITA Zahnfabrik, Germany C44038F4 Base or veneer 
VK Variolink II DC Ivoclar Vivadent Z017C4 Dual-cured resin cement 
RX RelyX U200 3M, ESPE, USA 5232481 Self-adhesive resin cement   
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filled, covered by mylar strips, and compressed between two 
glass slides and then polymerised with a light-curing unit 
(Bluephase Style, Ivoclar-Vivadent) with mean irradiance of 
1200 mW/cm2, verified using a radiometer (MARC™ Light 
Collector, Blue-light Analytics Inc., Halifax, NS, Canada). 

Specimens were polymerised for 20 s from both sides in 
three overlapping sequences. 

Longitudinal sections, of the same pair of thicknesses, 
were cut from a recently extracted human permanent molar 
tooth using a diamond disc saw (IsoMet 1000 Precision saw, 
Buhler). Specimen thickness was measured with a micro-
metre to within ±  0.01 mm. All specimens were stored in 
labelled containers filled with water at 37 °C until the radio-
pacity measurement. Ethical approval for the use of human 
teeth was obtained from the Institutional Review Board -No. 
E-21–6453- for Health Sciences College Research on Human 
Subjects at King Saud University. 

2.2. Surface and chemical analysis (SEM and EDS) 

Material surface topographies and elemental compositions 
were examined using a scanning electron microscope (SEM) 
coupled with an energy dispersive x-ray detector (EDX). 

Scanning electron microscopy provided images of the 
surface topography and microstructural characterisation of 
the materials. One specimen from each material was em-
bedded in epoxy resin, polished and ultrasonically cleaned 
for five min. Specimens were placed in a vacuum chamber, 
mounted on aluminium stubs and gold sputter-coated before 
the SEM examination (SEM, JSM-6360LV, JEOL, Tokyo, Japan). 
SEM images were obtained at 5000× magnification using high 
vacuum mode (HV) with accelerating voltage at 10 Kv and 
spot size 3. An energy dispersive X-ray (EDX) detector (JED- 
2300 Analysis Station Plus, JEOL, Tokyo, Japan) was used for 
elemental mapping and quantitative chemical analysis. 

2.3. Filler content determination 

The standard ash method was used to determine the inorganic 
filler content expressed in mass percentage (ISO 1172/1996). 

Using a calibrated analytical balance, three specimens (2-mm 
thick) per material were weighed (mg) before and after burning 
in the furnace (Programat EP 3000, Ivoclar Vivadent) at 630 °C for 
30 min. The average wt% was recorded following the equation: 

( ) = ( )filler content a a x% 1002 1

Where a1 is the mass of the dry specimen and a2 is the mass of 
the burnt specimen. 

2.4. Radiopacity measurement 

Specimens were subdivided into two groups based on their 
thicknesses. All material specimens of same thickness were 
placed on a size 4 phosphorus plate (PSP, occlusal plate 4 +, 
58 × 75 mm, DÜRR DENTAL, Bietigheim-Bissingen, Germany) 
along with a standardised-10-mm aluminium step-wedge 
with a sequential 1-mm step height (Kodak, USA). The spe-
cimens were imaged three times by setting the digital x-ray 
device (Romex-program, Planmeca Oy, Helsinki, Finland) at a 
voltage of 63 Kvp, current of 6 mA, exposure time of 0.125 s 
and focal spot distance (target-film distance) of 40 cm (Fig. 1). 
Standardisation of the focal length and 90° angulation of the 
central X-ray was ensured by a designed holder. 

Radiopacity was determined following the methods in ISO 
13116/2014. Digital images obtained were exported to Image J 
software (National Institute of Health) for greyscale analysis. 
The mean greyscale value was measured from five different 
locations for each specimen and each step of the Al step- 
wedge from three radiographs. A total of fifteen readings 
were obtained per material thickness (n = 15). 

A graph of the aluminium thickness (mm) vs grayscale 
values of each aluminium step was plotted, and a non-linear 
trend line was obtained for each radiograph (Fig. 2). The 
radiopacity of each specimen, expressed in mm Al, was then 
determined using the trend line equation. 

2.5. Radiopacity versus CAD/CAM specimen thickness 

Additional CAD/CAM specimens were prepared with five 
different thicknesses (0.5, 1, 1.5, 2, and 2.5 mm) and with 

Fig. 1 – Representative radiographs showing all specimens along with a tooth Section (1- and 2-mm thickness) and 
aluminium step-wedge. Upper row, from left to right: CS, GB, VE, VM II, LU. Lower row, from left to right: FZ, BE, TN, BV, 
RX, VK.   
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three specimens (n = 3) per thickness. Sets of specimens 
(each representing five thicknesses) of each material were 
radiographed together with the Al step wedge (Fig. 3). The 
radiopacity (n = 15) was determined as per the methodology 
described above. 

2.6. Statistical analysis 

The radiopacity data were evaluated using SPSS statistical 
software (SPSS Inc., Chicago, IL, USA). The data were ex-
amined to determine if they were normally distributed. 
However, the variances were not homogeneously distributed 
after running the Shapiro-Wilk and Levene’s tests, respec-
tively. Therefore, data are reported as medians and inter-
quartile ranges (IQR) were analysed with Kruskal-Wallis, 
followed by pairwise comparisons at a significant level of 5%. 
To investigate the relationships between radiopacity and 
CAD/CAM specimen thickness, quadratic and linear regres-
sion analyses were performed. 

3. Results 

3.1. Surface analysis 

Representative SEM images showed different surface topo-
graphies among the materials (Fig. 4). 

3.2. Radiopacity of CAD/CAM materials 

The radiopacity data are presented in Fig. 5 and Table 2. 
Among the CAD/CAM materials, there were no significant 

differences in the median radiopacities of GB, CS and LU at 
similar thicknesses. However, they were significantly higher 
than that for VE and VM II (p  <  0.0001). 

At 2 mm thickness, GB, CS, and LU demonstrated higher 
radiopacity than their specimens at 1 mm thickness with 
statistical significance where the highest was GB 
(2.18  ±  0.03). However, VE and VM II did not show any sta-
tistically significant difference between the two thicknesses. 

The radiopacities of the CAD/CAM and resin-based mate-
rials were compared to that of enamel and dentin (Table 3). 
The median radiopacity for dentin at 1 mm thickness was 
0.83 mm Al/ 1-mm, and a radiopacity difference of more than 
0.5 mm Al was considered radiographically detectable (ISO 
13116/2014). Based on that, the 2-mm thick specimens of GB, 
CS, and LU were radiographically detectable and statistically 
significant from dentin, unlike VM II and VE, which were 
lower than enamel and dentin. At 1 mm thickness, all the 
CAD/CAM specimens presented median radiopacities closer 
to enamel or slightly lower. 

3.3. Comparisons between CAD/CAM and substrates 

At 1 mm thickness, there were no significant differences be-
tween the median radiopacities of VE and VM II and several 
resin-based materials, including both luting resins RX and VK 
(Fig. 5). However, at 2 mm thickness, a statistically significant 
difference was detected compared to FZ, TN, RX, and VK 
(Table 3). BE and BV showed no significant differences to VE 
and VM II at both thicknesses. 

3.4. Radiopacity and composition 

EDS elemental analysis revealed variable levels of zirconium 
(atomic number 40) distributed among all specimens (1.5 – 
16.7%). In comparison, barium (atomic number 56) and 
strontium (atomic number 38) were found in some materials 
ranging between 0.3% and 10.8% (Table 4). 

There was no correlation between the radiopacity (mm Al) 
and the total mass percentage of these three radiopacifying 

Fig. 2 – Representative trend of mean grayscale values (GS) vs Aluminium thickness (mm). It should be noted that the 
absolute values of GS will vary with each radiographic exposure.   
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elements. However, radiopacity increased with increasing wt 
% filler content of the conventional resin-based materials (r2 

= 0.68). This was statistically significant (p = 0.042). A positive 
linear relationship was found between radiopacity and the 
filler mass percentage of the CAD/CAM resin composites (r2 

= 0.94), but this was not statistically significant (p = 0.155). 

3.5. Radiopacity versus CAD/CAM specimen thickness 

Positive quadratic relationships between radiopacity and the 
thickness of GB, CS, and LU were obtained (r2 = 0.99). Also, 
there were positive linear relationships between radiopacity 
and VE and VM II (r2 = 0.95) (Fig. 6). 

GB had the highest radiopacity at 2.5 mm thickness   

(3.4 mm Al), followed by LU and CS. In contrast, VE and VM II 
showed steadily lower radiopacities below 1 mm Al or dentin 
at all material thicknesses up to 2.5 mm (Fig. 6). 

4. Discussion 

In the present study, the radiopacity of two thicknesses of 
restorative CAD/CAM and substrate materials, as defined in 
3.2, were investigated using digital radiographs along with an 
Al step wedge. Considerable differences in radiopacity were 
observed between the different CAD/CAM materials. The 
radiopacity of resin composites was higher than that of 
ceramics and hybrid ceramics within each thickness 

Fig. 3 – Representative radiographs showing CAD/CAM specimens in five thicknesses along with the aluminium 
step-wedge.   
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(p  <  0.0001). A positive relationship was detected between 
the thickness of CAD/CAM specimens and their radiopacity. 
Therefore, the first and third null hypotheses were rejected. 

4.1. Comparisons with Substrate Materials 

Compared to tooth structure, the radiopacity of the CAD/CAM 
resin composites was higher than that of dentin (p  <  0.0001) 
and the difference was radiographically detectable at 2-mm 

thickness, but not at 1-mm thickness. Our results confirmed 
that polymer-infiltrated ceramic and feldspathic ceramic 
CAD/CAM materials had lower radiopacities than enamel 
(p  <  0.0001) but were not different from dentin (p  <  1). These 
findings were comparable to previous studies [6–8,10,11], 
where researchers suggested identifying the relatively radi-
olucent restorations by contrast with the radiopacity of luting 
cements. Hence, our study compared the radiopacity of dif-
ferent substrate resin-based materials and luting cements 

Fig. 4 – Representative SEM images of CAD/CAM and resin-based materials at 5000 × magnification.    
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with that of the aesthetic CAD/CAM restoratives. The results 
demonstrated insufficient differences in radiopacity between 
VE and many substrate materials, which challenges the pre-
vious recommendations. Also, the radiopacity of the sub-
strate resin-based materials varied considerably when 
compared to enamel and dentin. Consequently, the second 
null hypothesis was partially rejected. 

Fig. 5 – Radiopacity in mm Al among 1- and 2- mm thick specimens of CAD/CAM and resin-based materials compared to 
enamel and dentin (n = 15). The red dotted line roughly marks the radiopacity of dentin, where a difference of 0.5 mm Al is 
required for radiographic detection of a restorative material.   

Table 2 – Radiopacity expressed in mm Al per mm specimens of study materials compared to enamel and dentin (n = 15).               

Materials Grayscale values Radiopacity mm Al Grayscale values Radiopacity mm Al 

1 mm 2 mm 

Median IQR Median IQR p value Median IQR Median IQR p value 

E D E D  

CAD/CAM Materials 
GB  59.5  0.69  1.04  0.01 NS NS  107.6  0.79  2.18  0.03 NS S 
LU  54.9  1.46  0.96  0.02 NS NS  103.9  0.86  2.05  0.03 NS S 
CS  53.7  1.32  0.94  0.02 NS NS  93.6  0.74  1.73  0.02 NS NS 
VM II  37.2  1.01  0.72  0.01 S NS  50.7  0.86  0.85  0.01 NS NS 
VE  31.3  0.58  0.65  0.01 S NS  44.4  0.89  0.77  0.01 NS NS 
Resin-based materials 
TN  96.8  0.77  1.9  0.02 NS S  149  1.37  4.34  0.1 S S 
FZ  81.2  1.08  1.47  0.03 NS S  124.2  0.67  2.88  0.03 S S 
VK  55.5  1.57  0.97  0.03 NS NS  130.4  0.8  3.19  0.04 S S 
RX  49.9  0.79  0.88  0.01 S NS  89.3  0.94  1.61  0.03 NS NS 
BE  48.8  1.11  0.87  0.02 S NS  83.5  1.09  1.47  0.03 NS NS 
BV  27.9  0.26  0.62  0 S NS  34.4  0.78  0.65  0.01 S NS 
Tooth structure 
E  62.6  2.66  1.09  0.05    86.6  0.83  1.54  0.02   
D  46.3  2.02  0.83  0.03    62.8  1.31  1.04  0.02   

Materials in each category are ranked from highest radiopacity to lowest. S: statistically significant difference, NS: not statistically significant. 
(Kruskal-Wallis test and pairwise comparisons; p  <  0.05.    

Table 3 – Pairwise comparisons of median radiopacities 
between CAD/CAM materials and different resin-based 
materials (2 mm) at p  <  0.05 (n = 15).         

Material FZ BE TN BV RX VK  

GB NS S NS S NS NS 
CS NS NS S S NS NS 
LU NS NS NS S NS NS 
VM II S NS S NS S S 
VE S NS S NS S S 

S: statistically significant, NS: not statistically significant.    
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4.2. Evaluating ISO standards 

Despite the clinical significance of radiopacity as an intrinsic 
material property, the optimum level has not been specified 
in any International Standard for CAD/CAM restorative ma-
terials. For conventional resin composites, however, con-
troversial radiopacity requirements have been included in 
current ISO standards [3,5] indicating that the radiopacity of 
resin composites should be equal to, or at least not less than, 
0.5 relative to that of an highly pure aluminium of similar 
thickness. The standard was based on the equivalency in 
radiopacity of 1 mm-thick Al to dentin of similar thickness 
and a minimum difference of 0.5 mm Al is required to 
achieve an observed radiographic distinction. 

The ISO standards described two methods of recording 
the radiopacity as equivalents of mm Al thickness, a direct 
one through a densitometer - usually used with the conven-
tional radiographs - and an indirect digital method using 

suitable imaging software to record the grayscale values 
(pixels). Conversely, a few studies measured the relative 
radiopacity using the black background of the film instead of 
a standard reference. 

The different imaging techniques and methodologies for 
measuring and analysing the radiopacity have resulted in 
variations in the values for a single material among different 
studies. However, it is clearly stated in the ISO standards that 
the obtained values are not a pass or fail but rather a way to 
compare the radiopacity through ranking a set of materials 
exposed under similar radiographic settings. Therefore, 
comparing radiopacity data obtained from different studies is 
not accurate and should be avoided. Three main points can 
be identified that challenge these standards. 

1. The lower limit for radiopacity (between dentin and en-
amel) is too low [2,12]. To be suitable in clinical radio-
graphy, the radiopacity of a dental restoration must be 

Table 4 – Elemental composition and distribution of selected radiopacifying elements among study materials and filler 
loading measured by ash method.        

Materials Filler content % of Elements with high atomic number 

wt% SD Strontium (38) Zirconium (40) Barium (56)  

GB  83.6  0.02 1.7  5.4 3.4 
LU  75  0.03 –  3.4 4.2 
CS  65.7  0.18 0.4  2.3 – 
VM II  99.9  0.01 –  9 1.3 
VE  86.1  0.18 0.9  7.5 1.2 
FZ  79.2  0.39 –  1.5 – 
TN  73.4  0.39 0.3  5.8 – 
VK  72.9  0.47 –  1.4 5.6 
RX  65.2  0.25 0.8  3.4 – 
BE  47.8  0.32 –  16.7 10.8 
BV  45.5  0.32 –  4.1 –   

Fig. 6 – Quadratic and linear regression analyses of radiopacity and CAD/CAM thickness.    
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greater than that of enamel, especially in thin aesthetic 
restorations. However, there needs to be an upper limit to 
avoid impeding detection of caries [2].  

2. The purity of aluminium step-wedges must be sufficient 
to ensure its assumed equivalence to dentin. Intra-lab re-
producibility variations were reported among the Al step 
wedges due to either complex machining or the un-
controlled presence of copper and iron traces in the final 
product [13]. 

3. The measured radiopacities of enamel and dentin speci-
mens varied considerably among some studies due to a 
combination of experimental and biological variations  
[14]. Also, tooth sections can vary in type and direction 
between longitudinal and the less common occlusal cross- 
sections. Although including sections of tooth structure in 
radiographic image assessment may improve the clinical 
relevance [2], such variations can produce other in-
accuracies. 

Despite these recognised flaws, many researchers con-
tinue to apply the ISO 13116 methodology due to its simpli-
city and the consistency of the resultant ranking across 
studies. The radiopacity of CAD/CAM materials investigated 
were comparable to several previous studies [6,8,10,11,15]. 

4.3. Instrumentation variables 

Digitilizing the radiographic system has minimised the pro-
cessing errors associated with conventional radiographs and 
improved exposure reproducibility [7]. The imaging system, 
film type, focal distance, exposure time, and voltage affect 
both conventional and digital radiopacity measurements  
[16]. Therefore standardisation is required. 

In dentistry, the X-ray voltages range from 60 to 70 Kvp [4], 
which lead to variations in apparent radiopacity [16,17]. 
However, maintaining consistent exposure parameters pro-
duced minimal differences between the digital radiographs  
[18]. Relatively lower radiopacities were associated with 60 
Kvp than 70 Kvp, as observed in one study where 1-mm thick 
luting cements were not detected in a radiographic image  
[17]. Therefore, the lower radiopacities found in this study for 
VK and RX compared with some other studies could result 
from lower voltage use (63 Kvp). 

Modern digital imaging systems are equipped with a 
variety of image acquisition controls (IAC) that automatically 
adjust the over-or under-exposure of the radiographic image 
before displaying it on the monitor [4,19]. Providing that this 
limitation is accepted, the effect of IAC may be ignored given 
that the experimental set up simulates a routine dental 
radiograph using the same machine with standardised ex-
posure parameters applied by one operator. Furthermore, all 
material specimens were radiographed along with both the 
Al standard for quantitative assessment and a longitudinal 
section of a natural tooth for subjective assessment. 

4.4. Radiopacity and material composition 

Different materials exhibit varying radiopacities based on 
their chemical compositions and microstructures. The 
radiopacity is mainly achieved by incorporating heavy 

elements (atomic number > 20) into the inorganic filler phase 
without jeopardising the optical and physical material prop-
erties. The filler technology involves the chemical nature, 
particle size, content, and distribution within the resin ma-
trix. Our EDS results revealed variable levels of zirconium 
distributed among all tested specimens, while barium and 
strontium were found in some materials as radiopacifying 
elements. One study demonstrated a relationship between 
the radiopacity of resin composites and the filler particle size 
and shape [20]. Although the resin matrix had a limited 
contribution, a study suggested that HEMA and MDP posi-
tively contributed to the radiopacity of two resin cements of 
similar filler content [21]. Thus, more studies are required to 
identify the contribution of filler technology and different 
combinations of the polymer resin matrix. 

The addition of radiopacifiers is a property-controlled 
process due to potential adverse effects on translucency and 
colour stability of aesthetic materials. Barium is one of the 
most common radiopacifiers but the amount included is re-
stricted due to its effects on translucency [22]. A non-aes-
thetic, bulk-fill resin composite such as TN requires higher 
radiopacity (2 mm Al/1 mm) to be distinguished at deep 
margins. However, excessive radiopacity impeeds the detec-
tion of open margins and secondary caries because of sha-
dows forming around the edges of two contrasting objects 
known as Mach bands [23]. 

No clear relationship between filler mass percentage and 
radiopacity was established between all of the investigated 
materials, as also found in previous studies [15,16]. However 
for the three CAD/CAM resin-composites (CS, LU, GB), the 
filler mass percentage did correlate with radiopacity (r2 

= 0.94), although this correlation was not statistically sig-
nificant (p  >  0.05). Their filler content were 65.7, 74.9 and 
83.6 wt%, respectively. 

The radiopacities of VE and VM II were low despite the 
presence of some radiopacifying elements. These ceramics 
contain dense glass matrices and crystalline additives such as 
lithium disilicate, silicon and alumina. Similar results were 
found for IPS.eMAX CAD, a lithium disilicate glass-ceramic [8]. 

Conventional luting cements such as zinc phosphate, have 
higher radiopacity than resin-based ones [21]. Radiopacity stu-
dies are often made with 1 or 2 mm thick specimens [10,21,24]. 
In the current study, the radiopacities of VK and RX - supplied 
in auto-mix syringes - were investigated at both thicknesses. At 
1 mm thickness, low levels of radiopacity were found for VK 
and RX. But at 2 mm thickness, VK showed higher radiopacity 
than RX. However, sufficient apparent radiopacity is required 
for thinner film thicknesses. The clinically acceptable cement 
thickness for CAD/CAM restorations ranges between 50 and 
200 µm [25]. Many dentine adhesives lack sufficient radiopacity. 
The adhesive appears as a dark layer between the restoration 
and the tooth [2,26]. Sufficient radiopacity is required when 
selecting resin-based luting cements for aesthetic restorations 
placed in deep cavities. 

4.5. Specimen thickness and radiopacity 

In minimally invasive dentistry, ultra-thin CAD/CAM restora-
tions are used increasingly, where their radiopacity in thin 
sections is critical. The thickness of a veneer in the aesthetic 
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zone ranges from 0.3 to 0.7 mm. However, the CAD/CAM spe-
cimens demonstrated matching or slightly lower radiopacity 
than enamel at 1 mm thickness. At 2 mm thickness, all mate-
rials were detected radiographically except BV, VE, VM II. 

Progressive increase in CAD/CAM specimen thickness re-
sulted in higher radiopacities for resin composites (r2 = 0.99) 
but to a less degree for hybrid ceramics (r2 = 0.95). Specimen 
thickness was a variable factor in its contribution to radio-
graphic appearance. For instance, the radiopacity of VE and 
VM II specimens showed no statistically significant differ-
ences for thickness increases from 0.5 mm to 2.5 mm (Fig. 6). 
Comparing radiopacities of VE specimens at 0.5 and 2.5 mm, 
the difference was minimal and radiographically un-
detectable (< 0.5 mm Al). This translates to a clinical chal-
lenge where posterior restorations as onlays or post and 
cores would not be easily distinguishable (Fig. S1). 

5. Conclusions 

With the development and expanded application of ‘digital’ 
dental materials in restorative dentistry, radiopacity data is 
necessary information. This study confirmed the joint influ-
ence of composition and thickness. CAD/CAM restorative 
materials showed thickness-dependant radiopacity and hy-
brid ceramics were fairly radiolucent. At 1-mm thin sections, 
all the CAD/CAM materials demonstrated radiopacity similar 
to or below the enamel, challenging their detection on a 
standard digital radiograph. Different substrate materials 
showed varying degrees of radiopacity compared to the tooth 
structure and CAD/CAM restorations. 

Acknowledgement 

The authors thank the College of Dentistry Research Centre 
and Deanship of Scientific Research at King Saud University, 
Saudi Arabia, for facilitating this project (Research Project # 
FR 0547). The Saudi Arabian Cultural Bureau in London is 
thanked for financial support. 

Appendix A. Supporting information 

Supplementary data associated with this article can be found 
in the online version at doi:10.1016/j.dental.2022.04.025. 

references  

[1] Guelfguat M, Dipoce J, Dipoce J. A dental nightmare, 
resolved: what a radiologist needs to know when consulted 
about ingestion of dental foreign body material. BJR Case Rep 
2016;2(2):20150166. 

[2] Ferracane JL, Hilton TJ, Stansbury JW, Watts DC, Silikas N, 
Ilie N, et al. Academy of dental materials guidance-resin 
composites: part II-Technique sensitivity (handling, 
polymerization, dimensional changes). Dent Mater 
2017;33(11):1171–91. 

[3] ISO:13116:2014 (E). Dentistry — Test Method for Determining 
Radio-Opacity of Materials 2014. 

[4] Darvell B. Chapter 26 - Radiography. Materials Science for 
Dentistry. tenth ed. Woodhead Publishing; 2018. 

[5] BS EN ISO 4049:2019 - Dentistry. Polymer-based restorative 
materials. 2019. 

[6] Koizumi H, Okamura K, Hiraba H, Kodaira A, Yoneyama T, 
Matsumura H. Radiopacity of computer‐aided design/ 
computer‐aided manufacturing composite resin blocks. Eur J 
Oral Sci 2020;128(3):241–5. 

[7] Hosney S, Kandil M, El-Mowafy O. Radiopacity of nonmetallic 
CAD/CAM restorative blocks. Int J Prosthodont 
2016;29(3):271–3. 

[8] Atala M, Atala N, Yeğin E, Bayrak S. Comparison of 
radiopacity of current restorative CAD/CAM blocks with 
digital radiography. J Esthet Restor Dent 2019;31(1):88–92. 

[9] Eldafrawy M, Nguyen J, Mainjot A, Sadoun M. A functionally 
graded PICN material for biomimetic CAD-CAM blocks. J 
Dent Res 2018;97(12):1324–30. 

[10] Erzurumlu ZU, Sagirkaya CE, Erzurumlu K. Evaluation of 
radiopacities of CAD/CAM restorative materials and resin 
cements by digital radiography. Clin Oral Investig 
2021;25(10):5735–41. 

[11] Elhelbawy NG, Ghouraba RF, Hasaneen FA. A Comparative 
evaluation of the radiopacity of contemporary restorative 
CAD/CAM blocks using digital radiography based on the 
impact of material composition. Int J Biomater 
2022;2022:4131176. 

[12] Saridag S, Helvacioglu-Yigit D, GA, Özcan M. Radiopacity 
measurements of direct and indirect resin composites at 
different thicknesses using digital image analysis. Dent 
Mater J 2015;34(1):13–8. 

[13] Watts DC, McCabe JF. Aluminium radiopacity standards for 
dentistry: an international survey. J Dent 1999;27(1):73–8. 

[14] Fonseca R, Haiter-Neto F, Fernandes-Neto A, Barbosa G, 
Soares C. Radiodensity of enamel and dentin of human, 
bovine and swine teeth. Arch Oral Biol 2004;49(11):919–22. 

[15] Irmak Ö, Demirel G, Aydın F, Görmüş T, Kolsuz ME. Radiopacity 
of resin-based CAD/CAM blocks assessed by areal grayscale 
pixel value measurement. J Oral Sci 2021;63(3):227–30. 

[16] Dukic W, Delija B, Derossi D, Dadic I. Radiopacity of 
composite dental materials using a digital X-ray system. 
Dent Mater J 2012;31(1):47–53. 

[17] Wadhwani C, Hess T, Faber T, Piñeyro A, Chen C. A 
descriptive study of the radiographic density of implant 
restorative cements. J Prosthet Dent 2010;103(5):295–302. 

[18] Gu S, Rasimick B, Deutsch A, Musikant B. Radiopacity of 
dental materials using a digital X-ray system. Dent Mater 
2006;22(8):765–70. 

[19] Seong W, Kim H, Jeong S, Heo Y, Song W, Ahmad M. The effects 
of image acquisition control of digital X-ray system on 
radiodensity quantification. Restor Dent Endod 2013;38(3):146–53. 

[20] Marghalani HY. Effect of filler characteristics on radiopacity 
of experimental nanocomposite series. J Adhes Sci Technol 
2018;32(14):1599–611. 

[21] Pekkan G, Ozcan M. Radiopacity of different resin-based and 
conventional luting cements compared to human and 
bovine teeth. Dent Mater J 2012;31(1):68–75. 

[22] Ralf J. Dental Resins-Material Science & Technology: 
Advanced Level. third ed. tredition GmbH,; 2021. 

[23] Berry HM. Cervical burnout and Mach band: two shadows of 
doubt in radiologic interpretation of carious lesions. J Am 
Dent Assoc 1983;106(5):622–5. 

[24] Hosney S, Abouelseoud H, El-Mowafy O. Radiopacity of resin 
cements using digital radiography. J Esthet Restor Dent 
2017;29(3):215–21. 

[25] Zhang Y, Dudley J. The influence of different cement spaces 
on the marginal gap of CAD/CAM all-ceramic crowns. Aust 
Dent J 2019;64(2):167–74. 

[26] Oztas B, Kursun S, Dinc G, Kamburoglu K. Radiopacity 
evaluation of composite restorative resins and bonding agents 
using digital and film x-ray systems. Eur J Dent 2012;6(2):115–22.  

1081 dental materials 38 (2022) 1072–1081   


	Is the radiopacity of CAD/CAM aesthetic materials sufficient?
	1. Introduction
	2. Materials and methods
	2.1. Specimen preparation
	2.2. Surface and chemical analysis (SEM and EDS)
	2.3. Filler content determination
	2.4. Radiopacity measurement
	2.5. Radiopacity versus CAD/CAM specimen thickness
	2.6. Statistical analysis

	3. Results
	3.1. Surface analysis
	3.2. Radiopacity of CAD/CAM materials
	3.3. Comparisons between CAD/CAM and substrates
	3.4. Radiopacity and composition
	3.5. Radiopacity versus CAD/CAM specimen thickness

	4. Discussion
	4.1. Comparisons with Substrate Materials
	4.2. Evaluating ISO standards
	4.3. Instrumentation variables
	4.4. Radiopacity and material composition
	4.5. Specimen thickness and radiopacity

	5. Conclusions
	Acknowledgement
	Appendix A. Supporting information




