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MATERIALS UPDATE

HYBRID RESTORATIVE MATERIALS

Abstract: Hybrid materials are a recent addition to the dental armamentarium for computer-assisted de-
sign/computer-assisted manufacturing (CAD/CAM)-based restorative dentistry. They are intended to pro-
vide dentists with the capability of restoring single teeth in one appointment with a material that emulates 
the structure and physical properties of natural teeth. This article aims to provide an overview of currently 
available hybrid materials and offer the reader further understanding of their key clinical parameters and 
possible limitations.
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B he first dental computer-assisted design/computer-
assisted manufacturing (CAD/CAM) system was 
developed with the goal of providing patients with 
long-lasting, esthetic restoration in a single appoint-
ment. Since the first such treatment was performed 

in 1985, this technology has revolutionized the way dentistry is per-
formed. In the pioneering years, feldspar ceramic blocks were the 
restorative material of choice, as this materials class best matched 
the desired physical properties. Both the technology and the material 
performed well clinically, with survival rates of 90% after 10 years.1 
Among failed ceramic restorations, materials fractures emerged as 
the biggest problem.1,2

While strong, ceramics are brittle with a low fracture tough-
ness and a high susceptibility to failure in the presence of flaws.3 
To overcome this problem, two diametrically opposed solutions 
were pursued. One was the development of tougher materials, such 
as lithium-disilicate glass-ceramics, which show higher clinical 
survival rates than feldspar ceramics.4 The enhanced toughness, 
however, makes it necessary to mill these materials in a presin-
tered stage. The ensuing firing process, in turn, makes it difficult 
to complete the treatment in a single appointment. Furthermore, 
the manual nature of the processing can potentially lead to errors 
and reduce the quality of the final product. 

The other solution to prevent fractures was to use a more flex-
ible material. The developments in this direction were founded 
on polymer-based resin-composite materials’ ability to overcome 
the limitations of the aforementioned ceramic materials with 
regard to curing shrinkage, low mechanical properties, and poor 
wear resistance.5 

Hybrid Materials 
This breed of materials has been referred to by myriad names both 
by the manufacturers and in the dental literature.3,5  This is perhaps 
because of the different compositions and methods of manufacturing 
used, as well as the relative infancy of this product category. Due to 
their hybridity with regard to the combination of ceramic and poly-
mer materials and the common goal to combine the positive effects 
of ceramics and resin-based materials, this article will refer to this 
materials family as “hybrid” materials. This materials family may be 
further subdivided into materials that are based on resins, which will 
be referred to as CAD/CAM composite resin, and those that are based 
on ceramics, which will be referred to as hybrid ceramic. 

The first commercially available material considered a “hybrid” 
was Paradigm™ MZ100 (3M ESPE, 3mespe.com). Though initially 
not truly a result of a combination of materials, Paradigm MZ100 
was achieved through industrialized polymerization of the Z100 
(3M ESPE) direct composite. Combined light and heat polymer-
ization under high pressure led to a significant improvement of the 
properties of composite resin.6,7 Consequently, Paradigm MZ100 
demonstrated superior physical properties to Z100.3,7 The mate-
rial was subsequently developed further, and Lava™ Ultimate (3M 
ESPE) emerged with slightly superior physical properties.8 Lava 
Ultimate and two other recent additions to the hybrid category, 
GC Cerasmart™ (GC Corp., gc-dental.com) and Shofu Block HC 
(Shofu Dental, shofu.com), are comprised of nanoceramic particles 
embedded in a highly cured resin matrix.9,10

Based on the knowledge of the glass-infiltrated ceramic sys-
tems it pioneered, the VITA company developed Vita Enamic® 
(VITA Zahnfabrik, vita-zahnfabrik.com), a resin composite that 
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is obtained via the infiltration of a presintered ceramic network 
with a monomer mixture. In the true sense of the term hybrid, the 
processes for ceramic fabrication and composite resin fabrication 
were joined. Through this, a higher-volume fraction filler was 
achieved.11

Materials Properties and Their 
Respective Implications
Currently available hybrid materials are outlined in Table 1.12 Table 2 
shows selected mechanical properties of hybrid materials, a feldspar 
ceramic, a lithium-disilicate glass-ceramic, adhesive luting cements, 
and human dentin and enamel.5,9,13-16 As seen in Table 2, the flexural 
modulus of Vita Enamic is closer to that of human dentin compared 
to the feldspar ceramic and lithium-disilicate glass-ceramic, which 
demonstrate a flexural modulus closer to that of enamel. 

Because the elastic modulus of hybrid materials is more similar  
to the elastic modulus of dentin and adhesive luting cements, a 
more uniform stress distribution in the system during loading may 

be anticipated for hybrid-materials restorations.17,18 The flexural 
strength of hybrid materials CAD/CAM blocks is higher than that 
of recently developed nanofilled composite resins.19 This can be at-
tributed to the factory polymerization involving heat and pressure, 
as well as the high filler load. 

An investigation of the hardness of Vita Enamic also demon-
strated values closer to dentin than the higher hardness values of 
enamel and traditional veneering ceramics.11 Thus, no excessive 
antagonist wear can be observed,20 which is a concern using con-
ventional ceramics.21

Wedge-shaped Vita Enamic specimens milled with a Sirona MC 
XL milling unit (Dentsply Sirona, dentsplysirona.com) showed a 
better marginal fit and less avulsions than specimens of conven-
tional CAD/CAM materials.22 This can be ascribed to the polymer 
component and is important for the clinical fit of restorations, in-
cluding those that are minimally invasive. Furthermore, the re-
duced hardness leads to more rapid machining and less wear of 
CAD/CAM instruments.5

Brand Manufacturer Type Monomer Filler Filler 
Mass %

Block HC Shofu CAD/CAM compo-
site resin

UDMA, TEGDMA Silica, silicate, zirconium 
silicate

61

Cerasmart GC CAD/CAM compo-
site resin

Bis-MEPP, UDMA, 
DMA

Silica, barium glass 71

Lava Ultimate 3M ESPE CAD/CAM compo-
site resin

Bis-GMA, UDMA, 
Bis-EMA, TEGDMA

SiO2, ZrO2, aggregated 
ZrO2/SiO2 cluster

80

Vita Enamic VITA Hybrid ceramic UDMA, TEGDMA Feldspar ceramic enriched 
with aluminum oxide

86

TABLE 1

Composition of Hybrid Material CAD/CAM Blocks According to Manufacturers

Abbreviations: Bis-EMA = ethoxylated bisphenol A dimethacrylate, Bis-GMA = bisphenol A glycol dimethacrylate, Bis-MEPP = 2,2-bis(4-methacryloxyethoxyphenyl) 
propane, DMA = dimethacrylate, SiO2 = silicon dioxide, TEGDMA = triethylene glycol dimethacrylate, UDMA = urethane dimethacrylate, ZrO2 = zirconium dioxide.

Condition Block 
HCa

Cerasmarta Lava Ulti-
matea

Vita Ena-
mica

Vita 
Mark 
IIb

IPS 
e.max 
CADc

Adhesive 
luting ce-
ments

Dentin Enamel

Flexural 
Strength 
(MPa)

Dry 170.5 ± 
10.5

242.0 ± 11.6 170.5 ± 
28.7

140.7 ± 
8.5

126.6 ± 
8.1

353.05 
± 37.52

- - -

Aged 117.6 ± 
13.9

194.3 ± 14.9 120.1 ± 
15.6

134.6 ± 
6.7

129.0 ± 
5.7

- - - -

Flexural 
Modulus 
(GPa)

Dry 9.6 ± 
0.4

10.0 ± 0.2 14.5 ± 0.3 28.5 ± 1.1 51.5 ± 
3.1

69.36 ± 
6.22

6.8–10.8 17.7–
29.8

72.7–
105.5

Aged 7.2 ± 
0.6

8.7 ± 0.3 12.2 ± 0.3 28.6 ± 
0.8

54.9 ± 
1.0

- - - -

TABLE 2

Mechanical Properties of Hybrid Materials, a Feldspar Ceramic Material, a Lithium-Disilicate Glass-
Ceramic Material, Adhesive Luting Cements, and Human Dentin and Enamel

Abbreviations: Aged = immersion in water at 37°C for 7 days followed by 10,000 thermocycles; Dry = dry storage.
a hybrid material. b feldspar ceramic material. c lithium-disilicate glass-ceramic material. 
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Vita Enamic shows an indentation deformation ability similar 
to human enamel, though it lacks enamel’s ability to recover after 
unloading. Traditional ceramic materials do not deform at all. This 
implies a better stress redistribution ability under use when com-
pared with traditional ceramic materials.5

CAD/CAM machining, clinical adjustments, and normal use can 
lead to cracks in restorations. In an investigation on the milling-
induced strength reduction of CAD/CAM materials, Vita Enamic 
demonstrated a lower loss of strength than feldspar ceramics and 
lithium-disilicate glass ceramics.23 A scanning electron micros-
copy (SEM) evaluation of cracks induced in Vita Enamic revealed 
that cracks run through the ceramic parts but are deflected at the 
polymer–ceramic interfaces. This behavior results in a damage 

tolerance of the material, which suggests local damage will be less 
likely to result in a chipping-induced failure of the restoration.11

Adequate polishing of restorations is critical to remove surface 
defects caused by machining and to establish high gloss and low 
surface roughness. Hybrid materials, especially CAD/CAM com-
posite resin, can be polished more easily than traditional ceramic.24

In the author’s experience, similar to glass-ceramics, hybrid 
materials adapt to the color of the underlying tooth substance, 
which typically leads to a good esthetic integration. However, be-
cause the materials are monolithic, the esthetic result is inferior 
to laboratory-produced restorations. While a customization of the 
materials is possible using composite resin or painting techniques, 
it should be noted that the restorations then lose their monolithic 
composition and the advantages associated with it.

Unlike some partially sintered CAD/CAM materials that require 
additional firing, hybrid materials are milled in the final stage. This 
makes the materials good candidates for single-tooth restorations 
that are to be concluded in a single appointment. To date, manufac-
turers have provided the range of indications for hybrid materials 
for use in inlays, onlays, laminate veneers, full-crown restorations, 
and implant-supported restorations. However, in 2015 3M ESPE 
chose to remove the crown indication for Lava Ultimate due to a 
reported heightened debonding rate of said restorations.25 Suffice 
it to say that clinicians must be careful with full-coverage crown 
restorations using resin materials. 

The bond of the restoration to the tooth is essential for the 
survival of all restorations. Due to the relative novelty of hybrid 
materials, the author has found no clear bonding protocols in the 
dental literature. With the evidence available thus far, it may be 
recommended to subject resin to air-particle abrasion and silane 
treatment prior to bonding, whereas hybrid ceramics can be pre-
treated through hydrofluoric-acid etching and silane application 
because of their ceramic substructure.26

Case Presentation 
A 47-year-old woman presented with occasional pain and hypersensi-
tivity of her lower right first molar. Findings from the clinical exami-
nation revealed insufficient amalgam restorations on her lower right 
first molar and second premolar (Figure 1). Both teeth were vital. The 
lower right quadrant was isolated (OptraDam, Ivoclar Vivadent, ivo-
clarvivadent.com) and the old restorations were removed (Figure 2). 
The tooth surfaces were cleaned with an air-polishing unit. To achieve 
a good esthetic integration of the final restoration, discolored dentin 
areas were covered with an opaque build-up restoration (LuxaCore®, 
DMG, dmg-dental.com) (Figure 3). The adjacent second premolar 
was restored using a direct resin composite (Filtek™ Supreme XTE, 
3M ESPE). Subsequently, the first molar was prepared according to 
the guidelines for all-ceramic CAD/CAM restorations27 (Figure 4 and 
Figure 5). A digital impression was performed (CEREC Omnicam, 
Dentsply Sirona) (Figure 6), and the final restoration was planned 
(CEREC Software 4.3.1, Dentsply Sirona) (Figure 7). 

For a restorative material, the CAD/CAM composite resin Lava 
Ultimate was selected (Figure 8). The milled restoration was 
checked for fit (Figure 9) and subsequently prepared for bonding. 
To roughen the surface, the part of the restoration facing the tooth 

Fig 1. 

Fig 2. 

Fig 3. 

Fig 1. Clinical examination revealed insufficient amalgam restorations on 
the patient’s lower right first molar and second premolar. Fig 2. Clinical 
situation after the removal of the old restorations. Fig 3. Discolored 
dentin areas were covered with an opaque build-up restoration. 
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was air abraded with aluminum-oxide particles with a particle size 
of 50 μm (Figure 10). The restoration was cleaned using alcohol 
and a silane (GC Ceramic Primer, GC Corp.) applied to the bonding 
surface. Subsequently, the abutment tooth was prepared for bond-
ing (Figure 11). The enamel was selectively conditioned. The tooth 
was rinsed and dried, and a desensitizer (Telio CS Desensitizer, 
Ivoclar Vivadent) was applied to the dentin areas. An adhesive 
(Scotchbond™ Universal Adhesive, 3M ESPE) was applied to the 
restoration and the tooth surfaces, and the restoration was ce-
mented using a resin cement (RelyX™ Ultimate, 3M ESPE). The 
restoration was checked for occlusal and proximal contacts and 
subsequently polished (Figure 12 and Figure 13). Figure 14 and 
Figure 15 show the final restoration on the day of bonding, and 
Figure 16 demonstrates the restoration 1 year later.

Performance of Hybrid Materials
Due to the relative novelty of this product family, both in vitro 
and in vivo data on their performance are scarce, much like other 
CAD/CAM materials that are in their infancy. The promising ma-
terial properties, however, should lead to an increased clinical use 
of these materials in dental offices. Thus, independent studies on 
the clinical performance of these materials are urgently needed. 

The studies cited in this article are focused on hybrid materials 
for CAD/CAM use. Results on the performance of manually fab-
ricated indirect composites were omitted because these materials 
significantly differ from the new CAD/CAM materials. 

In in vitro studies, CAD/CAM composite resin occlusal veneers 
(Paradigm MZ100) showed a significantly increased survival rate 
when compared with those made of reinforced ceramics (IPS 
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Fig 4. 

Fig 6. 

Fig 5. 

Fig 7. 

Fig 4. The abutment tooth was prepared according to guidelines for all-ceramic CAD/CAM restorations. Fig 5. Labial view of the preparation 
design. Fig 6. A digital impression was taken. Fig 7. The final restoration was planned digitally. digitally. Fig 8. Milled CAD/CAM composite resin 
material restoration. Fig 9. The restoration was checked for fit prior to cementation.

Fig 8. Fig 9. 
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Fig 10. Fig 11. 

Fig 12. Fig 13. 

Fig 10. The part of the restoration facing the tooth was air abraided with aluminum oxide. Fig 11. Abutment tooth prior to cementation. Fig 12 and 
Fig 13. Polishing of the final restoration. 

Empress and e.max® CAD, Ivoclar Vivadent)28,29 and an increased 
fatigue resistance in endodontically treated teeth when compared 
with teeth restored with a feldspar porcelain (Vita Mark II).30 The 
maximal loads at fracture for CAD/CAM composite resin restora-
tions (Lava Ultimate) were found to exceed human masticatory 
forces, even at a thickness of 0.3 mm.8 

In a study, 7-day water storage and thermocycling negatively 
affected the mechanical properties of CAD/CAM composite 
resin blocks and e.max, whereas the hybrid ceramic material 
and the feldspar ceramic material were not affected (Table 2).9 
Water penetrated the resin matrix of the resin blocks, which, in 
turn, led to a softening of the polymer.31,32 Furthermore, the ab-
sorbed water may have caused hydrolysis of the silane coupling 
agent.33 The effect was highest in the materials using zirconium 
silicate as filler particle. This may be attributed to the fact that 
zirconium silicate cannot be effectively silanized due to the high 
crystalline content.33

Abrasive tooth brushing was found to significantly reduce the 
gloss and intensify the surface roughness of enamel and restorative 
materials. Hybrid materials show less gloss retention and more 
surface roughness than traditional ceramics. However, values were 
still better than those of human enamel.20

In an ongoing clinical evaluation, 103 teeth were restored with 
hybrid ceramic (Vita Enamic) minimally invasive restorations. 
After an observation time of 1 year, the survival rate was 100%. 
Marginal adaptation and marginal discoloration of all restorations 
were clinically satisfying.34

Conclusions 
Within the limitation of the available data on hybrid materials, it may 
be concluded that this novel product family represents a successful 
step toward the goal of restoring single teeth in a single appointment 
using a material with similar mechanical behavior to that of human 
enamel and dentin. However, independent long-term studies on the 
clinical performance of these materials are urgently needed. 
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Fig 14. Labial view on the day of cementation. Fig 15. Occlusal view of 
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