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ORIGINAL RESEARCH

launched as substitutes for dense ceramics. In addition to offering 
the lower brittleness and superior fracture resistance of polymers, 
these new CAD/CAM materials offer the esthetic properties of 
glass ceramics.9

The manufacturing process of PICN involves two steps. Initially, 
a coupling agent is used to condition a porous presintered feldspar 
ceramic. By capillary action, a cross-linking polymer (ultra direct 

In t r o d u c t I o n

Dental practice has become increasingly dependent on computer-
aided design and computer-aided manufacturing (CAD/CAM) in 
the last couple of decades. Since the introduction of digitalization 
tools/scanners in the past few years, software and milling devices 
have improved significantly.1 Fixed prostheses produced by CAD/
CAM have shown acceptable clinical outcomes over the years. A 
variety of materials have been used to fabricate these prostheses, 
including metals and ceramics. Among the two, ceramics have 
become much more popular because of the superior esthetic 
properties they offer.2

The ceramic block material for CAD/CAM applications is now 
available in a wide range of compositions and properties. Wear 
resistance and hardness are important characteristics of dense 
ceramics like zirconia. Due to this high wear resistance, zirconia 
crowns cause excessive wear in the opposing natural tooth. A 
number of authors have demonstrated that ceramic substrates 
tend to wear down human enamel more abrasively than other 
substrates.3–7 This has become a major disadvantage of ceramic 
crowns. This disadvantage needs to be reduced or eliminated 
while retaining the other desirable properties. It would therefore 
be valuable to have a ceramic restorative material that provides 
good strength without increasing enamel wear.8

Recently, a polymer-infiltrated ceramic network (PICN) 
material and composite resin nanoceramic blocks have been 
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Ab s t r Ac t
Purpose: This in vitro study was carried out to compare the wear of opposing natural teeth caused by zirconia, resin nanoceramic restorations, 
and polymer-infiltrated ceramic network (PICN).
Materials and methods: A total of 12 disk-shaped samples measuring 10 × 2 mm were milled from each of the following blanks–Zirconia disc (3M™ 
Lava™ Plus), Lava™ Ultimate computer-aided design and computer-aided manufacturing (CAD/CAM) blocks, and VITA ENAMIC® CAD/CAM blocks. 
The samples were grouped as group I—zirconia (n = 12), group II—resin nanoceramics (n =12), and group III—PICN (n = 12). A total of 36 freshly 
extracted maxillary premolars were collected and allocated to three groups (n = 12 each). The extracted teeth were weighed and scanned for 
prewear. The disc samples were subjected to a two-body wear test against the natural teeth in a two-body wear machine for 10,000 cycles, and 
readings were recorded. The teeth were again weighed and subjected to postwear scans. The one-way analysis of variance (ANOVA) was done 
to find the significant difference among groups, and post hoc Bonferroni’s test was done for intergroup comparisons.
Results: The results revealed that there was a statistically significant difference (p = 0.001) in all three groups. The maximum amount of wear 
was seen with zirconia (0.2912 ± 0.151 mm) followed by resin nanoceramic (0.1345 ± 0.017 mm) and PICN (0.1233 ± 0.007 mm). The maximum 
amount of weight loss was seen with zirconia (0.0100 ± 0.0048 gm), followed by resin nanoceramic (0.0037 ± 0.0037 gm), and the least amount 
of weight loss was seen in PICN (0.0017 ± 0.0009 gm).
Conclusion: PICN displayed the least volumetric loss of the opposing natural teeth (both according to the weight and change in linear dimension), 
followed by resin nanoceramic and zirconia. In the case of bruxers, hybrid ceramics can be considered good alternatives to zirconia.
Keywords: Hybrid ceramics, Polymer-infiltrated ceramic network, Resin ceramics, Resin nanoceramics, Wear.
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Collection of Extracted Teeth
A total of 36 freshly extracted maxillary premolars, which were 
indicated for orthodontic extraction, were collected and allocated 
to three groups (12 each). Unrestored, fully developed, and caries-
free tooth with the patient’s consent/assent was used in the study. 
Attrited, carious, nonvital, restored, and root canal-treated teeth 
were excluded from the study.

The tooth was then cleaned under running water and normal 
saline. A metal index measuring 20 × 20 × 25 mm was used to 
embed the tooth in a self-cure self-polymerizing acrylic block 
(DPI RR, Mumbai, India). Cold cure polymer and monomer were 
proportioned and mixed in a silicone cup as per the manufacturer’s 
recommendation. Acrylic material was transferred to the metal 
index, and the tooth was embedded into it and held until the acrylic 
material went to the stiff stage (Fig. 2).

Wear Testing of Opposing Teeth
Contrast spray (Easy Scan contrast spray, Alphadent, Seongnam-si, 
Korea) was sprayed on the extracted tooth before placing it in the 
extraoral 3D scanner. The mounted extracted tooth was then placed 
inside the extraoral laboratory scanner (Dental Wings, DWOS, 
3Series scanner, Montreal, Canada) (Fig. 3A). The prewear scanned 
image of the 3D object was obtained in STL format. After scanning 
the tooth samples, they were placed on a weighing machine, and 
the weight of each sample was noted in grams

The mounted extracted tooth was placed onto the upper holder 
of a two-body wear machine. The ceramic disc (zirconia, resin 
nanoceramic, or PICN) was placed on the lower holder of the two-
body wear machine. A total of 5 kg of the constant load was applied 
to the cusp tips and ceramic discs (Fig. 3B). A 10,000-cycle friction 
test was performed on these specimens. As part of the test, artificial 
saliva was sprayed between the extracted tooth sample and the disc 
surface at specified intervals to simulate oral conditions.

After completion of 10,000 cycles of wear, the tooth was again 
sprayed with contrast spray to prepare it for postwear extraoral 
3D scanning. The mounted extracted tooth was placed inside the 
extraoral laboratory scanner, and the scanned image of the 3D 
object was again obtained in STL format.

Now both the prewear and the postwear 3D object STL files 
were exported to a software (Geomagic® Control X™ 64 Bit Build 
version 2018, Copyright© 3D Systems, Senningerberg, Luxembourg) 
and superimposed for comparison of prewear and postwear 
(Figs 4A to C). The difference between prewear and postwear 3D 
scans was calculated, and the amount of wear that occurred was 
determined.

After scanning, the tooth samples were placed on the weighing 
machine again, and the weight of each sample was noted. The 
difference between the pre and postwear test weights of each 

memory access, tetraethylene glycol dimethyl ether, dibenzoyl 
peroxide) is then infused into the porous ceramic network structure. 
A PICN material was subsequently obtained by heat-induced 
polymerization.10 Unlike traditional ceramic blocks, composite 
resin nanoceramic blocks are made from polymeric materials 
reinforced with ceramic filler particles. A significant improvement 
in their mechanical properties can be attributed to the process of 
industrially fabricating these blocks at high temperatures and under 
high pressure, which results in a higher volume fraction filler and 
higher conversion rates (85%).11

The mechanical properties of these hybrid ceramics have 
been compared with lithium disilicate glass ceramics, and it has 
been found that the two newer CAD/CAM ceramics (PICN and 
resin nanoceramics) have improved mechanical properties.2,12 
However, not much evidence exists regarding the wear caused in 
the opposing natural tooth by these materials when compared to 
popularly marketed ceramics like zirconia.

Therefore, this in vitro study was to compare the wear of 
opposing natural teeth caused by zirconia, resin nanoceramic 
restorations, and PICN. The null hypothesis was that there would be 
no difference in the wear of opposing natural teeth due to zirconia, 
resin nanoceramic restorations, and PICN.

MAt e r I A l s A n d Me t h o d s

The study was done in a dental college and research center in the 
region of Western Maharashtra. The Ethical Committee clearance 
number for the study is MCES/EC/563/2019, dated, 8th November 
2019. The methodology for the study is divided into the following 
steps.

Preparation of Specimens and Sampling
Tinkercad® software (Autodesk, San Francisco, United States of 
America) was used to design the stereolithography (STL) file for disc 
specimens. A three-dimensional (3D) model of a disc measuring 
10 mm in diameter and 2 mm in thickness was created in STL format. 
This file was then sent to the milling machine for milling. A total 
of 36 disc-shaped samples (12 samples/group) of 10 mm diameter 
and 2 mm thickness were milled with the help of a CAD/CAM device 
from each of the following blanks—Zirconia disc (3M™ Lava™ Plus 
High Translucency Zirconia, 3M, Saint Paul, Minnesota, United 
States of America), Lava™ Ultimate CAD/CAM blocks (3M, Saint Paul, 
Minnesota, United States of America) and VITA ENAMIC® CAD/CAM 
blocks (VITA Zahnfabrik, Bad Säckingen, Germany).

The obtained disc samples were divided into three groups—
group I, zirconia (n = 12); group II, resin nanoceramics (n = 12); and 
group II, PICN (n = 12) (Figs 1A to C). Samples without visible defects 
were only included in this study. Samples with visible defects were 
discarded and replaced with new ones.

Figs 1A to C: Milled discs measuring 10 × 2 mm: (A) Zirconia; (B) Resin nanoceramic; (C) Polymer infiltrated ceramic network
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test was done for intergroup comparisons. The p-values of 
<0.05 are considered statistically significant. All the hypotheses 
were formulated using two-tailed alternatives against each null 
hypothesis (hypothesis of no difference). The entire data was 
statistically analyzed using Statistical Package for the Social 
Sciences (SPSS) (IBM Corp. Released 2013. IBM SPSS Statistics 
for Windows, Version 22.0. Armonk, New York, United States of 
America—IBM Corp.) for Microsoft Windows.

re s u lts

Comparison of Weight Loss before and after Wear 
Cycle
The results revealed that there was a statistically significant 
difference (p = 0.001) in weight loss among all three groups. The 
maximum amount of weight loss was seen with zirconia group I 
(0.0100 ± 0.0048 gm), followed by resin nanoceramic group II (0.0037 
± 0.0037 gm), and the least amount of weight loss was seen in PICN 
group III (0.0017 ± 0.0009 gm) (Table 1).

A pairwise comparison of the difference in weight loss 
between the zirconia group and the resin nanoceramic group was 
statistically significant (p = 0.001). The difference in weight loss 
between the zirconia group and the PICN group was also statistically 
significant (p = 0.001). The difference in weight loss between the 
resin nanoceramic group and the PICN group was insignificant 
(p = 0.344) (Table 2).

sample was considered as the amount of wear that occurred in 
the tooth.

Statistical Analysis
The data on the continuous variable was presented as mean 
and standard deviation (SD). The ANOVA was done to find the 
significant difference among groups, and post hoc Bonferroni’s 

Fig. 2: Extracted maxillary premolars embedded in acrylic blocks

Figs 3A and B: (A) Extracted tooth placed inside the extraoral laboratory scanner; (B) Extracted tooth placed onto the upper holder while disc 
sample was placed on the lower holder of a two-body wear machine

Figs 4A to C: (A) Prewear scan; (B) Postwear scan; (C) Two scans overlapped
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particle ceramic blocks, and reinforced resin-ceramic blocks are 
among the esthetic restorative material options that are available.13

The recently introduced hybrid CAD/CAM ceramic materials 
have multiple advantages over other materials. In addition to 
improving machinability, an easier intraoral repair is ensured 
with light polymerized restoratives, and postmilling firing is not 
required, which speeds up production. Indications of hybrid ceramic 
materials include veneers, inlays, onlays, crowns, and small anterior 
and posterior bridges.14

In the oral cavity, wear is characterized by a progressive loss of 
anatomical form. The etiology of this process can be physiological or 
pathological.15 To preserve normal function and occlusal harmony, 
it is essential to choose the right restorative material. There are 
a number of factors that affect enamel wear, including physical 
characteristics such as hardness, frictional resistance, and fracture 
toughness, as well as microstructural characteristics like porosity 
and crystalline structure, and surface roughness of the restoration.16

In the current study, zirconia caused the highest volumetric 
loss (both in weight and in linear dimension) of the opposing 
tooth among the three groups. PICN displayed the least amount 
of volumetric loss, according to this study. The null hypothesis that 
there would be no difference in the wear of opposing natural teeth 
due to zirconia, resin nanoceramic restorations and PICN is rejected.

The lower wear caused by PICN and resin nanoceramic materials 
can be explained by the fact that the composite resins incorporated 
in these hybrid ceramics have Young’s modulus similar to that of 
dentin.11 Furthermore, the hardness and fracture toughness of 
these hybrid ceramics are lower than that of conventional ceramics. 

Comparison of Change in Tooth Height before and 
after Wear Cycle
The results revealed that there was a statistically significant 
difference (p = 0.001) in all three groups. The maximum amount of 
wear was seen with zirconia group I (0.2912 ± 0.151 mm), followed 
by resin nanoceramic group II (0.1345 ± 0.017 mm), and the least 
amount of wear was seen in PICN group III (0.1233 ± 0.007 mm) 
(Table 3).

A pairwise comparison of wear revealed that difference in 
wear between the zirconia group and the resin nanoceramic 
group was statistically significant (p = 0.001). The difference in 
wear between the zirconia group and the PICN group was also 
statistically significant (p = 0.001). The difference in wear between 
the resin nanoceramic group and the PICN group was insignificant 
(p = 0.948) (Table 4).

According to the results, zirconia caused the highest volumetric 
loss (both in weight and in linear dimension) of the opposing tooth 
among the three groups, while PICN displayed the least amount of 
volumetric loss.

dI s c u s s I o n

Several innovations have come up in esthetic restorative materials. 
One concern about the CAD/CAM blocks in the past was their 
monochromatic appearance. However, with the new advances in 
manufacturing technology, a wide variety of blocks with superior 
esthetic qualities is now available. Polychromatic leucite-reinforced 
ceramic blocks, lithium disilicate glass-ceramic blocks, feldspar fine-

Table 1: Comparison of weight loss (in gm) among three groups

Groups Mean SD F value p-value

Zirconia 0.0100 0.0048 17.683 0.001*
Resin nanoceramic 0.0037 0.0037

PICN 0.0017 0.0009

*Indicates significance at p ≤ 0.05

Table 2: Pairwise comparison of weight loss before and after the wear cycle

Material pair Mean difference p-value

Zirconia Resin nanoceramic 0.0063 0.001*

Zirconia PICN 0.0083 0.001*

Resin nanoceramic PICN 0.0020 0.344

*Indicates significant at p ≤ 0.05

Table 3: Comparison of change in dimension among three groups (by 3D scanning method)

Groups Mean SD F value p-value

Zirconia 0.2912 0.151 13.658 0.001*
Resin nanoceramic 0.1345 0.017

PICN 0.1233 0.007

*Indicates significant at p ≤ 0.05

Table 4: Pairwise comparison of tooth height before and after the wear cycle

Material pair Mean difference p-value

Zirconia Resin nanoceramic 0.1567 0.001*

Zirconia PICN 0.1679 0.001*

Resin nanoceramic PICN 0.1112 0.948

*Indicates significant at p ≤ 0.05
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Additionally, they have lower concentrations of crystal phase when 
compared to conventional ceramics. All these factors contribute to 
the lower wear of enamel caused by this hybrid ceramics.17

The soft polymeric matrix of polymer-based restorative CAD/
CAM materials wears away due to abrasion, which exposes filler 
particles.18 Also, biting forces apply stress at the filler-matrix 
interface throughout the polymer restoration. If stresses exceed 
the bond strength between the resin matrix and filler particles, 
they may cause subsurface cracks and subsequent loss of the 
material, along with the loss of singular, superficial filler particles. As 
compared with composites, dental ceramics have a different mode 
of wear. As ceramics are brittle, they wear by fracturing, causing 
them to get rougher and releasing wear fragments, increasing the 
wear of opposing enamel.19

The results obtained in this study are in agreement with results 
obtained by Lawson et al.,20 and Ludovichetti et al.21 Kamel et al.22 
reported PICN to be the most antagonist-friendly among three 
tested ceramic materials, namely translucent zirconia, lithium 
disilicate, and hybrid ceramic (PICN). According to a study done 
by Xu et  al.,23 on the wear behavior of VITA ENAMIC® and tooth 
enamel, it was determined that Enamic had a significantly lower 
wear resistance than enamel. The hardness of the enamel reported 
by Chun et al.24 is 274.8 VH, by Ludovichetti et al.21 for VITA ENAMIC® 
is 200 VH, and by Mormann et al.25 for translucent zirconia is 1300 
VH. Lower hardness values of the hybrid ceramics, when compared 
to zirconia, can be attributed to lower wear caused by them.22 The 
tendency of brittle chipping in dense ceramics such as zirconia 
might be another reason for causing more wear of the opposing 
tooth. By resharpening the edges of the particles, brittle chips 
formed by the abrasive process can further increase wear. Brittle 
chips formed during the abrasive process can cause resharpening 
of the edge of the particles with a further increase in the wear rate.16

The difference in antagonist enamel wear between the two 
hybrid ceramics can be credited to the difference in their genetic 
structures. Resin nanoceramics contain silica particles of 20 nm, 
zirconia particles of 4–11 nm, and agglomerated nanosized particles 
of silica and zirconia, all embedded in a highly cross-linked polymer 
matrix with an approximately 80% ceramic load.26 On the other 
hand, PICN material consists of two interpenetrating ceramic-
polymer networks. Capillary action is used to infiltrate a polymer 
into a porous presintered ceramic network.10 As a consequence of 
the structural differences between the two hybrid ceramic materials 
in the present study, the amounts of wear caused by them vary.

co n c lu s I o n

Within the limitations of this study, it can be concluded that PICN 
displayed the least volumetric loss of the opposing natural tooth, 
followed by resin nanoceramic and zirconia. In the case of bruxers, 
hybrid ceramics can be considered good alternatives to zirconia.
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