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Statement of problem. Computer-aided design and computer-aided manufacturing 

(CAD/CAM) resins exhibit good mechanical properties and can be used as long-term 

restorations. The wear rate of such resins and their enamel antagonists is unknown. 

Purpose. This study tested and compared the 2-body wear rate of CAD/CAM resin blocks. 

Material and methods. Wear specimens (N=42, n=6) were made from 5 CAD/CAM resins: 

ZENO PMMA (ZP), artBloc Temp (AT), Telio CAD (TC), Blanc High-class (HC), CAD-

Temp (CT); 1 manually polymerized resin: Integral esthetic press (negative control group, 

IEP); and 1 glass-ceramic: VITA Mark II (positive control group, VM2). The specimens for 

the wear resistance were aged in a thermomechanical loading machine (49 N, 1.67 Hz, 

5/50°C) with human enamel antagonists. The material loss of all specimens before, during, 

and after aging was evaluated by using a 3DS profilometer. The measured material loss data 

of all tested groups were statistically evaluated with linear mixed model analysis (P<.05).  

Results. Manually polymerized resin showed significantly higher material wear (P<.001) 

than all tested groups. Glass-ceramic showed significantly lower wear values (P<.001) than 

CAD/CAM resins ZP, AT, HC, CT and IES. CAD/CAM resin TC was not significantly 

different from the positive control group. Glass-ceramic showed the highest enamel wear 

values (P<.001) of all tested resins. No differences were found in the enamel wear among all 

resins. The glass-ceramic group showed damage in the form of cracks on the worn enamel 

surface in 50% of specimens. 

Conclusion. CAD/CAM resins showed lower wear rates than those conventionally 

polymerized. Only one CAD/CAM resin, TC, presented material wear values comparable 

with glass-ceramic. The tested glass-ceramic developed cracks in the enamel antagonist and 

showed the highest enamel wear values of all other tested groups.  

 

CLINICAL IMPLICATION 
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CAD/CAM resins with lower wear than conventionally polymerized resins may be an 

appropriate choice for long-term use because they showed lower wear on enamel antagonists 

than glass-ceramic.  

 

INTRODUCTION  

 Computer-aided design and computer-aided manufacturing (CAD/CAM) technology 

allows milling of different materials for dental applications. As an alternative to ceramics, 

CAD/CAM polymers have been recently introduced for dental restorations, which can be 

processed more rapidly and at a lower cost.1 The resin CAD/CAM blocks are polymerized at 

high temperature and pressure under controlled conditions, resulting in consistent chemical 

and mechanical properties and higher flexural resistance than manually polymerized blocks.1-

4 In general, because manually polymerized resins show lower fracture resistance, they are 

only indicated for interim fixed dental prosthesis (FDPs).1-3 After 3 months of water storage 

at 37°C and 5000 thermal cycles, CAD/CAM resin 3-unit FDPs showed significantly higher 

fracture load than those manually polymerized.1 Another study tested the fracture load of 3-

unit polymeric FDPs after 1.2 million masticatory cycles and observed higher and unaffected 

values by aging compared to manually polymerized resins and glass-ceramic FDPs.4 

Therefore, polymeric CAD/CAM resins can be considered for long-term restorations and 

replace the indication for glass-ceramics for some patients. Furthermore, it was reported that 

polymeric CAD/CAM resins exhibited similar color stability to glass-ceramic.5 The 

mechanical properties, such as flexural strength of glass-ceramic,6 are comparable to resins,7 

but the hardness values of glass-ceramic8 are higher than those of resins.7 An advantage of all 

resin-based materials is their plastic deformability, which could prevent the spontaneous 

fracture of the restoration.  

 One of the important properties of dental materials is their wear resistance. Wear rate 
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is defined as the loss of restorative material and/or its antagonist. The wear results because of 

mechanical contact in a solid or liquid body, or impact of chemical or  mechanical reactions.2 

The physical properties of enamel,9,10 parafunctional habits, eating habits, and the antagonist 

material have been reported to influence clinical wear.10-17 The authors identified no 

information to date on the wear of polymeric CAD/CAM resins. 

 In vitro wear tests have been performed using different devices such as the ACTA, 

Zurich, Alabama, Freiburg, Minnesota, OHSU, or Newcastle wear simulators.13 These test 

methods differ in the design, antagonist material, test medium, force application, and mobility 

of specimens.13,18,19 The Zurich wear test method used human enamel antagonists, possibly 

making the test more clinically relevant.13 

 The objective of this study was to determine the 2-body wear rate of industrially 

polymerized CAD/CAM resins and compare this to manually polymerized resin and glass-

ceramic. The study tested the null hypotheses that 1) the wear of CAD/CAM resins would be 

similar to manually polymerized resin, 2) the wear of CAD/CAM resins would be similar to 

glass-ceramic, and 3) the wear of antagonists of all tested groups would be similar.  

 

MATERIAL AND METHODS 

 This study investigated the 2-body wear of 5 CAD/CAM resins: ZENO PMMA (ZP), 

artBlock Temp (AT), Telio CAD (TC), Blanc High-class (HC), CAD-Temp, 1 manually 

polymerized resin: Integral esthetic press (negative control group, IEP), and 1 glass-ceramic 

VITA MARK II (positive control group, VM2) and their enamel antagonists by using the 

Zurich wear simulation (ISO/TS 14569-2).13 The experimental groups are listed in Table I. 

For wear resistance testing, each test group included 6 specimens. The sample size was based 

on similar previous studies, which showed significant differences with a similar sample 

size.20,21 No a priori power analysis was performed. 
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 All CAD/CAM resins and glass-ceramic blocks were cut to a thickness of 2 mm with 

a low-speed diamond saw (Well 3241; Well Diamond Wire Saws Inc, Mannheim, Germany). 

The specimens were embedded in the center of circular stainless steel molds (inside diameter: 

15 mm) with an autopolymerizing acrylic resin (DuraLay; Reliance Dental Mfg. Co, Worth, 

Ill). The manually polymerized IEP resin was directly poured into a stainless steel mold and 

polymerized according to the manufacturer’s instruction in a pressure pot (30 min, 45 min, 

0.25 MPa, Ivoclar Vivadent, Schaan, Liechtenstein). Subsequently, all specimens were 

polished with SiC paper P400, P12000, and P2400 (LaboPol-21; Struers, Ballerup, 

Denmark).  

 The specimens were aged in a custom-made mastication simulator (University of 

Zurich). The simulator was computer-controlled, exerting a maximum occlusal load of 49 N 

at 1.67 Hz. Thermal stresses varied between 5°C to 50°C every 120 seconds. The 

mesiobuccal cusps of maxillary human molars fixed in amalgam (Dispersalloy; Dentsply; 

Konstanz, Germany) were used as the antagonists. The tips of the cusps were adjusted to a 

spherical shape. The track of the enamel across the specimen surface was 2 mm. Figure 1 

demonstrates the fixed specimens in the mastication simulator. The abraded surfaces were 

loaded intermittently. The protocol used for the mastication simulation was similar to 

previous studies.20,21 The vertical material loss (µm) from the specimens and their enamel 

antagonists was analyzed with a custom made 3DS profilometer (University of Zurich). 

Measurements were made before aging (initial) and after 120 000, 240	 000, 640	 000, and 1	 

200	 000 masticatory cycles.13 The profiles with congruent points were overlapped, and the 

initial measurements were subtracted from later measurements. Subsequently, the material 

loss (µm) from the specimens and their enamel antagonists was calculated with the 3DS 

software (University of Zurich).  

 Additionally the specimens were analyzed with scanning electron microscopy (SEM) 
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(Carl Zeiss Supra 50 VP FESEM; Carl Zeiss, Oberkochen, Germany) after the wear tests.  

Descriptive statistics for all tested groups in each aging time were calculated. Linear 

mixed models for 2 different baselines (positive and negative control group) were applied to 

investigate the influence of the number of masticatory cycles, the restorative 

materials/enamel, and the interaction between them. The measured material loss data were 

analyzed with the statistical software (SPSS, v19; SPSS Inc, Chicago, Ill). The results of 

statistical analyses with P-values less than .05 were interpreted as statistically significant.  

 

RESULTS 

 The mean with standard division of the wear results of the materials and their enamel 

antagonists are presented in Figure 2. In general, the material (P<.001) and the number of 

masticatory cycles (P<.01) had a significant effect on the wear (Table III and IV). 

Material wear 

 The negative control group, IEP, showed significantly higher material wear (P<.001) 

than all CAD/CAM resins and the positive control group, VM2. Depending on masticatory 

cycles, the increase in the wear values was higher for the negative control group than for the 

CAD/CAM resins ZP, TC, HC, and the positive control group (Table III, Fig. 2). 

The positive control group, VM2, showed significantly lower wear values (P<.001) than the 

CAD/CAM resins ZP, AT, HC, CT, and the negative control group, IES. The CAD/CAM 

resin TC did not significantly differ from the positive control group. Depending on the aging 

time, the increase in the wear values was lower for the positive control group than for the 

CAD/CAM resins AT, CT, and the negative control group IEP (Table III, Fig. 2). 

Antagonist enamel wear 

 The positive control group VM2, glass-ceramic showed the highest enamel wear 

values (P<.001) with the highest increase in material lost (P<.001) compared to all 
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CAD/CAM resins and the negative control group, IEP. No differences were found in the 

enamel wear between all resins (Table IV, Fig. 3 and 4). 

 An evaluation of the enamel antagonists with SEM showed damage in the form of 

cracks on the worn enamel surfaces of the glass-ceramic group. For both manually 

polymerized and CAD/CAM resins, no damage to the enamel antagonists was observed. 

 

DISCUSSION  

 All industrially polymerized CAD/CAM resins showed lower vertical material loss, 

wear than manually polymerized resins. Therefore, the first null hypothesis of this study was 

rejected.  

The second null hypothesis tested was whether the wear of CAD/CAM resins would 

be similar to glass-ceramic. Four CAD/CAM resins showed higher material wear values 

compared to glass-ceramic. Only one CAD/CAM resin, TC, showed similar wear to glass-

ceramic. Therefore, this hypothesis could be partially rejected. TC is a 

polymethylmethacrylate (PMMA) resin without organic or inorganic filler. In general, no 

correlation was found between the tested CAD/CAM resins and their composition. Therefore, 

it is possible that the press and polymerization parameters of the CAD/CAM resins have a 

significant impact of the wear rate.  

 The third null hypothesis was to test whether the wear of the antagonists of all tested 

groups would be similar. The glass-ceramic showed significantly higher wear on the 

antagonists than on the resins. Therefore, the third null hypothesis was rejected. The hardness 

values of glass-ceramic compared to resins were higher. The hardness, and surface texture of 

the restoration surface are the most important criteria for lower wear rate. For higher 

mechanical properties, glass-ceramic is reinforced by using further ceramic particles. While 

the thermomechanical loading process the particles may be pulled out.  Consequently, with 
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the increase in the masticatory cycles during the aging process, the wear rate of the glass-

ceramic increased. Therefore, the material surface was rough and increased the abrasion of 

the enamel antagonists. Additionally, the enamel antagonists showed damage in the form of 

cracks on the worn enamel surfaces of the specimens in the glass-ceramic group. For the resin 

groups, no damage of the enamel antagonists was observed. During aging in the chewing 

simulator, both surfaces (enamel antagonist and glass-ceramic/resin) were abraded by direct 

contact, and during the movement, the asperities must have been either fractured or 

deformed. If both surfaces are brittle, such as in the positive control group of enamel against 

glass-ceramic, fracture of the asperities does occur.   

 In all tested groups in this study, the wear standard deviation varied highly. The lack 

of homogeneity in the human enamel antagonists, in the thickness or geometry of the enamel 

layers, and in the storage conditions possibly affected the results.14 The variations in the 

morphologies of the human tooth affect the wear rate. 13 However, the used of human enamel 

antagonists represents clinical situations.  

 Little or no correlation was found between in vitro and in vitro studies.14 This could 

be attributed to the magnitude of force and the frequency.10,15-17 In this study, thermal cycling 

with water also contributed to the aging of the specimens.14 

 As the measurements for each specimen were made before aging and after 4 

additional masticatory cycles, the predictor MC can be considered to be a dimensional 

variable rather than a factor with 5 levels as visualized in Figures 2 and 3. In such a case, the 

multiple regression methodology applies, and the estimated regression coefficients, along 

with their 95% CIs, for each of the materials in a regression model can be used to assess 

whether the materials differ. The baseline can be set to be the positive or alternatively the 

negative control group. As the tested specimens were used repeatedly for all MC and the 

measurements from each specimen were correlated, the longitudinal data were considered for 
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statistical analysis. Consequently, the linear mixed models with random intercept, which were 

adjusted for the correlated data, were applied in order to investigate the influence of the 

number of chewing cycles.  

A limitation of this study was the choice of the control groups. For the positive 

control group, glass-ceramic was used; all other tested materials were filled or unfilled 

polymeric resins. This study compared different classes of materials with different wear 

mechanisms. Glass-ceramic is a brittle material, whereas the resins are ductile. The basic idea 

for this study was to test the wear properties of different CAD/CAM resins with the 

expectation that, in the future, glass-ceramic restorations may be replaced with resins. 

However, the currently available CAD/CAM resins exhibit higher wear values than glass-

ceramic. Additional work is needed to improve the wear properties of resins. Another 

limitation was the fact that no a priori power analysis was performed to determine sample 

size.  

One study investigated and compared different two- and/or three wear test devices 

such as ACTA (Academisch Centrum Tandheelkunde Amsterdam), Zurich (University of 

Zurich), Alabama (University of Alabama at Birmingham), MTS (Material Testing Systems), 

and OHSU (Oregon Health & Science University) for direct resin composites.18 The 

measured wear resistance of the tested resin composites with the different wear test methods 

showed no comparable results as all methods follow different wear testing concepts. 

However, in vitro studies for wear resistance tests show little correlation with clinical data19 

but do present a comparative evaluation of different materials under standardized 

conditions.10 The results of this study require clinical verification. 

 

CONCLUSION 

Within the limitations of this study, the following conclusions can be drawn: CAD/CAM 
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resins showed lower wear values than those manually polymerized. CAD/CAM resins 

showed higher wear values than glass-ceramic, with the exception of TC. Both manually 

polymerized and CAD/CAM resins showed lower enamel antagonist wear values than glass-

ceramic. Although in the glass-ceramic group 50% of the specimens developed cracks in 

enamel, no such damage was observed in the resin groups. 
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Table I. Test groups, abbreviations, brands, batch numbers, manufacturers and composition 

of tested materials 

Test group Abbreviation Batch 

Number 

Manufacturer Composition 

ZENO 

PMMA 

ZP 0483 Wieland Dental + 

Technik, 

Pforzheim, 

Germany 

PMMA-based 

artBlock 

Temp 

AT 13708 Merz Dental, 

Lütjenburg, 

Germany 

PMMA, OMP=organic 

modified polymer network 

Telio 

CAD 

TC MM1068 Ivoclar Vivadent, 

Schaan, 

Liechtenstein 

99.5% PMMA Polymer 

Blanc 

High-class 

HC 2007000908 Creamed, 

Marburg, Germany 

BODMA, Bis-GMA, 

UDMA, Strontium 

aluminum borosilicate glass 

70.1%, nanofilled 

CAD-

Temp 

CT 19180 Vita Zahnfabrik, 

Bad Säckingen, 

Germany 

Acrylic polymer with 14% 

microfiller. MRP= 

microfilled reinforced 

polyacrylate 

Integral 

esthetic 

press 

IEP 1/4106 

55007 

Merz Dental MMA, dimethacrylate, 

barbuturic acid catalyst 

system, PMMA, organic 
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and inorganic pigments 

Vita Mark 

II 

VM2 16341 Vita Zahnfabrik  SiO-based glass-ceramic 
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Table II. Estimates of regression coefficients for wear of restorative materials with positive (VM2) and negative group (IEP) as baseline (linear 

mixed model analysis) 

 With positive control group as baseline (VM2) With negative control group as baseline (IEP) 

Parameter Standard Error P 95% CI Standard Error Standard Error 95% CI 

Constant term -1.9 (12.7) .881 (-27.3;23.6) 105.5 (12.7) <.001 (80.0;131.0) 

ZP 66.4 (18.0) .001 (30.3;102.4) -41.0 (18.0) .026 (-77.0;-5.1) 

AT 66.6 (18.0) <.001 (30.5;102.6) -40.8 (18.0) .027 (-76.8;-4.9) 

TC 16.6 (18.0) .359 (-19.3;52.7) -90.8 (18.0) <.001 (-126.7;-54.8) 

HC 42.3 (18.0) .022 (6.3;78.4) -65.1 (18.0) .001 (-101.0;-29.1) 

CT 43.9 (18.0) .018 (7.9;79.9) -63.5 (18.0) .001 (-99.4;-27.6) 

IEP 107.4 (18.0) <.001 (71.4;143.4) 0 (0) - - 

VM2 0 (0) - - -107.4 (18.0) <.001 (-143.3;-71.5) 

Masticatory cycles 

(MC) 

2.2E-5 (8.7E-6) .012 (4.9E-6;4.0E-5) 7.9E-5 (8.7) <.001 (6.2E-5;9.7E-5) 

ZP × MC 5.9E-6 (1.2E-5) .635 (-1.8E-5;3.1E-5) -5.1E-5 (1.2E-5) <.001 (-7.5E-5;-2.7E-5) 

AT × MC 5.1E-5 (1.2E-5) <.001 (2.6E-5;7.5E-5) -6.7E-6 (1.2E-5) .588 (-3.1E-5;1.8E-5) 
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TC × MC -2.7E-6 (1.2E-5) .830 (-2.7E-5;2.2E-5) -6.0E-5 (1.2E-5) <.001 (-8.4E-5;-3.6E-5) 

HC × MC 1.2E-5 (1.2E-5) .337 (-1.2E-5;3.7E-5) -4.5E-5 (1.2E-5) <.001 (-6.9E-5;-2.1E-5) 

CT × MC 3.7E-5 (1.2E-5) .003 (1.2E-5;6.2E-5) -2.0E-5 (1.2E-5) .105 (-4.4E-5;4.3E-5) 

IEP × MC 5.7E-5 (1.2E-5) <.001 (3.2E-5;8.2E-5) 0 (0) - - 

VM2 × MC 0 (0) - - -5.7E-5 (1.2E-5) <.001 (-8.1E-5;-3.3E-5) 
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Table III. Estimates of regression coefficients for wear of enamel antagonist with positive (VM2) and negative group (IEP) as baseline (linear 

mixed model analysis) 

 With Positive Control Group As Baseline (VM2) With Negative Control Group As Baseline (IEP) 

Parameter Standard Error P 95% CI Standard Error P 95% CI 

Constant term 27.8 (3.3) <.001 (21.1;34.4) 7.5 (3.3) .026 (0.9;14.2) 

ZP -25.0 (4.6) <.001 (-34.2;-15.7) -4.8 (4.6) .311 (-14.0;4.6) 

AT -22.0 (4.6) <.001 (-31.4;-12.8) -1.8 (4.6) .697 (-11.1;7.6) 

TC -23.7 (4.6) <.001 (-33.1;-14.5) -3.5 (4.6) .45 (-12.8;5.8) 

HC -21.7 (4.6) <.001 (-31.0;-12.4) -1.5 (4.6) .753 (-10.7;7.9) 

CT -19.4 (4.6) <.001 (-28.7;-10.1) 0.8 (4.6) .867 (-8.5;10.2) 

IEP -20.2 (4.6) <.001 (-29.5;-10.9) 0 (0) - - 

VM2 0 (0) - - 20.2 (4.6) <.001 (10.8;29.6) 

Masticatory cycles (MC) 3.4E-5 (1.9E-6) <.001 (3.0E-5;3.8E-5) 8.0 (1.9) <.001 (4.4E-6;1.2E-5) 

ZP × MC -3.0 (2.8E-6) <.001 (-3.5E-5;-2.5E-5) -3.7E-6 (2.8E-6) .173 (-9.2E-6;1.7E-6) 

AT × MC -2.9 (2.8E-6) <.001 (-3.4E-5;-2.4E-5) -2.6E-6 (2.8E-6) .347 (-8.0E-6;2.9E-6) 

TC× MC -2.8 (2.8E-6) <.001 (-3.3E-5;-2.3E-5) -1.5E-6 (2.8E-6) .599 (-6.9E-6;4.0E-6) 
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HC× MC -2.9 (2.8E-6) <.001 (-3.3E-5;-2.4E-5) -2.6E-6 (2.8E-6) .355 (-8.0E-6;2.9E-6) 

CT× MC -2.4 (2.8E-6) <.001 (-2.8E-5;-1.9E-5) 1.9E-6 (2.8E-6) .489 (-3.5E-6;7.4E-6) 

IEP× MC -2.6 (2.8E-6) <.001 (-3.1E-5;-2.1E-5) 0 (0) - - 

VM2× MC 0(0) - - 2.6E-5 (2.8E-6) <.001 (2.0E-5;3.2E-5) 
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LEGENDS 

Fig. 1. Specimens fixed in mastication simulator. 

Fig. 2. Wear (µm) of all tested A, restorative materials. B, enamel antagonists after 120 000, 

240 000, 640 000, and 1 200 000 masticatory cycles. 

Fig. 3 Linear mixed model diagram of restorative materials wear. 

Fig. 4. Linear mixed model diagram of enamel antagonist wear. 

Fig. 5. Typical SEM images (magnification: ×250) of abraded restorative materials after 1 

200 000 masticatory cycles. A, group ZP. B, group AT. C, group TC. D, group HC. E, group 

CT. F, group IE. G, group VM2 (control group). 
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